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Modern diagnostic systems are characterized by that
the flow of diagnostic information requires significant com-
putational resources to process. In order to improve the
reliability of the object to be diagnosed and reduce operat-
ing costs, it is necessary to improve procedures for analyz-
ing diagnostic results. This paper suggests a procedure to
Jorm the diagnostic features of locomotive nodes based on
the use of a principal components analysis. The proposed
approach is distinguished by a decrease in the dimension-
ality of the input set of diagnostic features in order to select
the sets of interconnected diagnostic parameters. Based on
the selection of the sets of interconnected diagnostic fea-
tures, constructing new latent diagnostic parameters has
been proposed. A latent diagnostic parameter contains
information that combines data from several initial diag-
nostic features. The result of the method is a set of latent
diagnostic parameters that do not correlate with each other
and reflect the behavior of the object to be diagnosed from
different technical points. The application of a sufficient
number of latent diagnostic parameters involved the scree
test method. This paper reports the results from using the
proposed approach for treating the results from diagnos-
ing the hydraulic transmissions in locomotives. The result
JSrom applying the procedure has made it possible to pro-
pose using three latent diagnostic parameters to assess the
technical condition of a locomotive’s hydraulic transmis-
sion during bench tests. The suggested parameters contain
90 % of the original information and reflect losses in the
transmission, as well as the load at the input and output of
the transmission

Keywords: principal components analysis, parameter
informativeness, latent diagnostic parameter, hydraulic
transmission
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1. Introduction

The rapid development of information systems has led to
asharp increase in the amount of information that characterizes
any sphere of human activity. Vehicle operations and repairs
are also accompanied by the generation, processing, analysis,
transmission, and preservation of significant amounts of data.
One of the areas in the application of big data analysis systems
is the analysis of the results from diagnosing vehicles. The
development of big data analytics systems is one of the key
technologies associated with the fourth industrial revolution.
The current direction of the introduction of this technology
in engineering is to expand the capabilities of existing and
newly created technical diagnostic systems.

The tasks of technical diagnosing include the task of
determining the technical condition of an object. The result
from solving the problem is the complete or partial removal
of uncertainty about the status of the object to be diag-
nosed. When creating diagnostic systems, an approach can
be used in which the maximum possible number of control
parameters is measured to monitor the technical condition
of vehicles. The use of such an approach is not rational for
both economic and technical reasons. Thus, the cost of the

Lazaryana str., 2, Dnipro, Ukraine, 49010

How to Cite: Bodnar, B., Ochkasov, O. (2021). Devising a procedure to form the diagnostic parameters for locomo-
tives using a principal components analysis. Eastern-European Journal of Enterprise Technologies, 2 (1 (110)), 97-103.
doi: https://doi.org/10.15587/1729-4061.2021.230293

diagnostic system increases significantly while some of the
control parameters would be redundant.

At the stage of creating the first systems for diagnosing
traction rolling stock, the task of selecting a minimum number
of diagnostic parameters was relevant. The minimum set of di-
agnostic parameters is understood to be such a minimum list
of controlled parameters, which makes it possible to fully dis-
tinguish all possible technical states of the object of control.

At the current stage of technological diagnostics develop-
ment, the use of data mining technologies is relevant. The pur-
pose of these technologies is to highlight the most informative
and generate new diagnostic features. The introduction of in-
telligent analysis technologies could result in increased vehicle
reliability and traffic safety, as well as lower operating and main-
tenance costs. In addition, the theoretical and practical results
of such works would be in demand in the creation and imple-
mentation of automated fleet management systems for vehicles.

2. Literature review and problem statement

Safety and reliability of operation is a major factor at all
stages of the railroad rolling stock service life. An analysis of




the root causes of serious incidents and disasters is reported
in work [1]. The authors single out rolling stock derailment
as the main cause of serious incidents and disasters. To im-
prove safety in rolling stock traffic, the authors proposed an
improved criterion for assessing the stability of rail carriages
against derailment. A study into the reduction of operational
costs of transportation companies by decreasing the wear of
a wheel-rail pair, as well as by bringing down energy cost of
train traction, is reported in [1, 2]. One of the fastest-growing
areas of research related to increasing the reliability of rolling
stock and reducing operating costs is the introduction of
individual repair strategies, the introduction of adapted and
flexible approaches to the maintenance of locomotives, which
are based on the results from technical diagnostics.

