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Summary. The paper presents the results of tests on two tractor 

tyres with different designs and external dimensions; these tyres 

were tested on farming surfaces with various properties. The 

tests were carried out using a stand operating with a farm tractor. 

Changes in traction properties were evaluated; values of forces 

were analysed, and the balance of power on the tested wheels 

was established. It was demonstrated that the two tyres reacted 

in different ways to the change of surface.

Key words: -

ing resistance, power balance

INTRODUCTION

Farm tractors are the main sources of pulling energy in 

farming. Currently, a substantial group includes multi-pur-

pose tractors with lower pulling classes, one superior feature 

of these vehicles is variety of application. Such tractors can 

-

tation work, quite often they are also used in other special 

purpose tasks. 

The consequence of farm tractor versatility is the fact 

that they are used on differentiated surfaces with various 

properties. The manner of utilisation is connected with dif-

ferent conditions of interaction between the vehicle wheels 

and the surface. On more deformable surfaces, a bigger im-

mersion of the wheel will occur, as a result of which traction 

force will be transferred by shearing of the top layer of the 

surface. On the other hand, on less deformable surfaces, 

where immersion of the wheel is limited, the phenomenon 

of friction will prevail during transfer of traction force [15, 

22, 25]. It should be mentioned that for economic reasons 

multi-purpose farm tractors are usually equipped with one 

set of tyres – tyres are not replaced when the type of surface 

changes. It is reasonable to ask the question: what type of 

tyres will be optimal for the multi-purpose farm tractor?

In the literature, studies discussing compatibility of 

farm vehicle tyres with surfaces of various properties 

can be found. It was proven that on surfaces with low-

er strength, greater amounts of wheel rolling resistance 

and slip occurred, and as a consequence greater losses 

power on the outlet and intake of the wheel/surface sys-

tem, but does not show with what phenomena losses in 

it seems reasonable to carry out power balancing which 

will describe in detail what proportion of power is used in 

the form of pulling force and how much power is lost to 

rolling resistance and wheel slip [24]. Until now, this issue 

It is reasonable to examine it with respect to various tyres 

on different surfaces.

The causes presented in the introduction led to the un-

dertaking of tests the objectives of which were to:

– determine and compare the values of traction force, 

of wheels provided with different tyres,

– analyse changes of tractive properties as a result of 

changes of surface type,

– determine the power of wheels provided with the tested 

tyres on different surfaces based on the completed en-

ergy balance.

Two tyres were accepted for testing differing both in 

internal design and external dimensions. One common fea-

producer of both tyres. The basic parameters of the tested 

tyres are presented in Table 1.
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Ta b l e  1 .  Parameters of tyres accepted for testing

Tyre 
Design

diameter [mm]

Width 

[mm]

Height of tread 

protrusions

[mm]
[kg]

pressure

11.2R24 radial 285 1215

diagonal 785 25

11.2R24 was characterized by greater external diameter 

and height of tread protrusions, but lesser width. During 

testing, one level of static vertical load of wheels was used 

-

dictated by the fact that it is typical for the multi-purpose 

nature of the farm tractor operation. 

Following acceptance of the concept, the tests were 

performed on two surfaces with different properties. The 

one – ground forest road. The conditions of both surfaces 

were characterized on the basis of conducted measurements 

of moisture, compactness and shearing stresses. The results 

of these measurements are presented in table 2; the values 

of compactness and shearing stresses were established us-

ing mean values calculated for the measurement depth of 

Ta b l e  2 .  Parameters of the tested surfaces

Surface

Parameter

moisture

[%]

compactness shearing stresses 

[kPa]

Stubble

7

Tests of tractive properties were conducted using a spe-

cialist stand suitable for operation with a farm tractor, class 

Fig. 1. Scheme of the stand for testing tractive properties (de-

scription in the text)

(2). Drive for the tested wheel mounted on the shaft (8) was 

obtained from the power take-off of the tractor (1) through 

-

was located between the front and rear parts of the frame. 

-

ment of the actual distance, a potentiometric sensor placed 

near the additional wheel (11) was used, and the theoretical 

distance was determined using a sensor (12) placed near 

transmitted to an electronic registering unit operating with 

a portable computer.

Testing of traction properties consisted in transmitting 

drive to the tested wheel and setting the stand and the 

tractor in motion together. During driving, data measured 

part of the measurement, the stand was braked using the 

as a result a full range of slipping for the tested wheel 

was obtained.

wheels and values of traction force, pulling force and trac-
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1100 , [1]
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T
r

M
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HTf PPP

100r
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H , [4]

where:

 – wheel slip [%],

sR – actual distance of the wheel [m],

sT – theoretical distance of the wheel [m],

PT  – traction force [N],

MO – wheel torque [Nm],

rD – dynamic radius of the wheel [m],

Pf – rolling resistance [N],

PH – pulling force [N],
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The value of dynamic radius (rD) was determined based 

on the measured value of the distance covered by the wheel 

during ten full rotations.

Power balancing of wheels equipped with the tested 

tyres was carried out based on values determined according 

NNNN fHk
, [5]

RHH vPN

Rff vPN , [7]

D

T

T

R

DT
r

vv
rPN , [8]

D

T

T
r

v

where:

Nk – power supplied to the wheel (total) [W],

NH – pulling power [W],

Nf – power lost to overcome rolling resistance [W],

 – power lost to slipping [W],

vR – actual velocity (ratio of actual distance to measurement 

time) [ms-1],

vT – theoretical velocity (ratio of theoretical distance to 

measurement time) [ms-1].

Figure 2 presents the courses of traction force as a func-

tion of slipping of wheels equipped with the tested tyres, on 

both types of surface.

Fig. 2. Courses of traction force of the tested tyres on both tested 

surfaces as a function of wheel slip

-

tion force within the entire slip range considered concerned 

tyre 11.2R24 on the stubble. The greatest growth of this 

The value of traction force for tyre 11.2R24 on the road and 

the road; in this case, the lowest growth of traction force 

with low slip values was also recorded. To some extent, the 

courses obtained relates to results presented in the literature. 

It was shown that traction force increases at the highest rate 

the values of the traction force of tyres with different diam-

eters is associated with more deformable surfaces, which is 

Since traction force is the sum of pulling force and roll-

ing resistance, it is reasonable to present the proportions of 

these components. The summary of mean values of these 

Fig. 3. Summary of mean values of pulling force and rolling 

resistance for the tested tyres on both surfaces with slips within 

force PH  is traction force PT)

The analysis of the above summary allows us to con-

clude that both tyres on various surfaces were characterized 

by similar values of pulling force (relative difference did 

not exceed 5%). However, differences in the values of roll-

ing resistance were larger. On both surfaces, higher values 

of this parameter were obtained by tyre 11.2R14, for this 

tyre also a higher change in rolling resistance as a result

of changing the surface type was observed. Tyre 11.2R24 

had smaller width so it should be assumed that the higher 

rolling resistance is the effect of its greater immersion in 

the surface. In all cases, values of rolling resistance were 

higher than values of pulling force – this situation was con-

nected to the method of conducting the measurement; the 

resistance of motion of the entire stand consisted of rolling 

resistance of the tested wheel and rolling resistance of the 

tractor wheels within which the stand was operating. The 

results presented correspond with the results of other re-

searchers; it was proven that higher values of traction force 

(that is the sum of pulling force and rolling resistance) were 

also highlighted that on less resistant surfaces, the values of 

results of the completed tests. 

with traction force, it was presented as a function of slip – 

the courses are presented in Figure 4.

While analysing the above courses, it can be observed 

highest values and growths of the analysed parameter appear 

-
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ciency concerned tyre 11.2R24 on the stubble, and the lowest 

on the stubble were caused by higher deformability of this 

surface, and as a consequence higher rolling resistance. In ad-

this tyre on the stubble was higher. The character of changes 

presented in the literature; it was proven that the highest 

occurred were higher than in the obtained test results [17, 

18]. It was also demonstrated that tyres with larger external 

-

-

scribe accurately the type of energy losses that dominate in 

the wheel/surface system. Hence it is reasonable to perform 

energy balancing which will show what part of the power 

supplied to the wheel is used in the form of pulling force and 

what parts of power are lost to rolling resistance and wheel 

slip. Figure 5 illustrates courses of power as a function of 

slip on the stubble.

-

cluded that the character of changes in individual powers as 

a function of slip was similar for both wheels, however the 

values of these powers made the difference. Higher values 

of power were achieved by the wheel with tyre 11.2R24. 

increases in pulling power, power lost to rolling resistance 

pulling power and power lost to rolling resistance showed 

small changes and lack of growth. In both cases, power lost 

to slip was showed growth proportional to slip, and for the 

noticed after exceeding 15% slip. 

slip on the ground road. 

-

ter of courses is slightly different than in the case described 

5 15 25
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Fig. 4. 

tested surfaces as a function of wheel slip
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were lower than on the stubble. The highest increases in 

total power, pulling power and power lost to rolling resist-

rolling resistance were maintained at a similar level, when 

slip was higher, higher values related to power lost to rolling 

resistance. Power lost to slip for both wheels showed growth 

proportional to the growth of slip, a slightly higher growth 

rate was recorded for the wheel with tyre 11.2R24.

The character of changes in power as a function of slip 

is similar to other test results. It was proven that the greatest 

increase in pulling power, power lost to rolling resistance 

and total power occurred at low slips, after which the courses 

was stabilized, the character of changes in power lost to slip 

In order to determine differences between values of indi-

vidual powers, mean values of these calculated for slip within 

this summary, higher values of total power occurred for the 

wheel with tyre 11.2R24. For both wheels, higher demand for 

total power appeared on the stubble, and for the wheel with 

tyre 11.2R24 the difference in the values of power on the two 

surfaces was higher than for the other wheel. This situation is 

probably connected with a different degree of deformability 

for the two tested surfaces and as a consequence different 

can be the fact that the greatest differences concerned only 

power lost to wheel rolling resistance.

Since the values of total power presented above differed, 

comparison of the two wheels on the tested surfaces required 

presentation of the shares of individual powers in total pow-

er. Such summary is illustrated in Figure 8.

proportions of shares of power for the two tyres were dif-

ferent; there was also dissimilarity with respect to various 

surfaces. The highest shares of pulling for both wheels oc-

curred on the ground road, and the lowest share of this power 

occurred for the wheel with tyre 11.2R24 on the stubble. In 

this case, the highest share of power lost to rolling resistance 

was also observed. Furthermore, it can be observed that 

shares of individual powers as a result of change of surface 

type. Different proportions of power shares on individual 

surfaces are probably connected with the different degrees 

of deformability of these surfaces and different values of 

wheels to the change of surface type can be the result of 

was characterized by greater width, hence its immersion 

effect could be smaller than for tyre 11.2R24. Similar values 

regarding shares of power lost to slipping for both wheels 

can be caused by a similar design of tread.

The obtained results were processed using statistical 

analysis. Since the requirement regarding applicability of 

-

accepting the hypothesis that the given factor lacks an essential 

-

el, this hypothesis will be rejected (the factor has an essential 

pulling force and power lost to slipping was found.

The obtained results enabled formulation of the follow-

ing conclusions:

1. The tyres reacted to the change of surface in different 

ways; larger differences in traction properties on differ-

ent surfaces were present for tyre 11.2R24.

on the ground road which was the result of the lesser 

tendency of this surface to deform, and as a consequence

lower rolling resistance.

41
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Ta b l e  2 .  Results of statistical analysis (p – probability level)

Factor
P

H
P

f
P

T
N

k
N

H
N

f
N

Surface type

Tyre design

Fig. 7. Summary of mean power values calculated for slip within Fig. 8. Summary of shares of pulling power and lost power in 

total power



8

surface were similar, therefore different values of trac-

tion force were determined by different values of rolling 

resistance.

-

ciency and higher demand for power compared to tyre 

shares of individual powers as a result of the change of 

surface also occurred.
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Summary. The study presents the results of tests concerning 

the traction properties of driving tyres with radial and diagonal 

design on soil covered with turf differing by composition of plant 

species. It was shown that composition of plant species on the 

tested grounds had an effect on the traction forces and rolling 

resistance of tested tyres. Tyre 11.2R24 was characterised by 

effect of the various compositions of species in the soil on the 

demand for pulling power and power lost on wheel slip compared 

with tyre 11.2R24.

Key words: tractive abilities, driving tyre, power balance, soil 

covered with turf.

INTRODUCTION

Farming activities are connected with the operation of 

technical equipment on various types of soil. The character-

istic properties of a given soil determine the tractive abilities 

of the vehicle, that is, the possibility of moving on it without 

deformable grounds which should transfer regular forces 

resulting from the weight of the vehicle and static forces 

connected with the applied driving torque of the wheel and 

-

clude soil covered with turf. The research on turf conducted 

thus far concerns mainly its reaction to intensive utilisation. 

Changes are shown in the aboveground parts of plants, their 

root systems and soil environment [4, 14]. 

It should be stated that the mechanical and traction prop-

are analysed, slip of driving wheels is measured, an energy 

balance of the driving wheel – soil system is conducted. 

on soil. In order to minimize unfavourable changes in soil 

-

in publications indicates a considerable amount of organic 

matter covering the soil and the presence of root system of 

plants. This may have an effect on the tractive abilities of 

a farming tractor interacting with it. It is also worthwhile 

adding that tractors working on meadows and pastures in 

most cases are not equipped with special “grass” type tyres. 

Use of conventional driving tyres involves the possibility 

of damaging plants and the appearance of ruts which are 

usage of these tyres is so common and replacement of them 

with special tyres is connected with additional costs, the 

question arises whether other technical solutions limiting 

the unfavourable phenomena mentioned above are possible? 

Can such a solution be the replacement of driving tyres of 

diagonal design with tyres of radial design? The advantages 

The analysis of issues connected with traction of farming 

tractors was the reason for which the research was under-

taken, the objective of which was to:

-

rolling resistance for tyres of different designs.

with different composition of plant species.

for wheels equipped with the tested tyres for the assumed 



Sciences. The soil on which the research was conducted 

was proper alluvial soil made of strong sandy loan. In site 

I and II a mixture of meadow plants, and in site III and 

of species and percentage share of individual mixtures are 

presented in Table 1.

Ta b l e  1 .  Composition of species and percentage share of 

sown mixtures

Name of species Share [%]

Perennial ryegrass Licampo

Limosa

Timothy grass Lischka

Red clover Nike

White clover Hula

Smooth meadow grass Bila

Pasture mixture

Italian ryegrass Livictory 15

Licampo 45

Limosa

Timothy grass Lischka

In site I and II, the standard of seed sowing was equal 

mineral fertilization was used, no pasturage of animals was 

carried out in the pasture sites. Directly before performance 

m and measurements characterizing the condition of the soil 

i.e. compactness of soil and maximum shear stresses were 

conducted, soil moisture was also determined.

For measurement of soil compactness, a penetrologger 

-
2, was used. The 

additional accessory of this device was the Theta Probe 

-

motion of the wheel, the values of pulling force, driving mo-

ment, theoretical and actual route of the tested wheel were 

registered. The obtained parameters allowed us to calculate 

the value of traction force, rolling resistance and tractive 

of the tested tyres was presented on the basis of calculated 

powers according to formulas 1-5:

NNNN fHk , (1)

RHH vPN , (2)

RHTf vPPN ,

T

T

R
DT

v
rPN , (4)

D

T
T

r

v
, (5)

where:

Nk – power supplied to the wheel [W],

NH – pulling power [W],

Nf – power used to overcome rolling resistance [W],

 – power lost on wheel slip [W],

PT- traction force [N],

PH- pulling force [N],

vR – actual route [m],

vT – theoretical route [m],

rD – dynamic radius of the wheel [m],

 – theoretic rotational speed of the tested wheel [s-1].

Table 2 presents the results of parameters characterizing 

stresses and soil compactness were read out for three depths 

measurement depth was concluded. In meadow sites (I and

analysed parameters versus pasture sites were recorded (soil 

moisture 18%). 

Ta b l e  2 .  

Site I Site II Site III

72 78 78

84 118

118 114

2.15 2.57 2.42

Figure 1 presents mean values of traction forces and 

-

that for this tyre no changes in this parameter within sites 

having the same composition of species were shown. Dif-

ferent standards of seed sowing did not have any effect on 

traction properties of this tyre. Tyre 11.2R24 made better 

of analysed parameters. Traction forces achieved differ-

this tyre was characterized by lower dynamics of changes 

which may indicate low sensitivity of this tyre to varying 

resistance for the tested tyres. These two parameters are 

components of the traction force presented above. For this 

tyre, pulling force remained at a comparable level, and 
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tyre may achieve better tractive abilities. 

larger surface of contact with the base enabled it to achieve 

greater pulling forces, however the values of rolling re-

sistance were (apart from site 1) higher than the generated 

pulling force. The obtained results are compliant with 

that design of the tyre had an effect on achieved tractive 

-

the tested sites. Detailed analysis of the power balance 

presented in this way allowed us to show what part of 

supplied power is used for pulling force and what part 

is lost on rolling resistance and wheel slip. It can be 

clearly concluded from the presented progresses that the 

character of changes in analysed powers is comparable 

for individual sites. Fast growth of power supplied to 

the wheel (Nk) was connected with overcoming initial 

resistance to motion, and then this power was stabilized 

for site 4 where proportional growth of its value in line 

with wheel slip is observed. In this site, a higher stand-

ard of seed sowing was used which resulted in higher 

thickness of turf coverage. If this condition is combined 

with higher values of strength parameters in this site, it 

can be assumed that the tyre of diagonal design caused 

more difficult immersion of tread projections as a result 

of which power lost on wheel slip increased with pulling 

power maintained at a comparable level. 
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Figure 4 presents progresses of individual powers in the 

function of slip for the wheel equipped with tyre 11.2R24 in 

the tested sites. The analysed tyre showed higher demand for 

increased pulling power. The power needed to overcome 

which for sites 1 and 2 allows pulling properties comparable 

This was probably connected with a higher adhesion co-

Presentation of the above progresses allowed evaluation 

of the range of changes in the analysed values, however in 

order to analyse the share of individual powers in total power 

supplied to the wheel, their percentage share was presented in 

-

the analysed sites had a lower value compared with the pulling 

force obtained by the radial tyre. Power lost on slip of this tyre 

in sites 1 and 2 also grew which was probably connected with 

the presence of white and red clover forming a considerable 

part of the organic matter reducing the adhesion of this tyre. 

In spite of lower demand for pulling power, tyre 11.2R24 

was able to generate higher pulling abilities which, however, 

took place at the expense of a greater share of power lost on 

rolling resistance. However, this was compensated for by 

lesser demand for power lost on wheel slip. 

