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Abstract

To increase the efficiency of technique use in forestry and wood-producing companies, individual 
information on their technical condition is needed before and after servicing, repairing and during operation. 
A means of obtaining such information is the technical diagnostics of the machines. Diagnostic parameters 
should be sensitive, unambiguous, stable and informative.
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INTRODUCTION

Individual information on machine technical condition is needed before and after 
servicing, repairing and during operation in order to increase the efficiency of its use 
in forestry and wood-producing companies. It is necessary to obtain the information 
received without disassembling of mechanisms and aggregates, as well as to control the 
quality of the performed repairs (Mihov, 2012; Mihov et al., 2014; Georgieva et al., 
2014). The tool of receiving such information is the technical diagnostics of machines.

MATERIALS AND METHODS

To ensure the necessary reliability and economy of machine diagnostics, the 
diagnostic parameters must be sensitive, unambiguous, stable and informative (Fig.1).

A) The sensitivity Kr of the diagnostic parameter D is expressed by the increase 
of ∆D at the change of the diagnostic parameter ∆U of the technical condition and will 
be Кr=

dU

dD
. 

 

B) Diagnostic parameter uniqueness means the absence of extreme (
dU

dD
=0)  in 

the range from the initial value Un to the limit Up value of the technical state parameter.

C) The stability of diagnostic parameter is determined by the variation in its 
alue at the multiple measurement of the object of diagnosis and the magnitude of the 
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average square deviation of the corresponding structural parameter (Mihov et al., 2014; 
Ivanova et al., 2014; Ivanova et al., 2016): 
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where n is the number of measurements of the i-th diagnostic parameter. 
The instability of the diagnostic parameter reduces its functional sensitivity. 

Therefore, to assess the tightness of the diagnostic parameter relation to the structural 

parameter we use the relation: К /

r
=

uD

r

S

K
. 

D) Informative is one of the most important properties of the diagnostic 
parameter. It characterizes the reliability of the diagnosis obtained as a result of measuring 
the values of the diagnostic parameter.

In case of general diagnosis, when the faults in the object as a whole are detected, 
the informative is determined by the joint analysis of distribution densities of the 
meanings of parameters and corresponding to the correct and not correct condition of 
the object (Fig. 2). Obviously, the smaller the degree of ‘overlap’ of the distributions, 

Fig. 1. Characteristics of the diagnostic parameters: D
-
 the 

mathematical expectation characterizing the stability of 
the parameter D

1
; /∆D/∆U sensitivity of the parameter 

D
2
; A-extremum characterized by the nonuniformity of 

the parameter D
3
 in the range Un-Up; Un and Up are 

respectively the initial and the boundary meanings of the 
structural parameter

Fig. 2. Scheme expressing the comparative 
information of the diagnostic parameters: 

a) informative parameter (D); b) little 
informative parameter (D/)] c) no informative 
parameter (D//); f

1
 and f

2
 are the distribution 

functions, respectively, of the faulty and non-
defective elements
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the less wrong will be the diagnosis of the object state according to the given diagnostic 
parameter, i.e. so is more informative.

Thus, the parameter D shown in Fig. 2 is sufficiently informative, at the same time 
the parameter D // is not informative (the distributions practically do not differ) and the 
parameter D/ takes the intermediate position.

RESULTS AND DISCUSSION

For quantification of informative in the case under consideration, it is necessary to 
calculate the size of the ‘overlapping area’, i.e. the probability of error in diagnostics. This 
magnitude will be as small as the values of parameters D

1
 and D

2
 for the faulty and non-faulty 

state of the object and as smaller as the distraction of the parameter values for each condition 
is. That is why the following dimension can be used for assessment of the informative:

I(D)
21

21

SS

DD

−

−
≈ .

The higher the readability of the diagnostic parameter, the higher the magnitude 
of the uncertainty of the state of the object being diagnosed using the given diagnostic 
parameter.

In order to determine the technical condition of the machines (tractors and cars), 
it is necessary to compare the current value of the diagnostic parameter measured with 
external or built-in diagnostic tools with the normative values of the diagnostic parameter.

The quantitative assessment of the technical condition of the object according 
to the results of measurement of the current values of the diagnostic parameters is the 
necessary diagnostic norms. They include (Fig. 3): the initial/or the nominal value of 

Fig. 3. Diagram for formation of the diagnostic norms (implementation of the diagnostic parameter D 
is linear): 1 – zone before the failure state, providing an optimal risk of failure, 2 – a reserve of proper 

work corresponding to the diagnostic period of work, 3 Zone of functional, efficient Status A-Prophylaxis 
(Notice of failure)/; B- Failure T

d
-Set periodicity of planed Diagnosis
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the diagnostic parameter, D
n
, the limit value of the diagnostic parameter D

p
 and the 

admissible value of the diagnostic parameter D
d
 at a scheduled planning periodicity t

d
.

The permissible value of the technical condition parameter is a value that still 
provides faultless operation of the object at high techno-economic performance, without 
maintenance service responses providing a operational state of the object to the next 
scheduled control diagnosis.

Normal status parameter values are such parameter values that do not go beyond 
the limit values.

The boundary value of the condition parameter is such a value that further use of 
the object as intended is unacceptable due to a sharp increase in wear and lowering the 
efficiency of the object (Mihov et al., 2014; Ivanova et al., 2014).

The boundary value of the parameters is determined by different criteria:
Technical – characterizes the change in the technical condition of the object and 

covers the parameters that determine its functioning, intensity of use and aging, i.e. 
states in which degradation of the parts is observed or an increase in the likelihood of 
their degradation, for example increasing the gap in the compounds to the occurrence of 
knocking, noise, vibration, leakage, etc .;

Technological – technical condition of the object is assessed on the change of the 
basic output parameters of the technological processes;

Economic – technical condition of the object is estimated by economic indicators, 
for example excessive wear on the piston-cylinder group results in a sharp increase in oil 
and fuel costs and increased repair costs over previous service periods;

Ergonomic – technical state of the objectives is assessed by its effects on the 
human being, such as vibration, illumination, safety, noise level, etc.;

Aesthetical – characterizes the object’s outlook change and its perception by man;
Ecological – characterizes the impact of the object on the environment. For 

example, toxicity of exhaust gases, soil, water and air pollution, etc.
The main purpose of the diagnostic norms is to determine the effectiveness of the 

object at a given time by comparing the measured value U (t) with the limit one U
p
 and 

forecasting its operational capacity.

CONCLUSIONS

It has been grounded that diagnostic parameters must be sensitive, unambiguous, 
stable and informative in order to provide the necessary reliability and cost-effectiveness 
of machine diagnostics.

The main concepts related to the diagnostic norms/the implementation of the 
diagnostic parameter/have been introduced.

It has been determined which criteria are used to establish the limit values of the 
parameters: technical, technological; economic, ergonomic, aesthetic, ecological.
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