The role of technical diagnostics, its impact on the
system that maintains and ensures the reliability of trac-
tion rolling stock, is described in [3]. The author gives
a theoretical justification for the need to introduce tech-
nical diagnostics in improving locomotive maintenance
systems. The development of diagnostic systems begins with
the development of diagnostic models. An overview of the
methods for building diagnostic models of traction rolling
stock is given in work [4]. The diagnostic models used are
the differential equations, logical ratios between parameters,
the graphs of cause-and-effect relationships, etc. The process
of selecting diagnostic parameters consists of two stages.
The first step is to identify a set of parameters describing
the state of the object to be diagnosed; the second stage
implies compiling, according to certain criteria, such a list of
parameters which could provide for the predefined amount
of information about the technical condition of the object to
be diagnosed.

The main criterion for selecting the set of diagnostic
parameters is the information criterion whose application
provides for maximum informativeness about the technical
condition of the object to be diagnosed.

The information criterion for assessing the informative-
ness of a diagnostic parameter is proposed in work [5] to
build algorithms for the search for faults in radio-electronic
equipment. The use of this criterion to build fault-finding
algorithms in locomotives’ electric circuits is proposed by the
authors of paper [6]. The object to be diagnosed is considered
as a set of structural units. The technical condition of each
structural unit (serviceable/defective) can be determined
through elementary verification ;.

The amount of information one acquires when 7; is veri-
fied is determined from the following formula:

I(n)== P(a)-log, P(a)- Y, P(b)-log, P(b), (1)

where P(a) is the probability of verifying n; with the out-
come a (serviceable); P(b) is the probability of verifying m;
with the outcome b (defective).

This criterion is used both to select a list of controlled
parameters and to build a fault search algorithm. Paper [7]
provides an example of the use of the criterion when con-
structing a technique for diagnosing the electric locomotive.
The application of this criterion does not take into conside-
ration the technical capability to measure a given parameter,
the cost of control execution, the severity of the possible
consequences from the misdiagnosis.

As an improvement of the approach considered, the infor-
mation and cost criterion was proposed in work [5].

Fln)- %) @)

where I(m;) is the amount of information received when ve-
rifying m; C(m;) is the cost of this m; verification, which takes
into consideration not only material but also time costs.

This approach takes into consideration not only the
amount of information received during the diagnostic m;
verification but also the cost of diagnosing. The use of infor-
mation and cost criterion is rational in the construction of
stationary diagnostic complexes.

To select a set of diagnostic parameters in the construc-
tion of on-board diagnostic systems, work [4] proposed using
an information-weight criterion.

G(r,)= ;((Z)) ®)

where I(m;) is the amount of information one receives
when m; is verified; B(m;) is the coefficient of the relative
weight of failure of an element from the p; system.

To determine the relative weight B(m;) of the failure of
each element m; of the diagnosed object, paper [4]:
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where m is the number of structural units analyzed in
OD (object to be diagnosed) model; A(%;) is the failure rate
of the i-th structural unit; C(m;) is the amount of loss due to
the failure of element m; S(rw;) is the cost of restoring an
element 1; T(m;) is the severity factor of the consequences of
the m; element failure.

Using criteria (2), (3) makes it possible to take into con-
sideration both the technical and economic components. The
disadvantage of the methods reviewed is that the object to be
diagnosed is considered as a set of structural units, each of which
is characterized by only two states: serviceable/defective.
Typically, these methods are used to develop systems for
diagnosing electric vehicle circuitry.

The task of selecting a set of diagnostic parameters for
a locomotive in general and for its nodes and assemblies is
relevant as the introduction of technical diagnostics could
reduce the cost of locomotive maintenance. The relationship
between a locomotive readiness coefficient, performance
indicators, and a maintenance system has been confirmed by
authors in [8]. Paper [9] addresses the choice of diagnostic
parameters for the insulation of traction electric motors in lo-
comotives. The cited paper explores the technical condition of
insulation using non-destructive control methods. The results
of a study on assessing the technical condition of the mechan-
ical equipment of electric locomotives are reported in [10].

At the current stage of development of the traction rolling
stock, technical diagnostic systems are generally integrated
with automated control systems. Even though the technical
condition of most locomotive nodes is monitored, this ap-
proach has a series of significant drawbacks. Namely: a signif-
icant number of sensors and control devices, large volumes of
diagnostic information, high cost of the technical complex.