-

position of the soil and the type of tyre used have an effect 

on generation of traction forces with different values. The 

tested tyres also showed different rolling resistance and 

Ta b l e  3 .  Results of statistical analysis (F – test value, p – 

probability)

Fac-
tor

Dependent variable

Traction force Rolling resistance

F p F p F p

Soil

Tyre

source: own study

The results of statistical analysis presented in table 4 

allowed it to be proved that both the type of soil and type 

of tyre used have an effect on total power supplied to the 

wheel. Different demand for pulling power, power of rolling 

resistance and power lost on slip were also shown.
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1. In the tested sites, the analysed tyres generated traction 

forces with different values. The completed analysis of 

components of these forces allowed us to conclude that 

tyre 11.2R24 showed better pulling abilities, but growth 

of rolling resistance occurred which resulted in lower 

2. No effect of species-related composition of soil on the 

11.2R24 achieved different pulling forces on turf with 

the same species-related composition but different seed 

sowing standards. Due to considerable stiffness resulting 

forces with comparable values.

-

es because higher losses of power on wheel slip occurred. 

Tyre 11.2R24 lost more power on rolling resistance, but 

its radial design allowed better use of the strength prop-

erties of the soil by reducing wheel slip power. 
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Factor

Dependent variable
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Summary. The importance of temperature measurements is sig-

is essential for the tasks to be performed by a product and for 

its compliance with requirements of applicable standards. The 

maintenance of determined temperature regime in individual 

production process phases is essential for the quality of obtained 

of sensors response to its change is also extremely important. 

The response time of temperature regulators and controllers 

depends on the time of sensor response.

The measurements of time constants for temperature sensors 

are time consuming and proper equipment and knowledge are 

also required for this purpose. It is rather unproblematic in case 

of piece production scale but in case of mass production it is nec-

measuring process and ensuring measurements repeatability. The 

solution presented in this study will make it possible to automate 

the process and to reduce the time of measurement. 

time constant from measuring system display. 

Key words: time constant, temperature, temperature sensor.

The system enabling the measurement of time constant 

The measurement system consists of a hydraulic assem-

-

the system elements and heats the whole circuit. The purpose 

– valve is closed. The latter opens in the second phase and 

sensor temperature change at sudden temperature change is 

triggered in this operation phase. Temperature changes are 

-

verters of microcontroller. Resistance changes are recorded 

is used to record the values of resistance vs. time. The re-

sistance is recorded as a WORD type variable in the table 

compiled and entered into the microcontroller memory in 

order to make it possible to determine three time constants 

time constants performs the analysis of recorded numerical 

value. The time elapsed between the system starting and 

occurrence of determined numerical values is determined 

on the basis of recorded measurement points (25 times /1s). 

Corresponding time constants measured by the system are 

-

verter is continuously analyzed by the microprocessor trig-

gering the measurement procedure when a positive change 

of sensor temperature is detected. 

measurement of water bath temperature and measuring cyl-

been used for temperatures measurements. The temperatures 

measurement makes it possible to determine the tempera-

ture unit step and to check its conformity with applicable 

standard [1, 5, 12].



time constant are displayed, electro – valve is closed, the 

and the fan is turned on in order to cool the system before 

the next measurement.

The system has been equipped with a function protect-

ing against an erroneous measurement (proper temperature 

difference, sensor not connected or damaged). In case of 

possibility of an erroneous measurement, the control system 

will make it impossible to turn on the system. Information 

Figure 2 illustrates the schematic diagram of an electron-

ic system performing the following functions:

– temperatures control in course of system operation;

– control of electro-valve operation,

– control of cooling fan operation,

– recording of resistance change vs. time,

– calculation of time constant value for the sensor under tests.

of a system monitoring the operation of the whole measuring 

system. Said microcontroller supports an instrumentation 

-

Completed measuring system has been tested in labo-

ratory conditions. The tests were carried out on several PT 

means of designed and completed system. 

Completed system has been used for testing of tem-

The measurements have been performed for more than ten 

sensors. The results of measurements for four (4) selected 

sensors have been presented in Table No 1. 

Ta b l e  1 .  

Item Sensor No 1 Sensor No 2 Sensor No 4

T [s] T [s] T [s] T [s]

1

2

4

5

7

8

Fig. 1. 
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The measurements presented in Table No 1 correspond 

to measurements performed manually by means of a stop 

watch and digital multimeter. The results of measurements 

-

microcontroller. 

The time constants for the transducers under tests are 

measured correctly by means of presented system designed 

-

ducers. Obtained results are conforming with the results 

-

tem) can be used in order to increase the accuracy and re-

peatability of measurements. 

There is a problem in the system being tested due to 

quick cooling of measuring cylinder. The cylinder consists 

of a copper tube characterized by good heat conductivity 

slows down the measuring cylinder process before the next 

required to complete next measurements.
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Summary. In the article the passively reserved system working 

in the mode  of gradual damages accumulation is considered. The 

rules of change of basic reliability indexes, such as the probability 

of faultless work and mean time of work till renunciation are set.

Key words. Readiness to work, mean work on a renunciation,

probability of faultless work, model of fail safety.

INTRODUCTION

Reservation is one of the most effective methods in in-

crease of reliability of the technical systems. Its wider use in 

engineering is restrained by the necessity of introduction of

additional elements (reserve parts), methods and availability 

of periodic regulations, and also the renewals of details’ 

working capability in the shape of regrinds, use of additional 

-

-

cally-reasonable recommendations on its effective use. This 

article is directed on the removal of the indicated defects.

Pre-condition for the establishment of main criteria of 

reliability of the passively reserved system are probabilities 

of its being in this or that expediently chosen state [5]. The 

sizes of such probabilities settle accounts in accordance with 

i
³ S , (1)

where:

(S)
i
(t) – the possibility of i-state in the transforma-

 – determinant of the equation system (7) [1] for the ob-

served unknown authenticity;

– basic determinant of the same equation system.

The choice of the state of the system and corresponding 

to its determinant are set in obedience to the established task 

of researches and oriented to one or another studied relia-

decision of the determinant which stands in the denominator 

of formula (1). Its size comes from the general extended 

matrix of the system of equalizations [1] and makes a basic

matrix which is written down as follows:
basic matrix which is written down as follows:

11'

'

'

S

S

SSSSS

S

S

.                       . (2)

a further decision in lowering [7].

of grade lowering, by means of algebraic transformations 

and bringing expressions over, we will get:

eSdScSbSaS 245 ,,
where:

where

.

;

;

;

;1

111111111

111111111

11111111

1111111111

11111

11111111111

111

d

b

If to ignore the values of intensities of refuses at triple and more multiplying,

If to ignore the values of intensities of refuses at triple 



expressions for determination of matrix decision. Then 

we get: for determination of matrix decision.

cbSaSS 2 .       

ratio (1) for determination of probability of fully capable
The numerator of ratio (1) for determination of prob-

ability of fully capable working state 
00

(S) comes from 

the basic matrix by the substitution of the column of free 

state. Then we have:

11'

'

'

1

1

S

S

SSSS

S

..

e get:

eSdScSbSaS

S

SSS

S
245

11111111

111111

111
2

111
4

2

2

.

However, this probability is obtained as a reflection in transformations

. (4)

it needs proper mathematical operations. Such transition 

becomes possible if to present the function of probability 

as a sum of vulgar fractions [2]:

,
5421 SS

E

SS

D

SS

C

SS

B

SS
S       , (5)

where:

A
00

, B
00

, C
00

, D
00

, E
00

– inserted unknown permanent values, 

S
1
, S

2
, S

3
, S

4
, S

5

way:
2 cbSaSS .

S S S and 

.

It is obvious, that S
1

S
2

S
3

S
3
 and S

4
– roots of 

the right part of the equation, situated in brackets according 

c
bb

S
22

5,4

For determination of the inserted additional permanent 

values we will make a comparison in the equivalence of 

numerators of expressions (4) and (5). When denominators 

are equal, the equivalence of polynomials of numerators is 

00 00 00
Z

00
 it is possible to write down the additional 

system from three equations:
additional system from three equations:

,

;

;1

54

11145

LS

SESD

where

where:

2 111111L

The received system is solved by the method.111

method of successive substitution.
The received system is solved by the method of suc-

cessive substitution. From the third equalization we will 

write down:

54SS

L
.

From the second equation we will get:

.

From the second equation we will get:From the second equation we will get:

11145 SSD ..

5

4
4111

S

S

L
S

D .

Thus, the permanent values of , D , E are obtained and

.

Thus, the permanent values of Z
00

, D
00

, E
00

 are obtained 

-

lace from the images to the originals. Then we have:

tSEtSDt 54 expexp .

Inserting the meanings of permanent values we can write downInserting the meanings of permanent values we can write 

down:

.exp1exp

1

5
54

4

4
4111

554

tS
SS

L
tS

S

L
S

SSS

L
t

       

the received result it is necessary to notice that the value

(7)

that the value of probability of P (t) is determined by three 

elements. Their signs depend on those components which 

are included in them, but the general value of probability 

must not exceed the unit that is the rationed condition. The 

analysis of the result is complicated by unknown ,  – char-

acteristics, included both directly into the formula (7) and 

into the substitution L, and also roots of S
4
 and S

5
. That’s why 

in this research it is possible to conduct only the preliminary 

quality analysis of the change of probability of the working 

-

nical system. It is obvious that independently of its sign the 

the value of the attended roots of S
4
 and S

5
 displacing general 

dependence of P
00

(t) upwards or downward on a y-axis.

The analysis of behavior of probability function for the 

shows that the increase of time diminishes the probability 

t .

the basis of the value of permanent
Or, it is possible on the basis of the value of permanent 

Z
00

which has been got before to write down:

.

2
1

111

111111
54SS

t

Thus, the conducted analysis set, that general character of changing
Thus, the conducted analysis set, that general character 

the passively dubbed system is described by a double ex-

ponential law. Its chart is presented in Fig. 1. The concrete 

Z

Z

Z

Z

Z
From the second equation we will get

Z

Z
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form of the curve is greatly dependent on the correlations 

and  which are descriptions included in the equalization. 

The double exponential dependence assists at deceleration 

of loss of capacity by the system while entering the dubbed 

element.

Fig. 1. Changing in the probability of the passively dubbed sys-

tem in fully capable working state from time of exploitation

Coming from the known determination of mean work 

on the refuse through the probability of faultless work [4] 

we can write down:

dtt .

task on determinat

.

In detail, to the solving task on determination of mean 

write down:

dttt
t

t

2

1

.

mean value of work on

.

For establishment of mean value of work on the refuse 

it is expedient to choose the time of domain t
2
 – t

1
, after 

the period of extra work of the system and its entrance in 

the mode of exploitation, when aging processes, related to 

the subsequent loss of capacity, begin gradually show the 

Putting the value of probability from the expression (7) 

we have:

From where:

(8)

For the quality analysis of result the possible depend-

built (8) on a general result, and the total curve of change of 

mean time of system staying in the fully capable working 

state of t00. The graphics is represented in Fig. 2.

Fig. 2. Dependence of changing of time of the system being 

exploitation:

resulting dependence

mean time of the system being in the fully capable working 

good condition, is gradually going down. It corresponds 

to the physical essence of the problem of the system’s 

research that it gets older losing the capacity while ex-

ploitation.

1. Passively dubbed technical system losing the capacity as 

a result of aging has the reliability indexes, depending 

on the time exploitation according to the  double expo-

nential law.

2. The maximally able value of probability of faultless 

work of the system, when both basic and dubbed ele-

value of this probability.

components, one of those depends on the time of ex-

ploitation, and two others change on exponent.
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Summary. The functionality of control system as well as the 

ergonomics and intuitiveness of its use are the essential factors, 

-

ship between system functionality, its ergonomic use and the 

system operator experience makes it possible to quickly adapt 

the parameters of recorded image to the needs in the scope of 

currently performed tasks associated with the observation of as-

cameras parameters to current needs in the scope of observation. 

The article presents the role of ergonomics of work stations 

-

platform enables the visualization of object status on the screen 

and the performance of pre-set control functions  in the form of 

procedures. Particular emphasis has been placed on the practical 

capabilities of such systems, operators’ work aiding, reduction 

of operation times in case of performance of a task associated 

Key words: control and supervision systems, video monitoring, 

-

agement processes ergonomics.

INTRODUCTION

of technical equipment used for property protection. Their 

basic task is to supply comprehensive information on the 

current condition of the protected area to the competent 

organizational sections in the object protection system in 

system in a manner ensuring that the information received by 

the user is as complete as possible and suitable to the needs 

at the point of time. The information can be associated with: 

-

safety level in the object being protected but also make it 

possible for competent organizational sections in the object 

as to eliminate thereof or to limit its impact on environment 

From presented tasks it appears that a monitoring sys-

tem shall enable the imaging for the largest possible area 

in order to perform its task. Therefore, the user is given the 

possibility of close observation of the object being protect-

ed. There are detailed and general surveillance zones in 

-

as. The detailed surveillance zones (particularly important 

importance in view of safety to be maintained in the object. 

In case of the occurrence of danger, the monitoring shall 

be commenced as soon as possible by means of maximum 

possible number of cameras. Rotary cameras controlled by 

means of special consoles with access to cameras functions 

and presets are applied in order to get to selected area. The 

settings of selected rotary camera are controlled by operator 

by means of a hardware console in order to correct the fol-

lowing parameters: positioning, inclination and zooming. In 

case of an excessive number of cameras in the system it is 

parameters, simultaneously tracking the object and properly 

responding to additional dangers occurring in the object. 

effectiveness and can even cause the system’s dysfunction. 

It is also associated with increased effort of the user during 

the system’s operation and with reduced comfort at work. 

The purpose of the present study is to draw the attention 

of algorithmic aiding on the work of system operator and 
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the reduction of its workload during the process control. 

The study presents the concept of an universal program 

to supervise selected observation zones and areas. The article 

presents the technical measures enabling the improvement 

of ergonomic features of the used system  by means of IT 

solutions. The scope of the study encompasses the pres-

entation and analysis of the technical measures enabling 

the improvement of the system use ergonomics by means 

of IT solutions. The attention was paid to the possibility of 

possible to limit the necessary activities of the user in course 

of the performance of its surveillance tasks in the object 

being protected. The essence of the algorithm consists in the 

accessible in the system. 

system operator consists in the achievement of assumed 

security goals. Particularly, the task of the operator is as-

sociated with the management of system elements settings 

-

operation correctness. The communication between the user 

and system is possible by means of a screen equipped with 

proper graphical interface. The working conditions at the 

-

course of work performed by the operator in order to avoid  

Therefore, the task of the person supervising the control 

to supervise the correctness of registration and control pro-

cess, to initiate individual phases, procedures and functions 

and to react in case of any abnormalities. This supervision 

is particularly characterized by continuous monitoring of 

instrument readings from images recorded by the cameras 

and by introduction of corrections in case of deviations from 

Computer-aided measuring, control and supervision 

system enables data acquisition, processing and their pres-

entation to operator through the performance of information 

and decision making subsystem tasks. The tasks performed 

by operator consist in monitoring of information occurring 

on imaging devices screens, in displaying of necessary in-

formation about process status, entering supplementary in-

formation, evaluation of existing situation, decision making 

and decision entry into computerized system. The operator’s 

work is aided by the correctly built system performing mo-

notonous repeating activities but the operator is not substi-

tuted in the decision making process. The system performs 

the algorithms and procedures associated with arduous and 

precisely determined tasks which may take the time of sys-

tem’s operator and divert his attention from the principal 

goal, i.e. safety management in the supervised object. The 

information exchange between the operator and system is 

possible by means of an extended hardware interface (in-

formation exchange technology component) supplemented 

work with an incorrectly designed interface can be arduous 

for the operator and can lead to errors and to non-compli-

ance with requirements in the scope of quality of performed 

tasks as a result of fatigue or stress perceived after a short 

period of time [12].

The correctness of decisions made by the operator de-

pends on possibility to receive the signals and ability to un-

control devices is to make it possible to perform the control 

-

ner through the optimized communication between man and 

technical system. The operator stations are usually equipped 

with multiple signalling and control devices. Their correct 

impact on the number of operator’s errors and his fatigue. 

Currently, control panels have been substituted by comput-

ers analyzing the data received from the sensors recording 

process parameters changes and presenting the information 

processing results to the operator or correcting the errors 

However, an appropriate manner of information visu-

alization and processes control method is required for op-

erations on synthetic data and processed information. The 

processes control should not be based upon the regulation 

of single (partial, detailed) parameters but in the form of 

determination of resulting (aggregated, total, general) pa-

rameters. However the partial parameters should be selected 

by means of optimizing computer programs. The structures 

of contemporary testing and measuring systems are charac-

terized by a trend toward the computerization and graphical 

has been observed in ergonomic features of the stations 

-

The requirements in the scope of system capability to 

cooperate with an operator are associated i.a. with the factors 

system, tasks to be performed in process control and from 

associated with man – machine interface design, impact of 

work station (station layout – i.a. ergonomic features of the 

devices and their spatial arrangement at the operator station, 

material environment conditions) and human factors associ-

ated with the operator’s load in course of work. Therefore, 

the compliance with requirements in the scope of working 

conditions may affect the capability of an industrial process 

control system with the operator [2].

The control room is the basic functional unit in the con-

trol centre and in its associated physical structure occupied 

by operators performing the functions encompassing the 

centralized control, supervision and guiding. The operator 

interface located in the vicinity of the equipment or system 

subjected to supervision and/ or control is called the local 
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The working conditions in the control room shall ensure 

the safety, human health protection and well being as well as 

the technical and economical effectiveness. The human fac-

tor, machine (hardware and software), working conditions 

and control functions should be considered in its entirety 

-

technology is their principal element. The cameras can be 

focal range and type of image (monochrome or colour) are 

cameras in view of their construction (Fig. 1): stationary 

cameras (compact and dome type) and cameras equipped 

to such features, the cameras can record images of various 

observation areas determined by the operator. The correc-

tions of rotary camera parameters and its setting are most 

frequently performed by means of a special hardware ma-

nipulator. The camera code shall be entered by the opera-

tor. It is possible to adapt the image parameters to current 

requirements and to perform observation tasks by means 

of special joystick.

Due to possibility of adjustment and changes of im-

age parameters based upon changes of position, tilting and 

described on the basis of spherical coordinate system. The 

spherical coordinate system is based upon three coordinates 

f, q, ri making it possible to adapt the regulation parameters 

to parameter associated with the camera positioning (P), 

q coordinate – tilting (T), and r coordinate – zooming (Z).