The processing of information in diagnostic systems is
based on the formalization of the original attributes and
the identification of space of valuable features. The value of
a diagnostic feature is considered in terms of maximizing




information about the technical condition of the object to be
diagnosed. The methods of choosing diagnostic features in-
clude mathematical procedures for assessing the informative-
ness of diagnostic features. Traditional procedures are used
that employ variance, regression, correlational analyses, as
well as a theoretical-information approach based on the calcu-
lation of the probabilities and the amount of information, and
multidimensional statistical analysis. Paper [11] examines the
use of statistical methods and a probabilistic approach to pre-
dicting the failure of railroad automation systems.

In the development of diagnostic support for complex
systems, construction of diagnostic models, categorization,
and forecasting of the condition, a series of mathematical
problems arise. Namely, the large dimensionality of diagnos-
tic data; values of certain control parameters correlate with
each other; low informativeness of some control parameters.

The locomotive information system measures so many
parameters, the volume and speed of which is much greater
than a person’s ability to conduct analysis. During the oper-
ation of the locomotive, a data stream is generated, in which
it is necessary to highlight the information components of
the changing technical condition of the object to be diag-
nosed. Our review of studies [5—11] suggests that, despite
asignificant body of research in this area, the task of selecting
the most informative diagnostic features continues to be rele-
vant. The focus of further research development would be to
select the most informative components in order to automate
and accelerate the interpretation of diagnostic results.

In the development of vehicle diagnostic support, authors
propose assessing the informativeness of diagnostic parameters
by using mathematical methods to reduce dimensionality. They
focus, among methods to reduce dimensionality, on a principal
components analysis, a factor analysis, the extreme parameter
grouping, the choice of the most informative features in the
discriminate model analysis, and regression models, etc.

The main theoretical approaches to the intelligent ana-
lysis of statistics using a principal components analysis are
outlined in papers [12—14].

The authors of [15] used a principal components analy-
sis and a hierarchy analysis method to build an index of an
arbitrary process, which allowed them to select the most
informative statistical parameters and assess the quality of
the process under study.

Papers [16, 17] provide an overview of the approaches to
the use of a principal components analysis and its develop-
ment when used in science and technology.

Examples of applying a principal components analysis to
estimate the state of traffic safety, as well as the operational
indicators of a locomotive fleet, are given in works [18, 19].

The application of a principal components analysis for di-
agnosing malfunctions in equipment is reported in [20—23].
The results of those works allow us to assert the effectiveness
of using the method to detect faults in complex technical
objects.

3. The aim and objectives of the study

The aim of this study is to devise a procedure to reduce
the dimensionality of the set of diagnostic parameters while
preserving the maximum information about the technical
condition of the object to be diagnosed. That would make it
possible to improve the accuracy in determining the techni-
cal condition of the object to be diagnosed without increas-

ing the number of control parameters, to reduce the time and
resource costs on interpreting the results from diagnosing.
Achieving the goal could reduce operating costs by improv-
ing the reliability of the object to be diagnosed.

To accomplish the aim, the following tasks have been set:

— to suggest a way to reduce the dimensionality of the set
of diagnostic parameters;

— to propose a technique to select the number of diagnos-
tic parameters enough to maintain the predefined amount of
information about the status of the object to be diagnosed,;

—to construct a set of latent diagnostic parameters, so
that the elements of the set do not correlate with each other.

4. Materials and methods to form the diagnostic features
of locomotives using a principal components analysis

Based on the above analysis, we have selected a princi-
pal components analysis as a mathematical apparatus that
makes it possible to analyze available diagnostic features.
The main purpose of this method is to obtain a set of new
latent diagnostic parameters that provide for maximum in-
formativeness. At any given time, the technical condition of
the object to be diagnosed can be represented by the vector
X={x1, X9, x3..%,} of dimensionality 7; as a result of the use of
a principal components analysis, the original vector is con-
verted into the vector G={gi, g, g3...g}. In further analysis,
the dimensionality of the principal components’ vector is
reduced to m (where m<n) most informative components.

Thus, the original n-dimensional space of diagnostic pa-
rameters is reduced to an m-dimensional space of information
components, each of which contains aggregated information
about the technical condition of the object to be diagnosed.
From a technical point of view, the g; component is the new
diagnostic parameter that characterizes the object to be diag-
nosed. The G component set contains a set of diagnostic pa-
rameters, each containing maximum information about one
of the technical aspects of OD, in this case, the parameters
are minimally related. The set of G components can be used
for further analysis to determine the technical condition, for
diagnostics, and estimating the residual resource.

Mathematically, converting the original set of diagnostic
parameters into a set of diagnostic components is carried out
by the linear transformations of inputs to the new normalized
features. The new set of diagnostic features contains, in this
case, a set of normalized and non-correlated components.