Fig. 2 illustrates the relations making it possible to 

convert from coordinates in rectangular coordinate system 

(x, y, z) to spherical coordinate system  (f, q, r). The most 

-

ing a moving object (movement in rectangular coordinate 

rotary camera control system (spherical coordinate system). 

paid to changes of multiple parameters in order to maintain 

the same image parameters for the object being monitored. 

Fig. 4 illustrates the situation when an object is moving 

along a circular path, with constant distance from one of the 

cameras but it is monitored by two cameras. The necessity 

the operator in order to achieve the assumed observation 

goals is also shown in this situation.

The situations presented above have been selected as 

cameras in the system. The principal problems experienced 

by operators and inconveniences resulting from the applied 

essential impact on quality and effectiveness of continued 

monitoring activities are:

– mismatch between the control system based upon spher-

ical coordinate system (f, q, r) and the behaviour of per-

a) b)

 – positioning P

 – tilting T

r – zooming Z

;zyxrZ

;
r

z
arccos

z

yx
arctgT

;
x

y
arctgP
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a) b) c)

Fig. 1. 

Fig. 2. Functional model of rotary camera a) spherical coordinate system, b) relations between coordinates in spherical coordinate 

system and in rectangular coordinate system



sons moving in the area under observation (rectangular 

coordinate system x, y, z),

– necessity of continuous switchovers of control options 

on hardware manipulator in case of supervision over 

– mismatch between the standard procedures of calling for 

object.

The factors presented above are procedural factors. 

Therefore, it is possible to improve the operator’s activity 

effectiveness by means of IT tools used in order to make 

-

means of proper equipment, a determined zone under sur-

veillance [1]. The closed circuit television (Fig. 5) consists 

of basic system elements used for image recording (video 

monitoring subsystem), vision signal transmission (signal 

transmission subsystem) and for its displaying (receiving 

subsystem) as well as supplementary elements (subsystems) 

used for archiving of recorded image and controlling of indi-

vidual system elements settings (cameras, rotary devices etc.)

Fig. 5. 

should encompass the following scope:

– presentation of the required system safety level (assess-

ment of hazards);

– subdivision into zones and determination of manner of 

– determination of spaces (zones) supervised by the system 

(coverage);

– characteristics of the range of system operations envi-

ronment conditions;

– description of tasks and procedures associated with the 

performance of surveillance functions;

– determination of manner of video signal and control 

signal transfer;

– presentation of tasks associated with system elements 

control.

a) b)

object movement

(rectangular coordinate system)

control PTZ 1

(spherical coordinate system)

Fig. 3. 

a) b)

object movement

(rectangular coordinate system)

control PTZ 1

(spherical coordinate system)

control PTZ 2

(spherical coordinate system)

Fig. 4. 

Dome cameras PTZ

Control signal
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Fig. 6. Subdivision into surveillance zones in the object to be 

protected

capabilities, role performed in the system and costs: stationary 

and rotary cameras. The stationary cameras are usually used 

for the observation of general surveillance zones and the rotary 

cameras due to their increased capabilities in the scope of 

settings are used for the surveillance of particularly important 

(sensitive) zones in the object being protected. Their functions 

make it possible, through the change of camera optical param-

eters and camera position, to match the size of the surveillance 

zone under observation to current needs of the user.

The video signal in conventional video monitoring sys-

tems is transmitted between cameras as well as recording 

and imaging elements by means of coaxial cables (so called 

coax). The technical limitations resulting from applied signal 

transfer medium by means of coaxial cable are associated 

of cables with the length exceeding recommend values.

However, in case of control system, the system in RS-485 

standard is the most common control signal transfer system. 

RS-485 standard has been introduced as developed version of 

(symmetrical) transmitter, dual – circuit transmission path 

and a differential receiver. It is allowed to connect multiple 

transmitters and receivers on single line. Due to possibility 

to transfer only one signal (chain of commands) at the same 

time, these systems must be equipped with interlocking sys-

tems. The systems equipped with so called tri-state gates. 

In said gates, except of output signals corresponding to the 

output is possible. The devices in RS-485 system are usu-

ally characterized by hierarchy of importance i.e. devices 

-

trated in Fig. 5 is an autonomous system built of elements used 

features are a disadvantage of such solutions. The purpose of 

-

tem (Fig. 7) is to increase the system functionality. Therefore, 

in the form of an application enabling simultaneous control 

of this application is to generate a message signal (instruction 

presets of cameras. Due to lack of RS-485 interface in standard 

Fig. 7. Schematic diagram of monitoring system with built-in 

cameras settings by means of computer application

The determination of surveillance of zones in the area of 

system designing phase, in the scope of general surveillance 

The determination of certain sensitive areas shall be based 

upon analysis of potential hazards occurring therein or upon 

of persons and property. Therefore, it is important to arrange 

-

ner ensuring the performance of said tasks in the best possible 

of the Signac recorded by camera and its archiving. Not always 

and additionally simultaneously, it is necessary to provide 

detailed surveillance for all sensitive zones. Such observation 

should be carried out in precisely determined conditions only 

(e.g. as a result of occurred hazard). Therefore, one rotary 

camera can be used for surveillance of several sensitive zones.

Fig. 8. Field diagram of an object with marked general surveillance 

including their corresponding presets

Protect obcject - Warehouse

1 – General surveillance zone – general monitoring

2 – Sensitive surveillance zone – particulary monitoring

1

2

Video recording eguipment

Stationary cameras

Dome cameras

Control and imaging equipment

Aplikacja

wspomagaj ca

zarz
dzanie i
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ustawieniami kamer

obrotowych PTZ
RS232-RS485
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Converter
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Fig. 9. Field diagram of an object with marked detailed surveil-

lance zones

In a manner identical to the distributions of detailed and 

corresponding to certain areas of dialog window of the sys-

tem displayed on the screen display. Therefore, to each pixel 

object, there are assigned relations referring to the implement-

ing procedures performing the calling of precisely determined 

The task of the operator is not to change the settings of 

successive cameras manually any more but to call corre-

sponding procedure on the screen by means of computer 

station with a touch screen. In such case it is possible to 

call any procedure directly on the screen. The purpose of 

the presented solution is to support the operator’s work. It 

is possible as a result of his release from arduous manual 

process associated with calling of successive settings. In-

solution on the synoptic map of the protected object. The 

additional advantage of this solution consists in its intui-

tiveness associated with simple calling of certain functions.

-

-

vironment is characterized by large capabilities associated 

with technological processes support in the scope of check-

ing and control as well as individual approach to the process 

The program enabling simultaneous control of settings 

object under surveillance, contains the following principal 

elements of the system:

– user interface – enabling (depending on user rights) 

operation;

– organizational diagram – internal relation between in-

dividual application elements enabling the performance 

of tasks assigned by the user on control panel;

component responsible for generation of actuators op-

In case of a correctly operating system managing the 

operation and control of settings of individual elements of 

recognizable control protocol. Selected protocol standard 

does not have to be identical for all the system elements. It is 

possible to use various protocols in the system. It is important 

to ensure the correlation (protocol conformity) in the time be-

tween the controlling and controlled device. There are many 

protocol standards applied in practice; but the most popular 

-

mats (format of generated instruction) in Pelco-D and Pelco-P 

standard have been presented in Tab. 1 and Tab. 2.

Ta b l e  1 .  Format of message in Pelco-D standard [21]

Bajt 1 Bajt 2 Bajt 3 Bajt 4 Bajt 5 Bajt 6 Bajt 7

Start

byte

(FF)

Camera

No

Instruction code

(direction, zoom, 

sharpness etc.)

Camera 

movement 

speed

Camera

tilting

speed

Checksum

-

Ta b l e  2 .  Format of message in Pelco-P standard [21]

Bajt 1 Bajt 2 Bajt 3 Bajt 4 Bajt 5 Bajt 6 Bajt 7 Bajt 8

Start

byte

Camera

No

Instruction code

(direction, zoom, 

sharpness etc.)

Camera

movement

speed

Camera 

No

Stop

byte

Check-

sum

-

eration of byte 1÷7.

The messages (instruction codes) informing about com-

-

bling the movement with maximum speed (Turbo) to the 

RH side of the camera (rotary device) No 8 and the second 

Pelco-D and Pelco-P protocol standard (hexagonal code) 

Ta b l e  3 .  Control messages (instruction codes) in Pelco-D 

and Pelco-P standard

Operation

number

Instruction codes

in PelcopD standard

Instruction codes

in PelcopD standard

1

2

The determination of technical possibilities of observa-

important element associated with the analysis process for 

individual capabilities of the system and with the creation 

of control procedures (generation of control instructions). 

Therefore, it is necessary to build an individual table of 

relationships for each object. The table of relationships 

achieve the observation goals for detailed surveillance zones 

(Fig. 8) has been presented in Tab. 4. This table illustrates 



-

Ta b l e  4 .  

of relationships

Survellance areas 1 2 3 4 5 6 7 8 9 10 11

Camera PTZ 1 1 2 4 5 7 8 - - -

Camera PTZ 2 - - - 1 2 4 5 7 8

Camera PTZ 3 1 2 4 - - - - 5 7

The example of a message (chain of commands) in Pel-

co-P protocol standard (hexagonal code) generated and sent 

to the control system  (RS-485) by an application aiding the 

setting of all available cameras to the detailed surveillance 

area No 4, has the following form:

is based upon the cooperation between the operator and the 

system as well as the correct use of available equipment by 

the system operator. Therefore, the most reasonable solu-

tion consists in the best equipment enabling the video data 

recording and archiving as well as in auxiliary equipment 

of the system in the form of elements releasing the operator 

from the execution of unnecessary, complicated or time 

consuming procedures. In the opinion of authors, such a 

solution consists in the application of a dedicated program 

platform matched to object characteristics and making it 

possible to call assumed procedures and functions directly 

from the application window. The operator’s role is limit-

ed to the choice of a function without any analysis of the 

manner of its performing. In such a case, the operator can 

engage himself in the object’s observation instead of tasks 

associated with correct execution of control process.

and simultaneous preview of a selected sensitive zone in the 

protected object for all cameras available in the system. The 

task of the operator is to choose an area of interest in the 

synoptic map of the object. The change of current settings 

of cameras to the settings associated with the preview of an 

a smooth and unattended manner. Therefore, the time associ-

in comparison with manual operation of control devices.

-

trol system with other protective systems (Intrusion and 

Hold-up Alarm Systems (I&HAS)), access control systems 

settings in order to enable the preview to selected zone at 

the time of hazard occurrence or for the time associated with 

the performance of assumed procedure. 

it possible to reduce the costs associated with the system in-

stallation and video data archiving. In contrast to stationary 

cameras, the preview of many sensitive zones (obviously 

not at the same time) is possible by means of single rotary 

camera. The correct determination of cameras presets makes 

it possible to achieve the multiplication of rotary cameras 

capabilities in comparison to stationary cameras.
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Summary. Fast and effective detection of attempted burglary 

or attack is the essence of alarm systems operation. It becomes 

necessary to protect not only the inner areas in the building but 

also the outdoor areas enabling the access to the object. The 

protection of the window and door openings of the building by 

means of reed relay sensors or contact sensors often constitutes 

the only possible method of the peripheral object protection. The 

purpose of the present paper is to present the concept consisting 

in the use of Doppler ultrasonic detectors in casement windows 

as the basic detection element in the peripheral protection circuit 

the tests.

Key words: -

tors, peripheral object protection.

INTRODUCTION

The alarm systems are not used to keep the intruder from 

entering into the object. Their essential task is to detect the 

hazard and to inform the user about the occurrence of this 

is the basic parameter characterizing the effectiveness of 

alarm system. Therefore in view of effective protection of 

the object, the essential requirement to be met by the sys-

tem is to enable the detection of attempted invasion of the 

intruder into the object before the physical protections are 

forced by this intruder. This solution enables the reaction 

of the user in order to counteract the hazard or to limit the 

scale of material damages (theft, devastation) as well as 

non – material damages (human health and life) which could 

occur in the protected object.

The hazard detection process is associated with the capa-

bilities of detection elements applied in monitoring system. 

The time elapsing since the commencement of the attempt 

to force the protections until this attempt is detected is the 

crucial factor determining the effectiveness of this process 

system designing are:

– to detect the maximum possible number of hazards; 

– to minimize the time of system response to the occur-

rence of hazard.

Owing to the probability level arbitrarily assumed 

by the designer for the occurrence of determined type of 

events in the protected object, the hazard detection process 

response of the system. The number of detected events is 

closely associated with the number of detection elements 

in the system. The number of these elements is associat-

ed with the system installation cost. The achievement of 

the second objective consisting in the minimization of 

the time of system response to the occurrence of hazard 

depends on the technical parameters of detection element 

and on the location where this detection element has been 

The time interval rt  determining the correctly running 

hazard detection process can be described by means of the 

following equations:

21 t,ttr , (1)
ttr , (2)

1t

where:

t  – time of hazard occurrence in the object being pro-

tected,

1t  – minimum time of system response; associated with the 

least time consuming procedure for anticipated hazard 

2t  – maximum time of system response; associated with the 

most time consuming procedure for anticipated hazard 

Fig. 1 presents running the process of total and correct 

hazard neutralization in the protected object.



Fig. 1. Running of the procedure of hazard neutralization

rt  – time of hazard detection process

it  – time of analysis and information relay in the system

nt  – time of physical hazard neutralization

Owing to the duration of the hazard detection process, 

it is important to provide the system with effective detec-

tion provisions functioning inside the object (detection of 

occurred object penetration) as well as on its periphery (de-

tection of attempted object penetration) in order to enable 

-

ject is presented in Fig. 2.

Fig. 2. 

The systems protecting the peripheral (circumferential) 

zones of the building most often are provided in the form 

of the protections designed for the initiated attempts to 

enter into the object through the window and door open-

ings. Nowadays these openings are protected by means of 

reed relay sensors or contact sensors constituting the basic 

elements of the peripheral protection of the object. The 

disadvantage of such solutions consists in the possibility to 

bypass this protection in a simple manner e.g. by window 

pane breaking. The detection element will not be activated 

in such case and the responsibility for hazard detection is 

transferred to detection elements installed inside the pro-

tected object. 

The purpose of the present paper is to present the con-

cept consisting in the use of ultrasonic motion sensors as 

-

tween individual layers of casement windows. This type of 

windows is commonly used in residential buildings. Their 

the hazard.

-

sibility of false alarms potentially generated by many ex-

ternal factors and owing to their relatively limited range, 

the ultrasonic sensors are not widely used in alarm systems 

of the buildings. However, they are commonly applied in 

vehicles alarm systems enabling the detection of initiated 

attempt to enter into the vehicle.

The purpose of the tests will be the analysis in the scope 

of possibility to detect the attempts to force the area being 

protected (windows) and the comparison of the effectiveness 

of ultrasonic sensors with actually applied solutions (reed 

relay sensors and contact sensors). 

Presumably the whole space between window panes 

will be protected if the ultrasonic sensors are applied for the 

the protected object will result in the generation of alarm 

waves through structural elements of the window (window 

panes and frames), the advantage of the system will consist 

in the fact that the area being protected is limited to the inner 

space of the window only. The possibility of false alarms 

generated by the sensor will be also minimized owing to 

the lack of any movable elements in the inner space of the 

window.

Pursuant to the requirements included in the standard 

the functions of an intrusion and hold-up alarm system 

-

-

be also performed by this systems, unless there is any 

negative impact of said functions on the basic functions 

carried out between the monitored object and alarm re-

ceiving centre by means of alarm transmission system. 

The signal transmission system should meet determined 

criteria in the scope of transmission time, maximum value 

of transmission time, reporting time, accessibility and sig-

nal protection; depending on the system protection degree. 

Detailed guidelines concerning the criteria to be met by the 

signal transmission systems are determined in the standard 

The contemporary burglary and attack alarm systems 

ensuring manual or automatic detection of existing hazard 

(burglary, attack, attempted sabotage of the system) in the 

-

cal point of view, the system consists of an assembly of the 

devices operating together (also combined with the system 

of conductors) in order to detect the hazards, to generate 

alarms and to initiate the actions intended to eliminate such 

hazard. The transmission of information can take place in 
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many different ways using different media and the use of 

-

tem, the following interrelated basic function blocks can 

be determined [8]:

– analytic and decision making (management) block,

– detection (input) block,

– alarming and informing block (actuator),

– power supply block.

Fig. 3. 

The detection block consists of an assembly of the devic-

es performing the task consisting in the detection of changes 

occurring in the protected object or in the alarm system 

(sabotage, failure) and in the information transmission to the 

control and imaging device (alarm central panel) of the sys-

tem. The detection block is not responsible for any decision 

making on alarm triggering but only for the transmission 

of information about the change of the parameter being 

measured or controlled (temperature, change of position, 

sound, image, vibration, sabotage) exceeding permissible 

range or established value.

Depending on the manner of layout, functioning and the 

type of individual sensors in detection block, the detection 

block can be subdivided into designated protection zones 

will perform different tasks and functions in the hazard de-

tection process.

Doppler motion sensors (motion detectors) are defined 

as the alarm system elements based upon the phenome-

non consisting in change of received wave frequency in 

comparison with transmitted wave frequency from the 

object moving in detection field (Doppler effect) and 

using this phenomenon for the detection of hazard and for 

18], because their operating principle is based upon the 

transmission of wave i.e. certain amount of energy into 

ambient area.

The operating principle of motion sensors is based 

upon the use of Doppler effect (Fig. 4) i.e. the phenome-

non describing the change of wave frequency recorded by 

the receiver in comparison with standard wave frequency 

transmitted by the transmitter and occurring when the dis-

tance to be covered the wave being transmitted between the 

transmitter and receiver is changed [11, 14, 18].

The transmitter and receiver remain stationary to each 

other in the ultrasonic motion sensors used in alarm sys-

tems. It this case the presence of Doppler effect is possible 

in case of change of the distance to be covered by trans-

If all objects existing within the sensor range will remain 

stationary, the distance to be covered by transmitted sound 

wave is constant. In such case there will be no change of fre-

quency recorded by the receiver in the relation to standard 

frequency emitted by the transmitter (Fig. 5). This situation 

will change in case of the motion of object within the sensor 

this object. Then the distance to be covered by the wave 

and consequently the frequency recorded by the receiver 

from the transmitter and coming to the receiver there are 

two at the same time following the Doppler effect. The 

object, a second Doppler effect is in system the object – the 

receiver. The mathematical notation of this situation can be 

described as follows:

– when the object is approaching to the transmitter-receiv-

er system (Fig. 4a),

object):

o

x

V

VV
f'f , (4)

– the second Doppler effect (between the object and the 

receiver):

Xo VV

V
'f"f , (5)

– form of the equation determining the frequency of re-

corded by the receiver,
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  togdy f"fV , (8)

– when the object is moving away to the transmitter-re-

ceiver system (Fig. 4b),

object):

o

x

V

VV
f'f

– the second Doppler effect (between the object and the 

receiver):

Xo VV

V
'f"f

– form of the equation determining the frequency of re-

corded by the receiver:
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where:

f  – frequency of sound wave transmitted by the trans-

mitter,

'f  – frequency recorded by the object and frequency emit-

ted by the object,

"f  – frequency recorded by the receiver,

XV  – velocity of object in motion,

V  – velocity of sound wave transmitted by the trans-

mitter.

XV  the situation when the object is approaching to the 

transmitter-receiver system,

XV  the situation when the object is moving away to the 

transmitter-receiver system,

f  has fol-

lowing form [15]:
2

f
V

V
f , (14)

where:

f  – frequency of sound wave transmitted by the trans-

mitter,

V  – velocity of object in motion,

V  – velocity of sound wave transmitted by the transmitter.

Fig. 4. The principle of ultrasonic motion detector

a – when the object is approaching the transmitter-receiver 

system,

b – when the object is moving away from the transmitter-receiver 

system

Fig. 5. Waveform chart of recording signal and frequency spec-

trum for detector in normal state

Fig. 6. Waveform chart of recording signal and frequency spec-

trum in hazard detection state

-

The purpose of performed tests was to present the ultra-

sonic motion sensors as an alternative solution toward the 

reed relay sensors or contact sensors actually used for the 

protection of window openings and constituting the elements 

of peripheral protection of the object.

The tests associated with the potential applications of 

the ultrasonic motion sensors for the protection of window 

openings provided with casement windows have been car-

ried out on the model of such type of the window which was 

built for this purpose (Fig. 7). This model of the window has 

been designed in a manner enabling the execution of the tests 

for the following situations occurring in real alarm systems:

– forcing the window by the force opening of its wing 

(event 1),

– forcing the window by the opening of its wing 

(event 2),

– forcing the window through the opening made in a part 

of this window but without opening of its wing (various 

– disturbance of alarm system operation by the attempts to 

generate a false alarm as a result of motions performed 

on the external side of the window (event 4).

1

2

1 – control device

2 – sensor transmitter

– sensor receiver

b)

Intruder

f

f ”

Intruder

1

2

1 – control device

2 – sensor transmitter

– sensor receiver

f’

fa)



Fig. 7. 

incorporated inside

a) layout of elements enabling the execution of tests on the mod-

el, b) layout of ultrasonic motion sensor elements; 1 – hinges;

5 – sensor receiver

system (Fig. 8). The measuring system consisted of the fol-

lowing elements:

– intermediate relay,

output was characterized by the following levels of voltages:

– in normal condition, in case of normal operation of all 

sensor elements while the sensor is not excited as a result 

– in alarm condition, in case of normal operation of all 

sensor elements while the sensor is excited as a result of 

Fig. 8. Connection diagram for devices in the model, 1 – relay, 

ultrasonic motion sensor

Fig. 9. 

The model of casement window has been additional-

ly equipped with a standard reed relay sensor and contact 

sensor. Their incorporation in the model made it possible to 

verify the effectiveness of system operation in various hard-

the functioning of these elements in various cases.

The effectiveness of system operation was determined 

on the basis of the correct (expected) system response in 

various variants of events. The excitation of alarm system 

of excitation of alarm system was the result expected in case 

of the fourth event. The results obtained from performed 

experiments have been presented in Table 1.

Ta b l e  1 .  Results obtained from test – excitation of alarm system

Ultrasonic

sensor

Reed relay 

sensor

Contact

sensor

1

2

- -

4 - - -

The results presented in Table 1 for individual tests have 

been obtained from the tests carried out for the conditions 

without anticipated possibility of sabotage for individual 

detection systems in course of attempted forcing of the pro-

tection. In case of tests in more realistic conditions (allowed 

penetration of the intruder into the system as attempted sabo-

tage of its operation) for event 2, it was possible to complete 

the forcing of the protections without generating the alarm 

for the systems provided with reed relay sensor and particu-

larly with contact sensor. Such attempts were ineffective in 

case of ultrasonic sensors. The generation of false alarms 

in the system as a result of ultrasonic sensor excitation was 

possible only in case of the setting of excessive sensitivity 

of the ultrasonic sensor detection system.

The hazard detection time is an important factor deciding 

on the effectiveness of such system operation. The shorter 

is the time elapsed between the hazard detection and the 

reaction of the system user to this hazard, the greater is the 

chance to limit the damages caused by this hazard. There-

fore, it becomes important to provide the monitoring systems 

with technical equipment ensuring the effective detection of 

hazards before the intrusion of the intruder into the interior 

of the object. Consequently, the responsibility for the hazard 

detection process should be shifted towards the peripheral 

protection of the objects. 

The protections in the form of the reed relay sensors and 

contact sensors which are actually used for the protection of 

1

2
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4
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(e.g. window pane breaking). The application of active IR 

barriers for the protection of window and door openings can 

be used as more effective but very expensive solution. The 

ultrasonic motion sensors are and equally effective tech-

nical solution but their effective functioning is possible in 

small closed spaces only. In such cases the whole space is 

protected inside the protected object, i.e. the space enclosed 

by its structural elements. 

The price of the solution associated with the ultrasonic 

of the reed relay sensors and contact sensors. The range of 

motion sensors (protecting the whole area accessible to po-

tential intruder). Therefore, this solution can be applied as an 

1.  Systemy alarmowe. Systemy 

2.  Systemy alarmowe. Systemy 

-

-

niowe systemy alarmowe. Wymagania i badania ultra-

4. Boguta A. 2011:

-

5. Boguta A. 2012:

-

Buczaj M. 2009:

-

7. Buczaj M. 2010: Wykorzystanie telefonii mobilnej 

i Internetu w procesie przekazywania informacji w sy-

-

8. Buczaj M., Sumorek A. 2010: Wirtualny system nad-

Buczaj M. 2011a:

-

-

Buczaj M. 2011b: -

11. Halliday D., Resnick R., Walker J. 2008: Podstawy 

12.  Computer – aided design of virtual 

supervision systems for the electric system in contem-

Ihara I., 2008: Ultrasonic Sensing: Fundamentals and 

14. Jajdek A., Juda Z., 2008: Czujniki, Wydawnictwo 

15.  Systemy alarmo-

-

Obraz J. 1983:

WNT, Warszawa.

17. Resnick R., Halliday D. 2001: Fizyka cz. 1, PWN, 

Warszawa.

18.

WNT, Warszawa.

Streszczenie: 

-

-

i jedyny element ochrony peryferyjnej obiektu. W artykule zo-

stanie przedstawiona koncepcja wykorzystania w oknach typu 

podstawowego elementu detekcyjnego w obwodzie ochrony 

ochrona peryferyjna chronionego obiektu, 

czujki ruchu.
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Summary. The paper compares selected Data Mining techniques 

for forecasting and describes electricity market including the 

structure and forms of energy trading. One of the goals was to 

analyze data for electricity production in Poland. The analysis 

-

amined problem and the effectiveness of the proposed models. 

Four Data Mining methods were used to develop the forecast 

models, namely, regression and time series using MLP neural 

SVM) and MAR-

Splines. Two time horizons of the forecasts, namely, 1 day and 

7 days, were studied. The results were used to verify the models 

and select the best one.

Key words: electricity market, forecast, Data Mining.

INTRODUCTION

One of these characteristics that can be attributed to the spec-

-

used by a given consumer cannot be traced back to its source 

of production. The third characteristic is the variability of 

demand for energy in time, and its dependence on numerous 

factors (technology, weather, season of the year, industry).

-

guished on the Polish market:

– Contract market is the least complicated in terms of 

energy trading. It is a place, where contracts between 

participants of the market are concluded. These contracts 

specify the price of energy for the period of each day 

variable, based on demand and instantaneous electricity 

prices.

– Exchange market, where future contracts as well as “day 

ahead” and “hour ahead” contracts for the purchase and 

-

energy takes place 24 hours before the physical delivery 

the next 24h day. This is the basis for setting hourly 

electricity prices.

– Balancing market

of the market, whose function is to ensure smooth elec-

tricity supply. This function is realized by reacting to 

demand for energy, and generating the required volume 

of energy. This sector is managed by the Transmission 

which sells or purchases energy to balance supply and 

demand.

The volume of energy, for which consumers pay, is 

determined based on forecasts. If the estimated and the 

actual energy consumption differ, and there is excess 

of energy, the surplus may be resold on the balancing 

market. Conversely, in case of deficiency, additional 

volume of energy may be purchased on the balancing 

not consumers. Fig. 1 presents a graphical interpretation 

of this procedure.

The facts presented above clearly show the necessity of 

developing a model facilitating accurate forecasts of esti-

mated energy consumption, essential for the generation of 

the required volume of electrical energy, and consequent-

ly, more effective balancing of supply and demand [5]. 

There are various methods to develop forecasting models. 

and fuzzy logic [11] are especially useful in this respect. 

contribute to the improvement of forecasts effectiveness 

-
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cient tool in forecasting, i.a., energy consumption [5]. Data 

Mining methods were used to compare different forecasting 

models, as they can be applied to on-line analysis of large 

datasets.

PURPOSE AND METHODS

Data Mining comprises a set of analytical tools and 

methods that may be applied for various purposes [8]. It 

relies on computers to discover patterns and regularities 

in large datasets [2]. These methods can be divided ac-

cording to a number of criteria. One classifi cation divides 

data mining methods into supervised learning (learning 

with a teacher) or unsupervised learning (learning without 

a teacher) [6]. The fi rst group of methods is used when 

the situation has been recognized, and the results are in-

cluded in the training sample. This is the basis for the 

development of the model, which is then used to classify 

and categorize new data. The following example might 

be given to illustrate such a situation: it is necessary to 

group new consumers according to the criteria specifi ed 

for each group. Unsupervised methods are used when some 

data are available but the mechanisms that generate them 

are unknown. In this case, the goal is to develop the best 

possible model. These methods, as opposed to supervised 

methods, are not aimed at discovering relations between 

variables, but are used to forecast certain values, recognize 

a situation or present a structure of a phenomenon [7]. An 

example may be specifying a group of customers accord-

ing to defi ned criteria e.g. volume of consumed energy or 

payment promptness.

The authors analyze the effectiveness of four devel-

oped forecasting models that are based on regression and 

time series using MLP neural networks and support vector 

machine (SVM) as well as MARSplines. The models were 

developed in the Statistica 9 Data Miner. Forecasts for two 

time horizons were performed for each of these methods, 

namely, a forecast for the day ahead and day seven. The 

analysis was performed on the basis of data obtained from 

Monthly reports on the operation of the Polish Power Sys-

tem and Balancing Market (which contain data collected 

during operative technical planning and during the opera-

tion of the system) for the period of fi ve years (2007–2011) 

The dataset contains 1818 observations (1818 successive 

days), Fig. 2.

Fig. 2. A plot illustrating variations in daily (24hour day) electric-

ity production [GWh] in the years 2007-2011 Source: prepared 

by the authors

The dataset was divided into two subsets: the training 

set (80% of cases) and the test set for the verifi cation of the 

models (20% of cases). The following variables were used 

to describe these observations: 

 1. Number of observation (No).

 2. Year (Y).

 3. Day of year (DY).

 4. Number of month (MNo).

 5. Number of week (WNo).

 6. Day of month (DM).

 7. Daily (24ho  ur day) production (DP).

 8. Daily production of energy delayed by 1 observation 

(DP-1).

 9. Daily production of energy delayed by 6 observations 

(DP-6).

10. Daily production of energy delayed by 7 observation 

(DP-7).

11. Energy production forecast for 1 day ahead (DP+1).

12. Energy production forecast for 7 days ahead (DP+7).

13. A variable informing about holidays (including Sundays) 

and work days (DS/DR).

The structure of the forecasting models was shown in 

Fig. 1. Forecasts for all models were prepared for one day 

and seven days ahead. 

Fig. 3. Structure of forecasting models 

Input variables and the structure of each MLP model 

were selected based on the validity analysis (susceptibility 

analysis) of these models and simulations. In the time se-

ries model, only past values for electricity production are 

Fig. 1. A graph presenting the dependence of power on time 

showing how balancing market operates. Source: www.cire.pl 



considered, and they are selected depending on the horizon 

and feasible network structure. In contrast, the SVM model

values of the dependent variable for new observations with 

the greatest accuracy. The process involves minimization 

of the error function using various basis functions (radical 

functions) and appropriate selection of constants C

the process of learning. MARSpline (Multivariate Adaptive 

Regression Splines

and regression problems. This method does not require 

preliminary establishment of assumptions concerning the 

functional relationship between the independent and depend-

ent variables (e.g. linear or logistic relationship). This rela-

can be used to solve problems with multiple variables at 

the input, which is likely to cause problems in other meth-

ods. The input space is divided into separate regions, each 

with its own regression function. MARSplines algorithm in 

variables, observations and output variables, and consists 

increasing its complexity by adding basis functions, and the 

second stage, called pruning, involves removal of the least 

Generalized Cross Validation error

-

residual error but the model complexity as well.

Input variables for the time series neural model were 

21 past values for the daily energy production. Simulations 

were performed to construct networks with the optimal 

structure for forecast horizon 1 – MLP 21:29:1 and 7 – MLP

was developed for the following input variables: number of 

month and week of year, daily production of energy – current 

work day from holiday). Optimal network structures were 

constructed for these variables: for forecast horizon 1 – MLP 

6:3:1, and 7 – MLP 6:9:1. Independent variables for forecast 

horizons 1 and 7 in the SVM networks and in MARSplines

were assumed analogically as in the previous case. In the 

SVM method, optimal parameters were selected using a cross

validation sample. Default regression of type 1 was applied, 

and optimal parameters were obtained with the following 

model proved that the best results were obtained for the 

radical basis function RBF, where the parameter gamma 

MARSplines requires that 

a number of important parameters be set carefully. For in-

stance, a parameter Maximum number of basis functions may 

is best set at maximum possible number of basis functions, 

the number, determined in the course of model construction, 

be achieved by increasing the Order of interactions between 

input variables. Number 2 was selected for the analysis in-

volving forecast of energy for the day ahead, which allowed 

to take into account not only the results but also the inter-

actions between pairs of variables. This parameter was also 

determined on the basis of preliminary analyses. With this 

method, pruning is recommended to limit the complexity of 

the model. It is performed by selecting the option Remove

-

1

7

-

ated test set. The values of forecast errors and correlation 

-

errors. To facilitate the model quality assessment, it was 

The data show that as the length of forecast horizon in-

results for forecast horizon equal 7 days it can be observed 

the smallest forecast errors were for neural networks (solv-

Ta b l e  1 .  

Forecast
horizon

Name of network
Quality

(learning)
Quality
(testing) error

Test error
(latent) (output)

1 Tanh

7

Ta b l e  2 .  

Forecast
horizon

Name of network
Quality

(learning)
Quality
(testing) error

Test error
(latent) (output)

1 171.51 Tanh

7 Tanh



ing regression problems). The worst results were obtained 

using the MARSplines method, where the correlation coef-

were the highest. 

Research to develop the most effective forecasting meth-

ods, in particular for short forecast horizons, has been con-

ducted by many research centres. Data Mining methods are 

very useful for that purpose, and allow to prepare forecasts 

of electricity production in a short time. However, the best 

results (in the two examined horizons) were obtained for 

new data (small forecast error for the test set). 

is the fact that it does not require preliminary assumptions. 

It does well for outlier observations and, consequently, better 

characterizes the examined phenomenon. It also gives better 

results in case of higher number of explanatory variables. 

This method also has its own quality measure (goodness of 

residual error. Nevertheless, despite numerous advantages, 

the interpretation of results in this method is likely to create 

-

mentation of the model in this method may cause problems.

1. The theta 

model: a decomposition approach to forecasting. 

2. Berry M., Linoff G., 2000: Mastering Data Mining.

Advances

in forecasting with neural networks? Empirical evidence 

from the NN3 competition on time series prediction..

4. Analysis of the Continuity of Electric 

Energy Supply in Poland

Ta b l e  3 .  Quality measures for each model for the test sample. 

Neural networks 
(Regression)

Neural networks 
(Time series)

Forecast horizon [days] 1 7 1 7 1 7 1 7

residuals
418.27

15.4277

5. Use of Data Mining Techniques for 

Predicting Electric Energy Demand.

Migut G., 2009: Czy stosowanie metod Data Mining 

, Stat-

Soft Polska.

7. Data mining w pro-

-

8. Tadeusiewicz R., 2006: Data mining jako szansa na re-

danych empirycznych

www.statsoft.pl/

Trajer J., Czekalski D., 2011: Prognozowanie sum 

-

Trojanowska M., 2008: .Alternative Methods of Esti-

mating Rural Consumers’ Daily Demand for Electrical 

Energy

11. Forecast Mod-

els of Electric Energy Consumption by Village Recipi-

ents over a Long-Term Horizon Based on Fuzzy Logic.

www.cire.pl 

Streszczenie. W pracy przedstawiono techniki Data Mining

-

-

Data Mining: regresja i szeregi czasowe 

z wykorzystaniem sieci neuronowych typu MLP oraz metoda 

SVM i MARSplines -

najlepszego.

rynek energii elektrycznej, prognozowanie, 

Data Mining.
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Summary. This study aimed at presenting the relation between 

Common Rail accumulator pressure and vehicle traction prop-

erties (acceleration capacity and ability to achieve maximum 

velocity be vehicle). Tests were performed using an engine test 

bench and a CR pressure testing kit. They were conducted in 

conformity with engine standards (i.e. the requirements being 

power to CR pressure characteristic curves.

each gearbox ratio) and vehicle velocity (in the last gear) and 

parameters was found.

Key words: Common Rail, vehicle traction properties, pressure 

in CR accumulator.

INTRODUCTION

The Common Rail is the fuel supply system most fre-

quently used in direct injection compression-ignition en-

gines in passenger cars at present. Its main advantages are 

the reduction of noise of working engine and amount of 

harmful substances emitted to the atmosphere as well as 

operate and environmentally friendly (less fuel consump-

tion) in comparison to conventional diesel power systems 

and power supply systems of TDI.