Let us designate a set of original diagnostic features
through X :{x”}:;, x,€ RP. The goal of reducing dimen-
sionality is to obtain, based on the original set of diag-
nostic parameters, a new set of diagnostic components
G={g, }::1, g€ R?, where d<<D. The original set of fea-
tures X:{Jcn}::1 is the N-dimensional «point cloud».
Using factor analysis methods, it is required to find planes
passing through the center of gravity of the «cloud» so that
the sum of the squares of distances from all points to these
planes is minimal. When using a principal components anal-
ysis, the planes are selected from the condition of maximizing
variance in one direction. To obtain the set of diagnostic
components, it is necessary to:

— normalize initial data;

— find the correlation matrix 7;

— find the eigen numbers and eigenvectors of matrix 7;

— order the eigenvectors and eigen numbers from maxi-
mum to minimum.



The process of obtaining the set of diagnostic compo-
nents G is iterative. The first step would determine the
plane relative to which the variance of the original diagnostic
parameters is maximum. The next steps select the following
planes, relative to which the variance of the remaining param-
eters is maximum, while the resulting diagnostic components
do not correlate with each other. Upon solving the problem,
the number of components to be received would equal the
original number of diagnostic features. However, there is no
point in using all N components. The choice of a sufficient
number of diagnostic components is based on the scree test
criterion [24]. The proposed criterion is analyzed graphically.
The essence of using the scree test criterion is to determine
the number of a component for which the decline in the fac-
tors’ eigenvalues slows down in the most intensive way.

The result of using the scree test criterion is the derived
M-dimensional set of diagnostic components G, each of
which contains the maximum information about the condi-
tion of the object and characterizes different aspects of the
object to be diagnosed.

The original diagnostic component includes N parameters:

)

where x; is the value of a diagnostic parameter; a; is the factor
load on a parameter; N is the dimensionality of the original
set of diagnostic parameters.

Significant M diagnostic components are determined
from formula (6):

M
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(6)

where M is the number of significant components defined
from the scree test.

The contribution (informativeness) of the x; parameter
is greater, the greater the absolute value of |a}. The a; factor
load sign indicates the direction of change in the original
diagnostic parameter x; relative to the main component axis.
The number of initial diagnostic parameters x; that are part of
each component is determined based on the factor load values
of the parameters and the physical sense of the parameters.

5. Results of the formation of diagnostic parameters for
locomotive nodes

5. 1. Reducing the dimensionality of the set of diagnos-
tic parameters

Bench tests of hydraulic transmissions such as
UGP750/12000 have been selected as the object of research
using the proposed approach to form the diagnostic features
of locomotive nodes. After a major repair, hydraulic transmis-
sion is tested at a specialized bench; a series of control param-
eters are measured during the tests. The specifications of the
testing equipment, the procedure of treating and analyzing
the results are given in papers [25-27].

The results from the bench tests of 10 hydraulic transmis-
sions have been analyzed. The following diagnostic parame-
ters were registered during the tests: the voltage U, and the
armature current I, of the drive electric motor; the voltage
Ugen and the armature current I, of the load electric motor.
For a hydraulic transmission, the input parameters are the
rotation frequency w,, and the torque M, of the drive elec-
tric motor; the rotation frequency w,; and the torque of the
pumping wheel M,;. The output parameters of the hydraulic
transmission during tests are the rotation frequency w,; and
the torque of the turbine wheel M, which corresponds to
the rotation frequency and the torque of the load generator
armature. The temperature of the oil at the input ¢,, and
output fy, of the hydraulic transmission, the temperature
tyr and pressure of oil pysin the hydraulic apparatus are also
registered. In addition, the estimation parameters were taken
into consideration. The power of the drive electric motor P,
and the power of the load generator P,,. The ratio of the oil
temperature in the hydraulic apparatus to the power of the
generator tf/Pge,. The transmission ratio of rotational fre-
quencies of the turbine w, and pumping wheels ;.

The results of treating the data set on the hydraulic
transmission tests using the proposed procedure are given
in Tables 1, 2. Examples include calculations for one hydrau-
lic transmission.

Table 1 gives the amount of information for each com-
ponent. When using the scree test criterion, 3 components
{g1, &2, g3} would suffice to describe the technical condition of
the hydraulic transmission on the bench. In total, these three
components contain 90 % of the original information.

Table 2 gives the values of factor loads of diagnostic pa-
rameters ay, ..., ay4 for the first three components.