Its major advantage is the possibility to change and ad-

just injection pressure and injection time owing to separation 

of pressure-producing element (high pressure pump) from 

fuel-injecting elements (fuel injectors) by a container (Rail) 

is a dynamic value and, together with injection time and fuel 

temperature, affects the dose size and the whole characteris-

CR pressure and these parameters has been presented. 

rail

and engine effective power was found using graphs. The 

function of engine torque to Common Rail pressure was 

similar to that in case of engine rotational speed (curves 

had very similar courses).

working ability in time unit) are of importance for vehicle 

movement potential (accelerations and velocities, thus its 

-

Fig. 1. Division of vehicle traction properties (prepared by the 

authors)

a 2 has been de-
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where :

FN – driving force [N],

m – gross vehicle mass [kg],

T
tqk

 – torque on driving wheels [Nm],

T
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 – engine torque [Nm],

UN

i
UN

 – power transmission system ratio,

r
k
 – wheel kinematic radius [m].

ng specified in them), creating the engine torque and 
engine effective power to CR pressure characteristic 

When making the final diagrams for vehicle 
acceleration (at each gearbox ratio) and vehicle 

sure, a 
significant effect of the latter on traction parameters 

: Common Rail, vehicle traction 

The Common Rail is the fuel supply system 
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2
, (2)

where:

k – angular velocity of road wheels [rad/s],

kn – rotational speed of wheels [min-1],

n – engine rotational speed [min-1].

When changing the velocity units from m/s to km/h, the 

navigation using techniques designed to determine the charac-

teristics of an external spark-ignition engine is also based on the 

measurement of the opening of the injector and fuel rail pressure.

The authors of this paper decided to examine a relationship 

between Common Rail pressure and vehicle traction properties.

The objective of this research project was to determine 

a relation between Common Rail accumulator pressure and 

vehicle traction properties (acceleration capacity and abil-

ity to achieve maximum velocity). In the study, a torque to 

Common Rail pressure relationship for feeding a direct injec-

tion turbocharged compression-ignition engine designed for 

driving motor cars with a full dose of fuel. Research methods 

were conducted in conformity with the Polish standard PN-

TEST BED

The test bed consisted of the following components:

diesel oil, made of plastic;

4-stroke turbocharged compression-ignition engine with 

Ta b l e  1 .  

unit value / description

Cylinder diameter [mm]

Piston travel [mm] 82

Compression ratio - 18.1

Number of cylinders - 4

- in-line

Injection sequence -

[cm3] 1248

75/51

Rotational speed at maxi-
mum power

[min-1]

[Nm] 145

Rotational speed at maxi-
mum torque

[min-1]

Fig. 2. 

-

ktromex (Poland) – a device for power take off and 

measurement in combustion engines being placed on 

test beds;

Fig. 3. 

d) Common Rail high pressure measurement kit which con-

sisted of: a manometer, a T-connection with nozzles, vent 

and stopper, a measuring hose, fuel tubbing, a reduction

and a venting hose.

Fig. 4. HP-made Common Rail high pressure measurement kit



Results of the measurements being performed are pre-

sented in Fig. 5. The engine was fed with a full dose of ON 

parameters during the test were as follows:

– ambient temperature T
a

– ambient pressure p
a

The engine torque and its effective power being measured 

were corrected according to the relations comprised in the 

high pressure measurement kit allowed creating an engine 

torque and engine effective power to Common Rail pressure 

relationship. It is presented below in Fig. 5. The characteristic 

curves were determined based on measuring points due to 

very narrow ranges of measurement uncertainties (see section 

5). In order to illustrate the relation between CR accumulator 

pressure and vehicle traction properties, the variables such 

-

Ta b l e  2 .  

variable value unit where:

m [kg] gross vehicle mass

UN -

rk [m] wheel kinematic radius

ibI -

ibII 2.158 - second gear ratio

ibIII - third gear ratio

ibIV - fourth gear ratio

ibV -

ipg -

The ranges of measurement uncertainties were deter-

mined for engine rotational speed, torque and effective pow-

er and Common Rail pressure of the engine torque-speed 

(external) characteristics.

Expanded measurement uncertainty for engine rotation-

al speed

accuracy of measuring device calibration; the experiment-

er’s uncertainty was omitted due to the result self-reading 

and self-recording measuring system).

following relationship [22]:

][min.
1

)( 1n
nuB ,

where:

n
1 [min-1].

[22]:

][min.)()( 1nunuB .. (4)

equation [22]:
)()( nuknU , (5)

where:

][min.1.2)( 1nU .

Thus, ultimately, the measurement uncertainty for the 

whole range of rotational speeds was equal to:

][min2)( 1nU . (7)

Expanded uncertainty for corrected engine torque meas-

urement

mean of torque was adopted as a measurement result [22]:

n

i

itqtq T
n

T
1

)(

1
,,  (8)

where:

tqT - – arithmetic mean of engine torque measurement [Nm],

)(itqT -– value of the i-th torque measurement [Nm],

n – number of measurement.

Fig. 5. 

where: T
tq
 – engine torque, Pd – engine effective power, p

rail
 – Common Rail accumulator pressure

p
rail

[MPa]
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was as follows:

Ta b l e  3 .  Calculation table for engine torque measurement

as a standard deviation [22]:

2

1

)(

2 )(
)1(

1
)(

n

i

tqitqTtqA TT
nn

sTu
tq

][. Nm

following relationship [22]:

][.
1.

)( Nm
T

Tu
tq

tqB

where:

tq

(total) uncertainty amounted to [22]:

][.
)(

)(

2

2 Nm
T

sTu
tq

Ttq
tq

.. (11)

equation [22]:

)()( tqtq TukTU , (12)

where:

][.1.2)( NmTU tq

Thus, ultimately, the result of engine torque measure-

ment together with measurement uncertainty was written 

in the following form:

])[.11.( NmTtq . (14)

In the table below, the values of engine torque togeth-

er with expanded measurement uncertainty are presented 

for particular rotational speeds. The torque values were 

calculated as mean values of 4 measurements. The value 

of coverage factor k was 2, whereas the uncertainty of 

measurement accuracy for engine brake amounted to 

Ta b l e  4 .  

n tqT )( tqA Tu )( tqB Tu )( tqTU )( tqtq TUT

[min-1] [Nm] [Nm] [Nm] [Nm] [Nm]

1 71.4

2 124.4

4

5

7

8

124.2

11 115.1

12

were determined in a similar manner.

Ta b l e  5 .  

n dP )( d

A Pu )( d

B Pu )( dPU )( dd PUP

[min-1] [kW] [kW] [kW] [kW] [kW]

1 7.5

2

4

5

7

8

11

12 44.7

standard uncertainty (depending on device calibration ac-

curacy).

following relationship [22]:

][.8)( bar
p

pu rail
railB ,,  (15)

where:

railp
-

standard uncertainty [22]:

][.8)()( barpupu railrailB

No. )(itqT
tqT (

)(itqT -
tqT )

2

)( )( tqitq TT

1

2

4 -1.8

2)( tqtqi TT 4.49

MPa

MPa
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)()( railrail pukpU ,  (17)

where:

][..82)( barpU rail .. (18)

Thus, ultimately, the measurement uncertainty for the 

whole range of pressures was equal to:

][)( barpU rail .

The acceleration values being obtained for each gear 

data from Table 2 and Relation (2), the values of vehicle 

Common Rail accumulator pressure and vehicle traction 

parameters (acceleration capacity and ability to achieve 

maximum velocity) are presented. The acceleration val-

ues in respective gears themselves depended mainly on the 

values of selectable ratios, whereas the character of curves 

showed the vehicle to speed up the best in each gear in the 

region of Common Rail accumulator pressure being equal 

of the maximum pressure.

The engine torque-speed to CR pressure characteristics 

pointed to a linear relationship of these parameters. The ve-

locity in the last gear increased together with the increasing 

value of pressure, which indicates to the fact that the vehicle 

can be able to achieve maximum velocity at higher values 

of Common Rail pressure.

The carried out study allowed drawing the following 

conclusions:

a) CR pressure affects the course of engine torque char-

acteristic curve and further, which is related to this, the 

F i g .  6 .  Relationship between vehicle acceleration and CR pressure:

a – vehicle acceleration, a1 a2 – vehicle acceleration in the second gear, a3 – vehicle accelera-

tion in the third gear, a4 – vehicle acceleration in the fourth gear, a5 p
rail

– CR accumulator 

pressure, R2

F i g .  7 .  

v – vehicle linear velocity (last gearbox ratio), p
rail

 – CR accumulator pressure

MPa

MPa

p
rail

[MPa]

p
rail

[MPa]



course of vehicle acceleration characteristic curve in 

respective ratios;

the ability of a vehicle to achieve maximum velocity (in 

the last gear);

c) increase in Common Rail pressure results in better trac-

tion parameters but also in higher fuel consumption;

d) it cannot be changed in any range due to durability of 

engine components (fuel supply system and piston-crank 

system).
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Summary: The work presents the results of research on injuries 

of farmers, sustained during accidents involving a farm tractor 

used in plain regions. The analysis was done based on the doc-

-

stances of accidents were grouped. It was found out that the 

accidents occurred mostly at an immobile tractor and non-operat-

ing tractor engine. The location and severity of injuries sustained 

were lower limbs. The injuries were knee and ankle twists. The 

average value of permanent damage to health is about 5%. 

Key words: tractors, accidents, injuries.

INTRODUCTION

The number of agricultural tractors in the Polish farms 

year to year. It is due both to the widening mechanization of 

agriculture and to the increasing wealth of the country people. 

The increase of the tractors number inevitably leads to the 

increasing number of their accidents. These accidents are 

special, owing to the character of the works the tractors per-

for introducing the mechanisms of the accident prevention.

Particular regions of Poland differ both in terms of the 

percentage of agricultural areas and in terms of the size of 

individual farms. This determines the number of tractors 

used in these areas (Fig. 1). The highest number of tractors 

-

least tractors are located in the provinces: Silesian, West 

Fig. 1. 

The work aimed at collection, systematization and anal-

ysis of the injuries sustained by the persons using tractors 

in plain areas. The analysis included the accidents which 

-

-

was used in the study. The analysis of the documentation

accidents and damages to the farmers using tractors in 

plain areas. It also allowed to determine the severity of the 

damage and to indicate which areas of the body are most 
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Proszowice county includes the region called Proszow-

ice Plateau with a plain topography, though there are some 

hills, ravines and precipices as well. The area of the county is 

all covered with loess, on which rich soils developed. Owing 

size is about 4.5 ha.

landscape appears as a plateau. There are large prominences 

class. There are loess, limestone and fen soils, favourable to 

The general model of injuries resulting during the acci-

dents is as follows:

where:

– biomechanical response – every change in time of the 

human body position and shape, of the body part or 

tissue during a mechanical load as well as any involved 

physiological changes; 

– injury mechanism – biomechanical response, during 

which biological tissues are deformed beyond the recov-

erable limits causing damage to anatomical and func-

tional structures.

-

trating injuries and non-penetrating injuries. Here, we must 

introduce the notion of injury intensity. It means the impor-

tance of the changes involved in damaging anatomical and 

functional structures of a living organism, resulting from 

the mechanical force action. The level of the importance of 

damage to human bodies is not the same for all people. It 

body constitution and health condition of individual persons 

To estimate quantitatively the level of injury severity, the 

injury intensity scales are used. We compare the injuries sus-

tained by the accident victims with the given scale injuries 

and we read the numerical value of the injury intensity level. 

There are many scales of injury severity. There are four 

main groups of scales: anatomical, physiological, combined 

-

mating the accident consequences, uses the scales of inva-

lidity and social losses. These scales describe not so much 

the injuries as the long-lasting consequences of the damage 

-

ing the compensations to persons affected, the impact is 

estimated of injuries suffered during the accident on their 

further functioning and quality of life.

-

cultural Social Insurance Fund, the scale of injury severity 

– the scales of invalidity and social losses. This scale is 

-

ciples of adjudication on permanent or long-lasting damage 

to health, on the procedure in determining the damage and 

accident

mechanical load
measures preventing injuries

biomechanical response
level of injury tolerance  

injury mechanism

Ta b l e  1 .  Illustrative injuries with percentage assessment of a permanent or long-lasting damage to health

Injury area Type of injury
Percentage of permanent 

or long-lasting damage to health

Head
Partial paralysis or radial palsy preventing from independent stand-

ing up or walking

Upper limb
Right 5 – 15

Upper limb
and phalanx bone of the thumb) with a shift

Upper limb
Right 5

85

of joint bones, hurting, foreign matter, scars etc.) with and without 
deformations

1 – 15

Hallux nail bone loss 5



permanent or long-lasting damage to health” is the annex 

to this ordinance. The annex contains tables with detailed 

the percentage appears of permanent or long-lasting damage 

degree of permanent or long-lasting damage is determined 

depending on the effects of an accident/a disease on the 

organs and systems.

Such a scale is used by a doctor predicate to establish 

the magnitude of the insurance compensation. The predicate 

should contain the description of the breach of the body 

permanent or long-lasting damage to health with the number 

of the item in the percentage assessment. If an accident or 

an occupational disease has caused the damage to several 

limbs, organs or systems, the total degree of a permanent or 

long-lasting damage to health is equal to the sum of damage 

percentages for particular injuries, according to the percent-

The research on the accidents and their consequences 

-

tural Social Insurance Fund. The research included the ac-

on social insurance of farmers, an agricultural accident is 

a sudden event provoked by an external cause, which oc-

curred during performing agriculture activities or connected 

with these activities:

1. On the area of the farm run by the insured person or 

being the place of his/her permanent work, or within 

a household directly connected with the farm, or,

2. on the way of the insured person from the house to the 

farm referred to in p. 1, or during his/her way back, 

or,

p. 1 of the activities related to agricultural activity, or 

in connection with the performance of these activities, 

or,

or on the way back.

county.

The accidents occurred mostly at non-operating tractor 

engine, i.e. during the time when the tractor was immobile. 

It was so in the case of 81 accidents, which is 82.7% of the 

total number of accidents with farm tractors in the examined 

Fig. 2. 

The average escalation of the injuries is 5%. The average 

percentage of the permanent damage to health for the acci-

with operating engine – 5%, and with a moving tractor 

– 5.1%. Translating the percentage values of the perma-

nent damage to health from above accidents to results in 

It means that the majority of the analysed accidents con-

Fig. 3. Percentage values of permanent damage to health in the 

accidents involving a moving tractor

Fig. 4. Percentage values of permanent damage to health in the 

accidents involving a non-operating tractor

The number of injuries to the particular parts of the body 

is presented in Table 2.

The most number of injuries in all the accidents involving 

-

% of permanent damage to health

% of permanent damage to health



Ta b l e  2 .  

Place of 
occurrence 
of injuries

Number of injuries to the given body part

Tractor engine 
non-operating

(standstill)

Tractor engine 
operating
(standstill)

Tractor 
in mo-

tion
Total

Upper limbs 21 2 7

1

Thorax 1 - 2

Head 1 - 1 2

Face 2 - - 2

Total 81

-

jured, most of them cause 5% of permanent damage to health 

that is 7 from 28 accidents (Fig. 5). 2% of permanent damage 

value of permanent damage to health of the upper limbs is 

1%, while the maximum is 15%. The average percentage 

In the case of lower limbs injuries, the most accidents – 17 

of a permanent damage to health in the case of lower limbs 

accident). The average percentage value of injuries is 4.78.

Fig. 5. Percentage of permanent damage to health in the case of 

accidents with injuries to upper limbs

Fig. 6. Percentage of permanent damage to health in the case of 

accidents with injuries to lower limbs

engine occurred while dismounting from the tractor – 51 

accidents. There are also the accidents which occurred when 

repairing a tractor – 11 accidents, the accidents during cou-

The second largest group are the accidents that occurred 

of all accidents involving farm tractors. The group includes 

7 cases of running on a victim by a tractor, 1 collision with 

a car when the farmer was coming back home. The remain-

the tractor. In this group, we can distinguish three types of 

accident run: slipping on the tractor step and falling on the 

ground, putting the foot on an unevenness of the terrain, 

components. The articular capsule – ligament system is not 

completely broken, but stretched and a hematoma appears. 

The ankle twist is the consequence of bad position of the foot 

on the ground, which happens for example during jumping 

down, or stepping on an uneven ground as in the accidents 

when dismounting from the tractor. according to the scale 

-

age to health, depending on the other simultaneous injuries 

like ankle fracture or shank bruise. If it is only a twisting of 

the ankle, the permanent damage to health is 1 – 5%. 

from the tractor is a knee sprain. The mobility of this joint 

is limited because of many ligaments and muscles. When 

our movements are compatible with the direction of the knee 

joint, the globular surfaces of the joint are rolling smoothly. 

actively, while the ligaments shrink and diastole passively. 

The joint structures often twist and turn, which permits to 

block elastically at the moment of some banned movements 

appearance. The appropriate structure of the joint allows 

of a given range of motion, and the other – not allowed – 

is blocked. If a sudden change of the joint bend direction 

exceeding of the mobility range ends with a damage to knee 

joint or to its stabilizing system (muscles and ligaments). 

to health.

The accident resulting in the greatest permanent dam-

with non-operating engine of a tractor. The analysis of 

the accident run is the following: when going down the 

tractor, the victim foot slips and he falls down. The ac-

cident results in fracture of a bone. The consequences of 

% of permanent damage to health

% of permanent damage to health
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the remaining accidents were much lighter. There were 

ankle twists and the permanent damage to health was for 

were lighter. The age difference and a different structure 

of the osseous system caused that the injuries to women 

damage as well. 

The analysis of the accidents which occurred during 

motion (Table 2) showed that half of them happened when 

the tractor ran on a body part of the injured person. The 

consequences of three of these accidents are unknown. 

damage to health. The fracture of both right forearm 

bones caused 15% of permanent damage to health. In 

this case, the arm was run on by a tractor wheel and 

submitted to high compressing loads from the tractor 

mass and its charge.

which the tractor tipped over and rolled twice. It happened 

as follows: during going down a steep way, the pressure 

of the pulled tank trailer makes the tractor tilt and fall on 

the victim sitting in the cabin. The victim is crushed by the 

to health. The cause of the accident is a sudden shift of the 

vehicle mass centre (set: tractor and trailer) when the tank 

trailer leaned.

The farm tractor is a vehicle prone to tipping over be-

happen when driving on the curve of the road, on a steep

tractor mass centre position, we can determine the vehicle 

behaviour during its motion. When loading the trailer or 

coupling up devices to the tractor, a special attention should 

be paid to the mass centre location in such a set. The shift 

of the mass centre beyond the allowable zone may result 

in tipping over the vehicle. The slope, on which the tractor 

involving farm tractors – 52 in Proszowice county and 47 

type are rare.

-

the tractor.

The body parts mostly injured in the accidents involving 

most frequent are the ankle and knee injuries.

The average degree of intensity of the injuries sustained 

permanent damage to health.

The cause of the majority of analysed accidents is in-

during the tractor stoppage were caused by unsuitable shoes 

of the workers.
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Summary. Such biological materials as vegetables and fruits 

are subject to different static and dynamic loads connected with 

harvesting, loading/unloading, sorting and storage. These pro-

cesses lead to mechanical damage of vegetables. On the basis of 

the performed laboratory investigations the measurements have 

been made of chemical and mechanical properties of the selected 

varieties of root parsley.