The calculated factor loads of diagnostic parameters are
used to form latent diagnostic parameters. When selecting
the number of diagnostic parameters that make up the com-
ponent, we consider the value of the factor load taken by the
module. Select the parameters that have the greatest factor
load in each component. For example, for component 1, we
choose generator voltage, generator current, pressure in the
hydraulic apparatus.

3. 2. Choosing the number of diagnostic parameters
enough to maintain the predefined amount of information

The results of our calculation of the components’ in-
formativeness for one hydraulic transmission the type of
UGP 750/1200 are shown in Fig. 1. Based on the calculation
results (Fig. 1 and Table 1), we can conclude that the techni-
cal condition of the hydraulic transmission in bench tests can
be described with the help of three components. The amount
of information contained in the first three components of
other hydraulic transmissions of the same type is in the range
of 86 to 92 %.

Determining the number of components enough to de-
scribe a technical condition implies taking into consideration
the possibility of interpreting the technical aspects reflected
by the components. In a given example, three components are
accepted. If only the first two components are used, 82 % of the
original information would be available for further analysis.

Table 1
The informativeness of components G={gj...g14}
Component number 1 2 3 4 5 6 7 8 9 10 11 12 13 14
Informativeness, % 546 | 276 79 33 2.0 1.5 1.2 0.9 0.3 0.3 0.2 0.1 0.1 0.1




Table 2

Diagnostic parameters factor loads

Parameter Component 1 Component 2 Component 3
Drive motor voltage, U,, —0.0745 -0.0068 —0.4637
Drive engine current, I,, 0.0467 0.2385 —0.4752
Generator voltage, Ug, 0.3519 0.1553 —0.0449
Generator current, Jg, -0.8122 0.1895 0.0621
Drive engine rotation frequency, w,, —0.0092 0.0069 —0.2026
Pump wheel rotation frequency, w,; 0.0065 0.0060 -0.0202
Turbine wheel rotation frequency, @, 0.0499 0.0024 —0.0758
Oil temperature in hydraulic apparatus, ¢,/ 0.2238 0.512 0.2016
Oil pressure in hydraulic apparatus, p.s —0.3281 0.1709 —0.3606
Oil temperature at the transmission input, ¢, 0.0943 0.5504 0.0263
Oil temperature at the transmission output, £y, 0.0280 0.5288 0.2399
Generator power Py, 0.1297 -0.0622 -0.0072
Drive motor power, P, —0.0053 —0.0085 —0.0844
The ratio of oil temperature to pressure in the hydraulic apparatus, ¢/ Peen 0.1476 —-0.0018 0.2662
The ratio of the turbine wheel speed to the pump wheel speed w,;/w; —-0.0057 0.0213 0.0081
Determining the number of components enough to monitor the technical condition of a
hydraulic transmission
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Fig. 1. Determining the number of components enough to monitor the technical condition of a hydraulic
transmission during bench tests

5. 3. Constructing a set of non-correlated latent diag-
nostic parameters

The factor loads of the tested hydraulic transmissions are
distributed similarly to Table 2. The greatest factor load in
the first component is on the following parameters: the volt-
age Ug, and the armature current Iy, of the loading electric
motor; oil pressure in the hydraulic apparatus py. The diag-
nostic parameters that make up the first component charac-
terize the load on a hydraulic transmission during the testing
process. Thus, the first component «load» characterizes the
response of the hydraulic transmission to the load during
the tests. The second component includes such parameters
as the temperature of oil at the input ¢,, and output ¢,,; of
the hydraulic transmission; the temperature of oil in the hy-
draulic apparatus ¢.s. These three quantities characterize the
value of hydraulic transmission loss during tests. The second
component can be conventionally called «loss»; it indirectly
characterizes the efficiency of transmission. The third com-
ponent «input» characterizes the power of the drive engine;

it includes the voltage U, and the armature current I, of the
drive electric motor.

Thus, the application of a principal components analysis
has produced three latent diagnostic features: load, loss,
input. The values of these features can be determined us-
ing (5). For the hydraulic transmission in question, using
an example of Table 2, the component equations take the
following form:

load =0.3519-U,,, —0.8122-1,, ~0.3281- p, ,,

losses =0.512-¢,, —0.5504 ¢, —0.5288-1,,,, (7)

tcf

input =—-0.4637-U, —0.4752-1 .

The components’ numerical values are dimensionless
quantities. Using the values of components and factor loads,
the technical condition of hydraulic transmissions is com-
pared and evaluated during the bench tests.