The objective of investigations was to determine the resist-

ance of peel and tissue of the selected varieties of parsley roots 

against mechanical damage occurring in the process of root pene-

tration by means of a punch and uniaxial tissue compression (free 

roots have been determined in form of destruction stress and 

investigated parsley varieties has also been determined. 

Key words: 

chemical composition.

INTRODUCTION

Parsley is an edible and ornamental plant and two forms 

of parsley are cultivated: the root parsley and the leaf one 

[27]. The parsley, due to its chemical composition, belongs 

to the vegetable group with high nutritional and health pro-

minerals, especially calcium, phosphorus, magnesium and 

Plant tissues of vegetables and fruits are subject to dif-

ferent static and dynamic loads connected with harvesting, 

loading/unloading, transportation, sorting and other manip-

of tissues, like e.g. the turgor pressure, which varies under 

on the soil environment, cultivation technology, as well as on 

duration and conditions of storage and the part of root selected 

Investigation of mechanical properties of vegetables are 

frequently considered as the addition to biochemical investi-

gations dedicated to quality of particular varieties and their 

investigations connected with rheological characteristics of 

agricultural products. Investigation objects have comprised 

Calorimetric investigations have been carried out with 
®

of water and ash contents in the root tissues of the selected 

parsley varieties has been performed with the use of thermal 
®

Instead, the analysis of carbon (C), hydrogen (H) and ni-

trogen (N) contents has been performed with CHN module 

of True Spec instrument, and sulphur (S) content with the 

sulphur module.

have been performed on the strength testing machine Zwick/

Roell
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The investigations have been carried out for the follow-

ing stationary parameter values: 

– F
v

beam/sensor assembly);

2

during measurement).

The investigations have been carried out with fresh ma-

parts of the parsley roots (the top part and the central one), 

along the longitudinal root axis and in the transversal direc-

root part and for both directions of sample cutting.

-

ed together with calculations of average values of: maximum 

destruction forces, strains directly before the moment of 

sample penetration or destruction, energies and at the same 

time calculations were performed for such parameters as the 

The average water content for the investigated parsley va-

rieties was equal to 75.22%. The highest water content, equal 

average water contents in tissues of the investigated parsley 

varieties, expressed in percentages, are shown in Figure 4.

The ash contents in the investigated parsley varieties 

all the investigated parsley varieties. The average percentage 

values of ash contents for the investigated parsley varieties 

are presented in Fig. 5.

It was stated on the basis of the performed investiga-

tions of chemical compositions at the angle of carbon (C), 

hydrogen (H), nitrogen (N) and sulphur (S) contents in 

parsley roots that the highest share in chemical composi-

Fig. 1. Fig. 2. Stand for thermal gravimetric measurements.

Fig. 3. 
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tion is for carbon. The average content of this element in 

varieties. The nitrogen content in chemical composition of 

this element was stated in Halblange variety, in which the 

for this element, equal to 1.75 %, was observed in Sonata 

Ta b l e  1 .  

Parsley
Contents of chemical elements 

[%] values
[kcal/g]C H N S

Roksana 44,52
Cukrowa 1,42
Halblange

Sonata 1,75

Warta 44,42
Wistula
x 43,79 6,42 1,16 0,18 3855,7

Table 2 presents the average values of destruction force 

F
max

 [N], strain directly before the moment of sample de-

max
 [mm], work W to F

max
 [Nmm] to the moment 

u

the differentiation was stated in the measured and calculated 

values of parameters of the investigated root parsley varie-

ties. The highest resistance against mechanical damage was 

The lowest average amount of energy needed for destruction 

of parsley tissuewas stated for Roksana variety – 1485.7 

E
u

the lowest one – in Roksana variety (E
u

max
 [N] penetration force for root 

peel and tissue, strain directly before the moment of sample 

max
 [mm], work W to F

max
 [Nmm] to the mo-

On the basis of the obtained investigation results and cal-

culations the differentiated values of the analyzed parameters 

were stated. The highest resistance against penetration of root 

peel and tissue was noted in Cukrowa variety (77.5 N), while 

before penetration was in the range 4.5-5.5 mm. The average 

The average destruction stresses for root peel and tissue were 

variety). 

Ta b l e  3 .  

process of penetration of peel and tissue of the root parsley with 

the punch 5 mm in diameter 

Parsley variety

Part of root selected for sampling

Top part of the root 
Central part of the 

root

Parameters

F
max

[N]
max

[mm]
F

max

[N]
max

[mm]

71,74 5,52

4,82

5,28 5,52

4,45 71,82 4,22

5,45 4,72 5,55 4,12

5,47 4,22 72,55 5,15

-

ance of parsley roots against mechanical damage:

–  part of root selected for sampling and load applying 

direction,

– parsley variety.

– The water contents in fresh parsley roots were differentiat-

ed. The highest water content was noted for Wistula variety 

– The average values of penetration force of peel and tissue 

of parsley roots with a punch 5 mm in diameter were within 

Cukrowa variety. The lowest values of penetration force 

for peel and tissue were noted for top parts of the root.

Ta b l e  2 .  

investigated varieties of root parsley

Parsley
variety

F
max

[N] F
max

 [mm]
W to F

max

[Nmm]
u

Cukrowa 1,5 5,2

Halblange 1887,2

2,2

Roksana 1485,7

Sonata 1,7 5,5

Warta 1,8

Wistula



– The average values of destruction stress for tissues of 

the analysed varieties of parsley roots were differentiated 
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Summary: The present paper describes the components of intel-

ligent electric systems used in the building automation systems 

-

system as an example combining the tasks performed by a con-

ventional system and introducing multiple new functionalities 

making it possible to control individual systems in the building, 

Key words: heating, control, intelligent, designing, integration, 

installation.

INTRODUCTION

-

[21]. Therefore, newly erected objects are equipped with the 

systems enabling energy minimization through the cognizant 

energy management i.e. the systems controlling the devices 

operation in a manner imposed by operating personnel in 

Due to technological development, the contemporary 

buildings should ensure proper and effective working condi-

tions for their users [14]. It is possible to achieve this goal by 

means of the state of art, integrated and automated electric 

installation systems. Therefore, the designers are required to 

perform a completely new task as a result of such approach 

to the designing and completion of electrical installations 

on the basis of technical novelties. In recent years, increased 

requirements have been observed in the scope of forming 

a microclimate in rooms. The assurance of proper air quality 

(described by means of temperature and humidity) becomes 

an essential task to be performed by an intelligent building. 

-

the heating, ventilation and air – conditioning in the rooms 

-

-

wide and to the most popular solutions in the scope of build-

ings automation in global scale. The features of an intelligent 

building are demonstrated by the degree of integration of 

important element of a modern and fully automated building. 

The technological progress in the scope of building sector 

contributed to the use of more and more new and complex 

systems dedicated for devices controlling. Due to such com-

plexity and diversity of installations, it was necessary to intro-

duce a system enabling the management of the whole system 

factor consists in the fact that it is impossible to manage the 

building energy resources by means of old type installations. 

In practice, an intelligent building makes it possible to save 

in case of reduced stability of daily and monthly distribution. 

With increasing speed of our life, we are more interested in 

the comfort of buildings and in their convenient use. Routine 

everyday activities can be performed by the building manage-

ment system to be controlled properly by all of us as the users.

Pursuant to building law, the designers of ventilation 

systems are required to meet determined requirements to 

ensure proper conditions in the scope of hygiene and energy 
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caused by the persons occupying a room and by the devices 

installed therein.

The amount of air to be removed within one hour from 

buildings. In public utility buildings, the requirements can 

be met on the basis of fresh air supplied to each person 

staying in such room.

The issues associated with thermal comfort perceived 

PPD indicators and local thermal comfort criterion” and the 

-

ment, encompassing thermal conditions, inside air quality, 

as well as its temperature and humidity. The indicator deter-

mines the mean vote for thermal environment in the rooms 

(people)) is the next thermal comfort indicator, closely as-

sociated with thermal comfort. It must be recognized that 

owing to individual perception, it is impossible to achieve 

identical thermal comfort that can satisfy everyone in the 

same room.

– Class C – PPD < 15%.

Therefore, it can be concluded that the requirements 

applicable to class C are met by the majority of objects in 

to saving of natural resources due to their decreasing 

amounts and increasing prices. The majority of object 

resources in the form of thermal and electric energy orig-

inates from natural resources processing. Therefore, ra-

tional use of electric energy or thermal energy generation 

became a priority.

integration encompasses the integration of object security 

systems as well as building automation systems. The pur-

together: burglary and attack alarm system (SSWN), access 

order to enable proper building safety management and to 

The building automation system encompasses the control 

functions in the scope of heating, ventilation and air-con-

ditioning as well as the control functions in the scope of 

shutters, lighting, lifts, doors and their power supply system 

(including holdup systems).

The purpose of the building automation systems inte-

network is often used for this task. Simultaneously with 

increasing prices of electric energy, the reduction of en-

ergy consumption in the building causes more and more 

problems. 

costs. For example, the cooperation of systems with each 

other in the scope of temperature comfort and ventilation 

in determined room of the building can be commenced 

at the time of logging in to the system by means of em-

maintained on an economic level after its logging out. 

The heating, ventilation and air-conditioning control in 

the comfort of work and is possible by means of simple 

of integrated systems in the building. There are many 

examples and manners of correct energy management, for 

instance the heating planning system in the room. Regular 

network, temperature can be controlled in advance. In 

order to achieve the temperature of 21oC in the room at 

of 15oC. It does not make any big difference but, according 

to an energy balance, the savings on room heating for the 

employees are possible. This solution is also comfortable 

because none of the employees is responsible for heating 

Respiratory tract diseases (for instance asthma) are 

possible as a result of non-compliance with applicable 

standards and regulations (and consequently poor venti-

lation and breathing contaminated air) and prolonged stay 

in the rooms with poor ventilation leads even to cancer 

generation. 

Carbon monoxide poisoning is most dangerous for 

humans due to colourless and odourless character of this 

chemical compound and may lead even to death.

-

sonnel, the impact of poor ventilation on the building (its 

structure and appearance) is also unfavourable and leads to 

heat losses, as shown in Table 1.



The central control becomes a necessity in case of light-

heating, ventilation and air-conditioning system in many 

public utility buildings. The main focus is on maintaining 

the air quality parameters conforming with applicable laws 

system is selected by many companies in order to meet 

these expectations. The sensors, actuators and panels are 

supplied by various manufacturers and selected in a manner 

ensuring optimal functioning of the whole control system 

and its economy with consideration of selected transmis-

sion medium. 

Indoor air quality is measured by means of temperature 

sensors (thermostats), humidity sensors and carbon dioxide 

concentration sensors. These values are transmitted to air 

– conditioning controller ensuring the air – conditioning 

control. 

The required data for the system i.e.: wind direction and 

-

possibility of remote control and information receiving by 

means of mobile telephones and the Internet. The settings 

of heating, ventilation and air-conditioning can be selected 

automatically, in accordance with the schedule.

mode on the basis of signal informing about open or closed 

in case of complex control systems, like the heating, ven-

as well as remote access to the object and measuring data 

archiving.

processor and able to support all modules provided with 

connection I. The measurement values are directly affected 

by the installation place. The following factors should be 

on the sensor as well as the height of its installation and 

distance from adjacent heat sources (lamps, ventilation 

after status checking for the module currently connected 

-

determined value of hysteresis associated with its reaction 

but not exceeding the sensor accuracy. It is also possible 

to program proper response of module for threshold values 

contained in the program.

Ta b l e  1 .  

under window stools, in the corners of the rooms and behind 
furniture.

irrita-
tions of the nasal mucosa, irritations of throat, skin irritation, 
allergic reactions.

Destruction of building structure, humidity penetration into 
walls and their gradual reaction.

Condensed water vapour on cool surfaces of walls and objects.

system.

Fig. 1. Fig. 2. 



Indoor sensor with miniature dimensions enabling its 

-

cessor establishing gradient dependent noise free values and 

the impact of environment on potentially occurring meas-

urement errors should be taken in account at its installation. 

The programming is identical to the method applied in case 

Fig. 3. 

Fig. 4. 

The sensor is supplied with special holder enabling 

its installation in any location without excessive jump-

ing out. 

setting on central heating radiators. The device is provided 

with opening angle electronic meter and used for heating 

control in the rooms instead of conventional radiator shutoff 

knob. It is possible to connect maximum 5 actuators to one 

output in the module.

The transparent cover installed on the housing is also 

used as the lever in order to dismantle the valve from its 

Weather station consisting of light sensor, rain sensor 

and wind intensity meter including proper cables. The whole 

set is contained in two protective boxes which can be in-

stalled on the wall or mast. Proper parameters are set by 

means of appropriate software supplied by the manufactur-

er. It is possible to change the sensitivity of rain sensor by 

means of built – in potentiometer. This sensor is subjected 

to maintenance consisting in contacts cleaning after deter-

mined period of use.

Fig. 8. 

Fig. 5. 

Fig. 6. 

Fig. 7. 



The designing of an intelligent building encompasses 

the following basic phases:

management system concept.

– Design.

– System installation and programming.

– Warranty and post-warranty service.

impossible to fully utilize system capabilities. Therefore 

an audit is necessary to eliminate the differences between 

is less or more necessary, depending on types of objects. It 

is not required that an object should be provided with all 

-

In designing phase, it is necessary to consider the pres-

ence of other systems in the building and to answer the 

question whether the intelligent network will be integrated 

with said system and to determine the degree of integra-

tion. Furthermore the designer is required to consider the 

functions which will be performed by the system and to 

anticipate the use of alternative energy sources. 

The models are often created in order to enable the anal-

ysis of building installations and to establish the assumptions 

for energy saving buildings control. The model illustrated in 

Fig. 8 has been used for testing of installations in an energy 

saving building.

thermostats integrated with electro – valves have been in-

possibility to control and to maintain the temperature in the 

room on preset level. Windows opening sensors have been 

installed additionally in order to reduce heat losses and to 

directly improve rooms heating effectiveness.

been installed in order to ensure proper ventilation in the 

rooms. Slot diffusers have been mounted in walls or close 

to the ceiling as well as air supply and exhaust elements i.e. 

the diffusers mounted in ceiling have been applied in the 

gravity ventilation elements, the devices enabling air change 

control and air temperature control for the air supplied to 

been designed. The principal purpose of an air curtain is to 

create a visible barrier between the rooms being heated or 

air – conditioned and its surroundings. These devices are 

applied in order to improve thermal insulation properties of 

the room where they are installed. Therefore, they are usu-

ally installed in the areas in vicinity of windows and doors 

characterized by the highest heat loss. One of the rooms in 

the building (kitchenette) has been equipped with kitchen 

extractor hood. This device is usually operated during short 

period of time but its output is high and air extracted from 

the rooms contains high amounts of contaminants (mainly 

fats). Therefore, any connections of kitchen extractor hood 

with the main ventilation system are avoided.

The purpose of the present study was to present and 

building and to elaborate the installation design for an of-

Fig. 9. Switchgear model

Fig. 10. 



building automation systems and the concept of intelligent 

contained in these systems, their intercommunication and 

programming were described thereafter. 

The following general conclusions are drawn from the 

considerations presented in this study:

1. The integration and central control solutions are nec-

essary in many public utility buildings owing to large 

number of installed building automation systems in case 

of the following systems: lighting, shutters, safety sys-

and ventilation system. The main focus is on maintaining 

the environment quality parameters (e.g. air temperature 

directives in the scope of work conditions.

2. Heat losses and unfavourable impact on the building 

(its structure and appearance) are possible as a result of 

non-compliance with applicable standards and regula-

-

able health consequences for personnel (e.g. respiratory 

tract diseases, asthma) and prolonged stay in the rooms 

with poor ventilation leads even to cancer cases. 

systems, regardless of their capabilities, have their own 

advantages and disadvantages. Future users of intelli-

market; i.e. the system which could attempt to meet their 

individual needs in the most complete manner.

it possible to create a place with high comfort, conven-

ience and safety for its users and to improve electric 

energy quality and its saving. The saving level and safe-

integrated systems in the building. The tasks associat-

completed in the scope of system operation reliability 

requirements in work and rest environment.

5. Due to low additional expenditures incurred for sys-

tems integration, the intelligent building systems become 

is very short, particularly in case of objects with high en-

objects, educational objects). From an economic point of 

view, the best solution consists in control systems instal-

lation in the object already in its construction phase. In 

such a case, the cost of control systems is equal to only 

1-2% of total costs incurred during its whole service 

life. On the other hand, these systems make it possible 

to reduce the costs associated with later operation and 

maintenance of the building by about 75%. 

the buildings can bring positive effects in micro scale 

(residential building, enterprise etc.) as well as in macro 

scale (whole economy).
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Summary. The paper presents an application of the empirical 

-

nents of the solar radiation curve. Results of the measurement 

of the solar irradiation for a few typical days are presented. The 

measurements were taken with a frequency of one sample per 

second, which is a high value as for solar radiation. Then the 

data were resampled with lower sampling frequencies, directly 

and after eliminating fast changing components with the use 

of empirical mode decomposition. For each case a daily solar 

energy was calculated. 

Key words: 

solar radiation.

INTRODUCTION

-

as “agro-energy” [14].

The solar radiation, depending on the weather conditions 

on a particular day, may have various levels of variability. 

On a cloudless day or when the sky is covered with even-

ly distributed cloud layer, the insolation changes slowly 

the sky is covered with small clouds (for example cumulus 

clouds), the radiation changes very quickly.

Due to the shape of the current – voltage curve of the 

-

erator – electrical load depends on how the load matches 

the source. In systems with battery, instantaneous values of 

the solar insolation are not that important – presence of the 

-

ferent situation, due to aforementioned problem of matching 

system without battery. It is of special importance in case 

may be employed. 

Therefore, when analyzing the operation of systems 

powered by photovoltaic generators, it often happens 

that in addition to the sum of energy in a given day the 

calculations are performed using the data from measure-

ments of the instantaneous values of radiation intensity 

(as in [15]). The highest accuracy is achieved by using 

high sampling frequencies, but such an approach gener-

ates huge amounts of data which in case of long lasting 

measurements can be inconvenient because of the storage 

space required and CPU usage when this data is used in 

computer simulations. The solution is to properly choose 

the sampling frequency, however the sampling points are 

chosen randomly and it may happen that that the sample 

will be taken in a moment which is not representative for 

a given period, for example in a temporary, short moment 

of cloudiness. 

frequency, process it in order to eliminate (average) the high 

volatility and then to resample it with lower frequency for 

data archiving.

-

solar radiation curve.

-

od which can be applied to any complicated data set in 

functions. It is applicable to non-linear and non-stationary 

processes [1, 4, 5]. 

an assumption that any data consists of different simple in-



1. in the whole data set, the number of extrema and the 

number of zero crossings must either be equal or differ 

at most by one; 

and

minima is zero.

process. It can be described by the following steps, assuming 

that x(t) is the source data:

1. Find all the local extrema (minima and maxima) of x(t),

2. Interpolate the extrema with a cubic spline: the maxima 

will create the upper envelope eup_n(t), the minima will 

create the lower envelope elo_n(t),

upper and lower envelope according to the following 

equation:

2
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4. calculate the residue hn:

nn mtxh )( ,, (2)

5. the steps 1 to 4 are repeated treating hn as the input data 

until a stoppage criteria is met. 

There are two approaches to the stoppage criteria. One 

is to calculate normalized squared difference between two 

successive sifting iterations n and n-1 [8]:
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and continue the iterations until the SDn is small enough. 

This criterium, however, does not guarantee that the function 

will have the same number of zero-crossings and extrema, 

even if the value of SDn is lower than a given threshold value.

the fact whether the signal obtained in the last iteration has 

the same number of zero-crossings and extrema. With this 

criteria, the sifting process will stop only after S consecutive 

times when the number of extrema and zero-crossings differ 

at most by one. The value of S proposed by Huang et al. is 

between 4 and 8 for optimal sifting. 

If the stopping criteria is met the hn

Subtracting x(t) and IMF1 gives the residue r1:

11 )( IMFtxr , (4)

r1 contains longer oscillations and is treated as input 

data to the sifting process. In this manner the following 

IMFn or rn becomes smaller 

rn becomes a monotonic 

function.

Considering equation (4) and iterative nature of the pro-

cedure we may write that:

n

j

nn rIMFtx
1

)( .. (5)

the given signal x(t) into a series of n

of x(t

-

sent different levels of oscillations, eliminating the compo-

fast changing components of a given signal. 

One big advantage of decomposing the signal using the 

empirical mode decomposition is that there is no need to 

decide apriori which function will be used to represent the 

signal. In contrast, in traditional Fourier transform a sinusoi-

dal function is assumed and in wavelet transform the mother 

function needs to be chosen prior to the analysis.

Fig. 1. 

a) original signal (solid line), upper and lower envelopes with 

The short-circuit current of a photovoltaic cell is direct-

plane. The diagram of the measurement circuit is presented 

on Fig. 2. The sampling frequency was 1 sample per sec-

ond, which is a high value for solar radiation measures. The 

measurement was made with help of an application created 



Fig. 2. Diagram of the circuit for solar insolation measurement

The next step was to obtain two types of signals: 1) a sig-

nal created by resampling of the original signal with lower 

components of the originally measured signal and resam-

-

tave programming environment [4]. The script was also cal-

culating the daily amount of solar energy by using a signal

acquired with frequency of one sample per second and the 

and relative errors of daily energy estimation were calculated 

with an assumption that the original signal is error-free.

faster oscillations.

changes of the solar irradiation are removed.

The analyzed data was solar insolation curve registered by 

-

faster oscillations were removed. The calculations were 

example 5 means that the signal is reconstructed from the 

Fig. 3. 

Fig. 4. 

included in the signal reconstruction on the relative error for 

The results show that when applying shorter sampling 

intervals (higher sampling frequency) the error of calculating 

the daily energy is usually less. There are, however, cases 

the relative error is lesser, compared to longer intervals. The 
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is similar. The results show that we should not eliminate too 

Otherwise, the results may become unstable – producing 

a generally random error. 
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oscillations with the described procedure decreases the 

error further. 

-

out signal filtering allows for high measurement accuracy. 
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and calculations performed, it is necessary to use longer 

sampling intervals it is advisable to perform the meas-
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will allow for higher accuracy of calculations made using 

the prepared data.
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Summary. The article contains materials on the bio-energetic po-

of bioenergetics. In the area of bio-energetic, technologies which 

use renewed organic resources, the so-called biomass for energy 

and gaseous kinds of fuel, warmth, chemical substances and other 

materials were discussed.

Key words: bioenergy, power resources, biomass sources, ag-

ricultural production waste, recycling of waste in agriculture.

INTRODUCTION

in the south, the Russian Federation in the east and Poland 

national economy (sands, bushes, swamp so forth) compose 

15% of total area [7]. 

in Fig. 1.

-

tion of cultures traditional for the temperate latitudes. In the 

plant growing the predominant grains are barley, rye, wheat, 

potatoes, feed crops. 

In connection with the structural conversions and the 

orientation to the renewed energy sources in the Republic 

the volumes of the cultivation of leguminous and oily cul-

tures are enlarged. 

In the stock raising in essence large livestock is reared 

for the production of milk and meat, but also pigs and 

poultry.

is presented in Tab. 1.

Fig. 1. 
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Ta b l e  1 .  Cattle and poultry livestock at the beginning of 

each year

horned
livestock

Cows
of dairy 

herd
Pigs

Sheep
and

goats
Horses Poultry

122 28,7

124 147

1452

4151 1445 127 125

4151 1478 124

4247 1477 125

Note: The poultry is resulted in millions, the others in thousands

of conditional fuel [1]. The forecast of total consumption of 

Ta b l e  2 .  The forecast of total consumption of fuel and energy 

Fuel and power 
resources

Natural gas

Coal 2,4

Nuclear fuel 11,4

18,5 22,7

Others 17,7 21,7

-

ter, but it is perfectly integrated into the general uniform elec-

tric network in the other states (the scheme of a power supply 

Fig. 2. 

-

power supply systems has been in operation since February 

-

larus power supply system not only provides the reliability 

of electricity supply to consumers of the Republic, but also 

participate in the realization of steady parallel work of power 

the electric power for the purpose of optimization of electric 

balances of the parties, and also to give reserves of capacity and 

to render the emergency help in extreme situations [4]. Within 

imports the electric power from Russia and Ukraine, exports 

Fig. 3. 



resources, a so-called biomass for energy manufacture, in-

kinds of fuel, warmth, chemical substances and other ma-

terials. The bioenergetics after the sun is the most powerful 

renewed energy source [15].

Fuel from a biomass starts to become more popular be-

using biopower sources reduces pollution, helps to supervise 

emissions of carbon dioxide [14].

What is the biomass and how it can be used for warmth 

and electricity reception?

origin, products of life processes and various organic waste. 

United Nations the annual gain of organic substance on 

energy, which is ten times more than annual consumption 

The basic directions of use of biomass for power:

1st group

– Fire wood (coniferous, deciduous breeds and fast-grow-

ing trees),

peat),

2nd group

– Pyrolysis,

3rd group

4th group

5th group

-

getics is economically expedient and technically realizable. 

annually formed [2].

Ta b l e  3 .  

livestock
Pigs

This waste (practically without their preliminary pro-

-

sides advantage, they simultaneously cause a considerable 

of animal industries’ enterprises, in particular pig-breeding 

farms, get to reservoirs. Such sewage contain a considerable 

quantity of biogenic elements among which there is phospho-

rus and nitrogen promoting mass development of seaweed.

– Products of natural vegetation (wood, wood waste, wood 

dust and peat),

– Photogenes biomass (raps, straw, oil cake, silo, etc.),

– Waste of human life processes ( solid household waste, 

waste of industrial production and deposits of treatment 

facilities),

tops of vegetables, etc.),

technical glycerin, meat waste, milk processing waste, etc.),

– Specially grown up fast-growing agricultures, plants and 

wood plantings.

-

The potential energy included in solid household waste, 

-

sand tons of conditional fuel.

which is available in all large cities and creates problems 

with its warehousing. Only in regional cities, the processing 

of annual municipal waste into gas would allow to receive 

-

cessed [5].

only from biogas yield, but also on the basis of the ecological 

component which will be essential in the given problem.

For obtainment of useful products or substances the bio-

mass demands processing which has complex character and 

allows to solve a number of extremely important problems:

– Sanitary-ecological (disinfecting of waste);

-

ers);

– Power (obtainment of qualitative fuel, and then thermal 

and electric energy);

– Social (improvement of working and living conditions, 

increase in productivity of agricultural crops, increase of 

application etc.).

-
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Understanding the importance of the question of waste 

the complexes working on the waste from agricultural pro-

-

-

The republican unitary agricultural enterprise «Pig-breed-

-

period it is planned to construct six biocomplexes on treat-

ment facilities and 5 biocomplexes on distilleries. 

-

-

about 15 million $) [12].

It is necessary to notice, that the main ecological ad-

vantage of the “know-how” of biogas consists of reduction 

of emissions of methane, carbonic gas and nitrogen oxide 

in atmosphere. During fermentation process exactly such 

quantity of carbonic gas which has been absorbed before 

by plants in the course of photosynthesis is allocated, and 

effect than carbonic gas, as it is caught and not dissipated 

State policy realization in the sphere of use of renewed 

energy sources is carried out according to the following 

documents:

-

and thrift – primary factors of economic safety of the 

4. The republican program of rational use of power re-

5. The national program «Development of local, renewed 

there is the searching for and commercial operation of alter-

native energy sources on the basis of modern world technol-

of agrarian economy and development of rural territories 

The major problems of development of agriculture are 

the formation of competitive, ecologically safe manufacture 

of the agricultural production, fully satisfying the internal 

requirements of the State, growing export potential as well 

The prior directions providing an increase of agricultural 

production concern:

– Creation of highly effective integration structures of cor-

porate type on technological grocery chains from manu-

of an effective utilization of industrial and climatic con-

ditions, manpower, infrastructures of sale in the country 

and abroad with orientation to requirements of the pro-

cess industry and demand in the foodstuffs world market.

raw materials, introduction of new equipment and tech-

nologies allowing for deep processing of raw materials, 

greater assortment, and also the provision of output with 

high added cost.

-

tenance of ecological safety, effective utilization of natural 

resources at preservation of integrity of natural complexes, 

including the unique ones. The basic directions of its real-

ization can result in:

– Considerable improvement of the environmental com-

ponents quality on the basis of an increase in the tech-

nological level of production.

– Reduction of volumes of formation of waste, emis-

sions of polluting substances into the atmospheric air 

prevention of pollution of underground waters, soils and 

degradation of agricultural grounds.

– Realization of a complex of actions for the prevention 

and minimization of the harm caused to the environment 

by accidents of techno-genic and natural character, at the 

expense of carrying out of preventive organizational-tech-

nical measures in the sphere of manufacture, working out 

and introduction into practice of modern methods, technol-

ogies and equipment for hydro meteorological supervision 

and preparation of hydro meteorological forecasts.

– Increase in the level of waste involvement in the civil 

turn, neutralization of the accumulated dangerous pro-

duction waste.

Fig. 4. 
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– Preservation of biological variety, natural landscapes, 

natural ecological systems by the development of espe-

cially protected natural territories network.

– Development of the National system of monitoring of 

environment on the basis of introduction of progressive 

technologies of supervision, data gathering, reception 

and representation of ecological information.

– Formation of ecological culture of the population 

through the educational system;

– Prevention of the ecological threats connected with the 

increase in emissions of hotbed gases in atmosphere, an-

thropogenic change of climate and technology-induced 

accidents.

1. To lower power consumption of gross national product 

2. To provide economy of power resources (in comparable 

-

balance of power resources for manufacture of thermal 

The program of building of the power sources working on 

– Reception of biogas and its use for the development of 

electric and thermal energy with the view of replacement 

of imported fuel and energy resources.

– Obtainment of high-quality organic fertilizers.

– Reduction of the contamination of areas under crops 

from the use on them of unprocessed organic chemistry.

energy and for the replacement of imported natural gas in 

volume greater than 145 thousand tons of conditional fuel.

Realization of the national program «Development of 

local, renewed and nonconventional power resources in 

-

tions as well as housing and communal services, micro-

biological industry and on ranges of the municipal and 

– Introduction of 184 solar power plants for the needs of 

hot water supply.

potential secondary power resources and geothermal 

-

using fuel and energy resources gets the special importance 

for the Republic. The economy becomes not simply oblig-

atory principle of managing, but the major requirement of 

maintenance of national safety of the State.

– Reception of new data on resources of biofuel and its 

characteristics.

– Studying of processes and creation of bases of technol-

ogies of preparation, processing and biofuel conversion 

in power production.

– Studying of accompanying environmental problems, 

including pollution of surrounding space by production 

of waste and harmful gas emissions.

– Working out and substantiation of technologies of using 

materials from waste processing for manufacture of fuel, 

warmth and electric power.

-

sources for manufacture of fuel, warmth and electric 

power, including their use in small agricultural towns.

There is the basic direction in recycling of waste in ag-

riculture, including processing enterprises of an agrarian 

complex (milk factory, meat-packaging plants, spirit man-

-

vate scale it is still necessary to work intensely. In immediate 

prospects, the organization of separate collection of food and 

refuse chute, the population will hardly voluntary carry out 

-

ed waste to destination is very important, and they are not 

later, there would be desires and the will to carry them out. 

Certainly, the State’s support is required.

-

Fig. 5. Financing of actions for rational use of energy 
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Summary: The paper presents the results of investigation of the 

consequences of accidents involving a farm tractor used in a moun-

victims of the accidents were analysed. The basis for analyses was 

Fund. The results of the analyses allowed for indicating the spec-

damage and the severity of injuries were determined. The tractor 

drivers sustain the injuries of a different kind than the other par-

ticipants of accidents (for example – the passengers). The drivers, 

apart from the upper and lower limbs injuries, sustain damage to 

irreparable damage to the body. In majority, it is 1-5% of perma-

nent damage to health. There are also fatal accidents. 

Key words: tractor, accidents, injuries.

INTRODUCTION

The principal element in agricultural engineering is a farm 

a million of farm tractors of different types are in operation. 

agricultural lands where they are used.

In mountainous lands, because of steep slopes, the work 

Classic, traditionally designed farm tractors should be able 

to maintain their stability on a slope of 12o. Special construc-

tions of mountain tractors are designed for working on the 
o. In Poland tractors of traditional designs 

are used in mountainous regions [5, 8, 11, 12].

i.e. on steep slopes, involves the risk of accident if due cau-

tion is not observed, when a tractor working with a unit

loses its transverse stability. Such accidents usually have 

considerable effects on mechanical damages of the tractor 

and the units (or trailers) co-operating with it and on the 

accident participants [7, 18]. 

In order to identify and classify the injuries sustained by the 

persons participating in such accidents, an investigation was per-

formed; the results of the investigation are discussed in this work. 

of using lands in selected counties is presented in Table 1.

The analysis of the above table comparing the charac-

teristics of examined counties shows that the part of the 

The accidents were analysed based on the documents of 

-

tation of all accidents that happened in agriculture. Therefore, 

as source material for analysing accidents with the participa-

tion of farm tractors. In the paper, we used the materials from 

-

lected. The authors assumed these accidents as a representa-

tive sample of the accidents with the participation of a farm

tractor in the mountain region.

The accidents occurred on the meadows and pastures 
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-

tors was a mountain tractor, adapted to work on a land with 

a steep slope.

-

cause of the small sample size, the results give rather quality 

than quantity information.

The number of accidents in individual counties is pre-

sented in Fig. 1

Fig. 1. Number of accidents with the participation of a tractor

in individual counties

From the source material it appears that the number of 

-

-

accidents correlates with the surface development in these 

the county total area. 

The most accidents with farm tractors in the mountain-

-

The results of the analysis of the accident participants 

age groups are presented in Fig. 2.

Fig. 2. 

above 51 years – 14 persons

shows that in a majority of accidents, the participants 

-

ous group, that is 28%, in mountainous regions includes 

people more than 51 years old is also large – 27% of 

all the participants of accidents with farm tractors. The 

persons, i.e. 17% of the total number of victims in such 

accidents. This age structure is presumably the effect 

of the advantageous opinion on abilities and routine of 

middle-aged and older people in the works using a farm 

tractor in mountainous regions. It is notable, at the same 

health problems, which can influence the increase of the 

number of accidents in country lands.

happened. In this period up to 14 persons participated in the 

accidents with farm tractors, ¾ of whom were the persons 

above 41 years old.

The analysis of the victims (driver, passenger, observer) 

Ta b l e  1 .  

County
Total area 

[ha]

Forests
and wood-

land
[ha]

Remained

lands and 

waste land

[ha]

Total
lands

Orchards Pastures

Tatra 1415

% of total 8 57 12

Nowy Targ 2212

% of total 11 1,5 21 14,5

% of total 52 7,4 41,1

% of total 44,7 8,7

% of total 58,2 1,5 11,8 5,4 12,7
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6

7
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Tatra county
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Fig. 3. 

The analysis shows that not only the persons actively 

participating in the works with a farm tractor: driver – 77% 

and passenger – 17%, but also passive observers of the event 

Statistical participation of the victims of accidents with 

-

ers to one injured driver.

Fig. 4. Cause of accidents

The analysis of the accidents causes demonstrates that 

more than a half – 52% of accidents is caused by wrong 

driving technique, not adapted to the current conditions, 

condition of the farm tractors contributes to an increase 

The operation of a farm tractor in a mountainous region 

needs knowing, experience, good equipment and perceptive-

ness as well as full concentration, because it often happens 

that some little error involves heavy accidents and injuries. 

The best solution for the work in mountainous regions is 

a mountain tractor, which by its design and technology in-

creases the safety and facilitates the work.

It results from the analysis of injuries severity of the vic-

tims of accidents with the participation of farm tractors, that 

persons) sustained constant, irreversible damage to health, 

of prolonged and constant injuries. The severity of prolonged 

damages to health, i.e. the percentage of damage to health, 

From the group of 52 persons, half of them will be disabled 

for life. The scale of danger involved in the work using 

Fig. 5. Injury severity rate of the victims

The location of the post-accident injuries is presented 

Fig. 6. 

The analysis of the post-accident injuries shows that 

lower (27%). Trunk injuries are ¼ of all the injuries. Head 

injuries and multiple-organ injuries are seldom encountered; 

they represent 25% of all post-accident injuries.

-

senger is presented in Fig. 7

Fig. 7. Comparison of injury location in accident victims: 
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It results from the analysis of post-accident injury loca-

tion in a driver and in a passenger, that the passenger mostly 

lower limbs. However, a comparative analysis demonstrates 

a difference in location of the remaining post-accident inju-

ries; 1/5 injuries of drivers are damages to trunk, a passenger

suffers such injuries twice less. It is similar in the case of 

head injuries – a driver suffers such injuries twice more 

often than a passenger.