6. Discussion of results of forming the diagnostic
parameters using a principal components analysis

The key point of our study is the use of a principal com-
ponents analysis as one of the methods to reduce dimensio-
nality, to highlight the most informative components from
the original set of diagnostic parameters. The concept of
a <latent diagnostic parameter» has been introduced in the
technical diagnostics of locomotive nodes. The process of
forming latent diagnostic parameters involves the following
basic stages:

1. Convert the original set of diagnostic parameters
X={x1, X9, X3, ..., x,} into a set of diagnostic components
G={g1, &, &3, ..., &x}. The conversion implies using a princi-
pal components analysis.

2. Based on the calculated factor loads, we derive a set of
linear equations for each principal component, represented
by expression (6).

3. The scree test method is used to determine the suf-
ficient number of diagnostic components. Employing this
approach reduces the dimensionality of the set of diagnostic
parameters while maintaining the predefined amount of in-
formation about the condition of the object. An example of
using the method is shown in Fig. 1. The equations of latent
diagnostic parameters are described by expressions (6).

A special feature of the proposed approach, unlike other
methods, is that the resulting latent diagnostic parameters
do not correlate with each other. Thus, they make it possible
to characterize the object to be diagnosed from different
technical sides. Tables 1, 2 give the results of the calculation,
which produced such latent diagnostic parameters as load,
losses, and input.

The main limitation of the use of a principal components
analysis and the proposed approach to forming latent diag-
nostic parameters is the approximation of the original set of
parameters by straight lines and planes. If the original set
of diagnostic features is better approximated by non-linear
dependences, the effectiveness of the proposed approach is
reduced. In this case, it is rational to use the principal ma-
nifold method or a nonlinear principal component method.

The issue of determining the number of latent diagnostic
parameters (components) enough to preserve the predefined
amount of information is debatable. Fig. 1 shows a rationale
for choosing the number of components when diagnosing
a hydraulic transmission in a locomotive. The scree test
has been used to determine the number of latent diagnostic
parameters. Based on the experience of testing hydraulic
transmissions of this type, the application of three latent
diagnostic parameters makes it possible to retain from 86 to
92 % of the original information. As the percentage of the
original information to be saved increases, the number of
latent parameters rises. In this case, it is possible to include
some non-informative components that could complicate the
interpretation of the results. Reducing the number of latent

diagnostic parameters would lead to a decrease in the accu-
racy of diagnosing. The final decision on the specified level
of keeping the original data can be made on the basis of ana-
lysis of the components’ factor loads and technical interpre-
tation of the results.

As a continuation of this study, it is planned to apply the
proposed approach to analyze the diagnostic information
about the locomotive in general. And when designing auto-
mated expert systems to categorize the technical conditions
of objects to be diagnosed. The resulting component values
can be used for further processing using clustering methods,
regression analysis to predict changes in technical condition
and determine the residual resource.

Further research aims to investigate the relationship bet-
ween the factor loads of the parameters included in compo-
nents and the degree of informativeness of diagnostic compo-
nents and a hydraulic transmission technical condition. The
proposed technique could be used in the analysis of the test
results and for diagnosing other locomotive nodes.

7. Conclusions

1. Based on the application of a principal components
analysis, a technique to reduce the dimensionality of the set
of diagnostic parameters has been proposed. Using a princi-
pal components analysis has made it possible to distinguish 8
most informative diagnostic parameters from the original set
of 14 parameters.

2. The original diagnostic parameters were combined on
the basis of the values of factor loads of parameters in each
principal component. The application of a scree test has
enabled the selection of a sufficient number of diagnostic
components. Three diagnostic components are recommen-
ded to preserve information about the technical condition of
a hydraulic transmission during bench tests.

3. We have introduced the concept of a latent diagnos-
tic parameter for a hydraulic transmission — a parameter
derived from combining several interconnected quantities.
The special feature of latent diagnostic parameters is that
the parameters are minimally correlated with each other
and, at the same time, make it possible to assess the condi-
tion of the object to be diagnosed from different technical
perspectives. Based on factor load values, three latent di-
agnostic parameters «loss,» «load», and «input» have been
formed. We determined the values of the latent diagnostic
parameters using the 8 most informative diagnostic param-
eters; the resulting latent parameters contain 90 % of the
original information. The largest amount of information
about the technical condition of a hydraulic transmission
during bench tests is contained in the «load» parame-
ter (54.6 %), the «loss» parameter contains 27.6 % of the
information, the «input» parameter accounts for 7.87 % of
the original information.
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