The post-accident injuries to upper (Fig. 8) and lower 

Fig. 8. Post-accident injuries to upper limbs

the injuries to the upper limb self. The most frequent injury 

as a result of accidents with a farm tractor in a mountainous

region is collarbone fracture and sprain of hand as well as 

fracture within the shoulder. The most frequent injury is 

fracture – 45% of injuries, and less serious ones– bruise 

Fig. 9. Post-accident injuries to lower limbs

The analysis of the injuries to a lower limb shows that 

of all the injuries – next are damages to knee and shank 

(shin). The most common is the fracture of shin, knee sprain 

and fracture of thigh. Fracture is the most common injury to 

a lower limb. It happens in almost half of cases.

Decisive for the extensiveness of injuries are the follow-

ing factors: place, surface and energy of the vehicle impulse 

contact between the tractor and the victim. Furthermore, 

it is notable that the extensiveness as well as the quality 

of injuries would be dependent on the physical condition 

(properties) of a particular person. It depends, among other 

things, on the features like bone and soft tissue elasticity, i.e. 

Determinants of the injury type are the kind of the 

collision, the position occupied by the person and the 

safety measures used by this person, like safety cabin, 

The collected and analysed source material proves 

that the most common location of injuries occurring in 

both tractor drivers and passengers is a lower limb. The 

type of injury most commonly sustained by the victims 

is fracture.

Fracture is a break of bone continuity on its whole cross 

section. It happens under the action of an external force 

applied to the bone. These forces act on the bone until the 

moment of surpassing the allowable stress causing destruc-

tive deformations – crack and fracture of the bone.

The mechanism of the fracture depends on the position 

and direction of the force causing the injury. There are two 

principal mechanisms: direct – when the injury force acts 

directly on the bone, and indirect – when the injury force 

are the drivers. The injury type is determined by the acci-

dent run, the position occupied by the particular person, as 

well as the safety measures used by this person, like safety 

cabin, safety belts.

– The number of accidents within a representative sample 

from a mountainous region correlates with the region’s 

development.

-

ing technique, not adapted to the working conditions in 

a mountainous region and by problems connected with 

agriculture.

age group affected are people after 41 years of age. The 

-

– In the accidents, the injured drivers and passengers sus-

tain different kind of damages. The passengers are more 

exposed to the injuries of lower and upper limbs, which 

may be connected with jumping down the tractor during 

the accidents. The drivers sustain damages to lower and 

upper limbs as well, but they are exposed almost as often 

to head and trunk injuries. 

– In the accidents, half of victims sustain irreparable dam-

age to the body, though the severity of these injuries 

– 5% of permanent damage to health), however a farmer

with a leg or hand motor disability would have trouble 

performing his duties.
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– The work with a farm tractor in a mountainous region 

requires knowledge, experience, good equipment as 

well as perceptiveness and full concentration on the per-

formed task, because it often happens that some small 

error or an oversight results in heavy accidents. The 

best solution for the work in mountainous regions is 

a mountain tractor, which by its design and technology 

increases the safety and facilitates the work.
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Summary. This paper presents the results of analyses investi-

the compaction parameters of oakwood sawdust. The experi-

universal strength tester and a closed compression die assembly. 

average), and it more than doubled the mechanical strength of 

the agglomerate. Higher compaction pressure increased the de-

of binder contributed to agglomerate density and increased the 

Key words: compaction, pressure, binder, calcium lignosulpho-

nate, sawdust, biomass.

INTRODUCTION

Solid biofuels manufactured from plant biomass are the 

including sawdust. Those plant resources are characterized 

to make this raw material more suitable for energy produc-

tion. This is achieved by briquetting or granulating bulk 

In laboratory analyses of the agglomeration process, raw 

material is compacted in a closed compression chamber with 

a piston. Process parameters, including energy consumption 

and raw material’s susceptibility to compaction, are deter-

mined. Changes which take place in the material during com-

monitored. The compaction process and agglomerate quality 

are determined by process parameters as well as by the phys-

ical and chemical properties of the compacted material [5, 7]. 

-

cantly affects the compression process and the quality of the 

settings can lead to wasteful energy consumption, and they 

may lower the strength characteristics of the agglomerate. 

of lignin binders containing calcium lignosulphonate may 

adhesive properties, and it binds raw material components 

22]. The resulting agglomerates are characterized by greater 

density and higher mechanical strength which, in turn, low-

ers energy intensity of the compaction process, decreases 

storage requirements and facilitates agglomerate transport. 

The objective of this study was to determine the effect 

oakwood sawdust containing various quantities of calcium 

lignosulphonate.

The experimental material was oakwood sawdust sup-

obtained by cutting oakwood with a wooden saw with 22.2 

mm tooth pitch. The granulometric composition of sawdust 

density of raw material was described in line with standard 

material samples with 12% moisture content in the amount 

as a control sample. 

The pressure compaction methodology was described 
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tester with a closed compression die assembly and a com-

puter-controlled system for monitoring compaction param-

eters. Test parameters were as follows: chamber diameter 

-1. Sawdust was compressed at 

compaction process was performed in three replications.

The results were plotted on a compaction curve showing 

the correlation between compaction force and piston speed. 

The curve was used to determine process parameters: max-

imum material density in the chamber , total compaction 

effort (Lc L m-1, where : L – compaction effort, m – weight 

-

bility to compaction kc was calculated from the following 

formula:

)( nc

c
c

L
k -1 -3)), (1)

where:

initial density of raw material in the compression cham-
-3; Lc -1.

) was de-

termined. The degree of material compaction in the chamber 

Szm and the degree of agglomerate compaction Sza (volume

reduction) were calculated as the ratio of densities and

 to raw material density in the compression chamber 

(Szm= -1 -1).

The mechanical strength of the agglomerate was de-

-1

agglomerate with diameter d and length l was compressed 

along the perpendicular axis until damaged, and maximum 

breaking force Fn

ld

Fn
n

2

The correlations between binder content and moisture 

content of the examined material and compaction parameters 

i

describing the correlations between compaction and pressure 

parameters at various binder content levels are shown in 

correlations can be described by quadratic equations of the 

second degree or linear equations. 

were the predominant fraction. 

Fig. 1. Particle size distribution (P
i
) of the studied raw material

Particle size distribution of the analyzed material was 

conducive to pressure agglomeration. 

The average bulk density of raw material with 12% 

moisture content was determined at -3.

The results presented in Figure 2 indicate that the initial 

density of raw material in the compression chamber  in-

creased with a rise in pressure at all binder content levels zl. 

The greatest increase in agglomerate density ra was observed 

had no effect on agglomerate density. The highest values of 

the analyzed parameters were reported for sawdust with the 

highest binder content, and the lowest – for control material. 

Fig. 2. Correlation between material density in the chamber ( ),

agglomerate density ( ) and compaction pressure (P) at various 

binder content levels (zl)

-

terial with 2% binder content was determined in the range of 
-3 -3 for parameter -3

-3 for parameter ra. The applied binder had the 

greatest effect on sawdust density within the pressure range 

in the chamber and agglomerate compaction after storage 
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-

chamber

with initial density of raw material  regardless of its binder 

impact on the analyzed parameter within the pressure range 

Fig. 3. Correlation between the degree of material compaction 

(Szm), agglomerate compaction (Sza) and compaction pressure 

(P) at various binder content levels (zl)

The highest degree of agglomerate compaction Sza was 

reported in sawdust with 2% binder content compressed 

differences in the values of Sza were observed under the 

-

density of raw material. Similarly to the reported changes 

in the value of ra, the highest increase in agglomerate 

Lc -

paction pressure P are presented in Figure 4. Within the 

entire range of examined values, the analyzed parameters 

increased with a rise in compaction pressure. Such a trend 

was observed in all examined samples. The value of Lc
-1, and 

the value of kc -1 . -3))-1.

The highest values of the analyzed parameters were noted 

-

ples with the highest binder content (2%). This suggests 

between material particles and between particles and the 

walls of the compression chamber, leading to an increase 

compaction (Fig. 4).

Fig. 4. Correlation between compaction effort (Lc

of susceptibility to compaction (kc) and compaction pressure (P)

at various binder content levels (zl)

In all the analyzed samples, the mechanical strength of 

agglomerate  increased with a rise in compaction pres-

binder content did not lead to a noticeable increase in the 

increase in the value of  was noted only in control ma-

from sawdust with 2% binder content under the pressure 

-

chanical strength. 

Fig. 5. Correlation between mechanical strength of agglomer-

ate  and compaction pressure (P) at various binder content 

levels (zl)

were reported with 

different binder content of the examined material. Under 

material with 2% binder content was 44% higher on average 

in comparison with control. 
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The following conclusions can be drawn from the results 

of the study: 

1. The density of material in the compression chamber, in-

cluding samples with and without the addition of binder, 

increased by 18% on average with a rise in compaction 

-

crease in agglomerate density. The addition of binder 

2. The degree of material compaction in the compression 

chamber increased by 24% on average within the en-

tire range of tested pressure parameters. The degree of 

-

tibility to compaction increased with a rise in compac-

tion pressure values. The average increase in the former 

addition of binder decreased the analyzed material’s 

susceptibility to compaction. 

-

chanical strength of the agglomerate. In material with 2% 

binder content, the value of 
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Summary. 

management on the development of the company. It lists and 

describes the major problems resulting from the maintenance 

of vehicles, such as cost of fuel and insurance, expenses related 

to servicing of vehicles, conducting their periodic inspections 

and repairs, etc. It also considers the options to acquire savings 

that can be used for investments that could contribute to the 

development of the company.

Key words: 

exploitation supervision systems

INTRODUCTION

Dynamic growth of automotive branch enables greater 

-

able carrying out transport services related to passenger and 

cargo transport, personal cars exploited by the management, 

companies – the number of which is still increasing and this 

adds to greater competition on the services market – the cli-

ents’ expectations pertaining to transport quality and related 

fees are increasing, too. 

-

-

agement in a transport company make it possible to lower 

or cargo transport is not only an opportunity for getting 

regular orders, but also a chance for attracting new clients 

and developing the transport enterprise. Decreasing the 

investments having an impact on improved functioning of 

the company.

work organization for means of transport owned by the 

company. In order to guarantee operational readiness of 

-

ing diagnostic tests, it must be serviced at regular intervals, 

-

tive issues related to its maintenance, sale and purchase of 

cars, coordinating and supervising cooperation with service 

stations, etc. Duties of the person dealing with the vehicles 

-

encing its development and gaining a market position by the 

-

agement is using telematic technologies [14]. Implementing 

such solutions and their correct use in transport companies 

adds to extending the scope of services, lowering the costs 

and improving the quality of carried out transport tasks. Tak-

ing advantage of new technologies and providing the drivers 

with suitable training packages meant to improve their skills 

driving style [4,8,12]. Savings resulting from lower fuel 

consumption and smaller accidents rate add to generating 

-

bility, clients’ satisfaction, timely execution of tasks are all 



Fig.1. Entities 

deals [21]

and suitable vehicles management systems. This gives the 

company’s management an opportunity of having complex 

eternal company (outsourcing) enables better coordination 

over the remaining tasks. 

outsourcing to specialists who can relieve the staff employed 

They can add to limiting the costs related to vehicles main-

common practice, both in large corporations and small 

companies owning just several vehicles. They receive, as 

a package:

– inspections and repairs in authorised service stations, 

supervision over the liquidation process of motor insur-

ance claims, 

interim vehicle,

– special fuel cards, owing to which fuel costs at petrol 

stations can be settled in a non-cash way,

replace the cars into new ones and disposal of the exploit-

ed ones. The client is only to pay a monthly fee related to 

potential vehicles rental and control over the costs. The 

analyses and managerial reports pertaining to exploitation of 

to such report can be a list of all transactions realized by 

particular users, specifying dates, places, fuel type and quan-

-

agement can select one of several options described in Ta-

ble 1 [21]. There are also solutions meaning partial transfer 

of duties related to vehicles maintenance to an external 

partner. This pertains to revolving lease, a service package, 

insurance lease, as well as lease with a service package. 

Regardless of the option selected by the company owning 

has many advantages. It is a perfect solution for enterprises 

treating their vehicles as business means which, after some 

period of operation, depreciate and should be replaced into 

current exploitation of vehicles. 

Ta b l e  1 .  

Scope of duties

1.
Full service 
leasing

– pertains to taking over all duties related to 
vehicles service maintenance.

2. manage-
ment

– the entity placing the order remains the 
vehicle owner,

– the outsourcing company is only responsi-

– within the scope of the order we provide 
service, liquidation of claims and other 
elements that can be offered by an outsourc-
ing company,

– the clients purchase vehicles themselves 
and insure them.

company to the managing company and 
then leaseback of the same vehicles,

– the offer is addressed mainly to companies 

– taking advantage of this option can improve 

simplify settlements.

is crucial. Only an experienced and professional company 

can add to effective vehicles management, decreasing the 

-

pany’s development. 

The most important problems related to vehicles main-

tenance in a company include expenses concerning fuel 

purchase and their depreciation costs. The costs consti-

tute approx. 57% of general expenses related to owing 

on decreasing the vehicles’ book value and higher re-

-

-

istrative costs (Fig.2).

-

dition, one should implement various types of economy 

programs, effective control of all activities and optimization 

-

FLEET A TYRE

A FUEL 

IMPORTER 

SERVICELIQUIDATOR OF 

CLAIMS



the means of transport, the so-called TCO and ways of their 

the owned vehicles and hired drivers should be segregated 

-

ey is spent on and on what one can save. Such accounting 

restricts undue expenses and individualizes the costs per 

proper attribution of means of transport to execute a spe-

number of drivers. In solving the problem one can take 

advantage of most recent IT and telematic technologies, 

such as [11,14]:

damages,

– satellite navigation systems,

– geographic information systems,

– wireless communication systems.

localization online, sending text messages, data collec-

tion and administration, time evidence, as well as keeping 

a route record.

Depreciation

Taxes

Repair, tire 

maintenance
12%

Insurance

Fuel

24%

Credit cost

12%

Fig. 2. 

Ta b l e  2 .  Ways of reducing costs related to vehicles’ purchase and their servicing

Cost Costs reduction ways

Purchase of vehicles
controlling expenses related 
to the sales offer

paying attention, during vehicles purchase, to:
– newest technologies increasing the driver’s comfort and safety, 
– savings related to their exploitation (cars’ manufacturers present  the total 

vehicle maintenance cost for some period; the lower  CO
2
 emission, the 

rates),
– same brand of vehicles – this results in savings related to  vehicles’ 

servicing by one service station and thus a possibility  of discounts, faster 
repairs, inspections, tyres replacement, etc.,

Service

analysis of offers from 
service stations

punctuality and reliability of periodic inspections, pursuant to manufactur-
ers’ recommendations and guarantee conditions, because:
– an oversight related to this can result in a lost guarantee and  generate 

extra costs (purchase of new spare parts),
– an eventual failure may immobilize the vehicle for a longer  period and 

thus reduce its operational ability and value, when  intended for sale,

own repair service

-

– it guarantees high quality of performed services,
– low inspection and repair costs,
– fast and punctual inspections and repairs – this guarantees the  vehicle can 

be timely returned for operation.



Ta b l e  3 .  

Cost Costs reduction ways

Fuel purchase 
costs

fuel cards

non-cash transactions, owing to which the drives does not have to carry 
legal tenders (cash, debit card),

discounts for fuel purchase,

deferred payments terms,

unlimited access to on-line systems enabling:

– having permanent control over transactions realized by means of a fuel
card,

control over drivers working time, since their location and fuel purchase 
time is known,

fuel card and submitting them to companies, owing to what detailed fuel 

change of drivers’ habits:
– eco driving and defensive 

driving  training sessions,
– intelligent systems recording 

the driving  style

improvement of the driving style, increasing safety,

faster prediction of situations occurring on the road and thus better 
possibility of avoiding sudden braking and acceleration (also, accidents),

the environment,

selection of the optimum rout 
and its monitoring

lower fuel consumption,

control over the driver,

giving a vehicle at a user’s 
disposal only during business 
hours

this way one can currently control fuel consumption related to business 
strips during business hours,

analysis of offers from insur-
ance companies

selection of the best offer,

– negotiation of the proposed insurance policy terms and conditions,
– getting better conditions (more vehicles – better offer),

selection of an offer with extra options, i.e.: 
– third-party liability of motor vehicle owners which, in a package, includes 

also extra voluntary insurance,
– an interim vehicle,

giving up voluntary insurance 
consequences related to the vehicle or its equipment damage himself.

On the Polish market modern technologies supporting 

-

tems mainly to control the drivers and check their location. 

are used mainly for effective and dynamic management 

and improved functioning of the entire company. Finder 

-

tems. Characteristic features of the systems are presented 

in Table 4 [21].

Fig. 3. 



Ta b l e  4 .  

Finder Online

– this is a complex solution addressed to large, medium and 
small companies who want to increase work effectiveness 
of their companies,

– all data are recorded on a server by means of transmission,

operator and then the coded data is sent to the server,

and an internal battery enabling 48 hours uninterrupted 
operation without external power supply,

– the system is characterised with low current consumption 
and an aluminium enclosure that guarantees high resistance 
and aesthetic values.

– data transfer takes place similarly as in Finder system, i.e. 

countries,
– access to the system is possible through an Internet browser, 

by means of installing the software on the user’s PC, as 
well as by means of a mobile version available for a mobile
phone,

monitoring the means of transport and fuel consumption, 
planning the routes, analysis of the travelled route, sending 
messages and orders, data import from the driver’s card 
and a digital tachograph, supervision of service activities, 
insurance deadlines, generating reports, creating and 
mapping own spots and zones, searching for addresses, 
distance measurement, mobile system management and 
integration with other systems.

caused by implementing IT technologies in a company. Re-

sults of the tests are presented in Figure 4.

Fig. 4. 

implementation [21]

require complex and thorough analysis of transport tasks 

and making rational decisions within that scope. In order 

to facilitate management of the means of transport one 

should implement innovative technologies and telematic 

systems, because they guarantee quality and are a showcase

of a modern enterprise. They cause that a company taking 

advantage of such systems is becoming more competitive 

systems make it possible to reduce excessive costs related 

can be spend on making many investments.

management systems are meant to save many problems 

that enterprises face. They offer an opportunity of vehicles 

monitoring, determining optimum routes, constant contact 

between the employer and the driver, electronic collection 

of fees resulting from using the road infrastructure. Position-

ing of facilities on the map, with 1 m accuracy, and using 

open frequency, will be possible due to the implementing 

collect fees from truck drivers using paid sections of mo-

It also enables weighing the vehicle when in motion and 

avoiding penalties resulting from the vehicle’s overloading. 

protects the vehicle and the cargo against theft and use by 

unauthorised parties. 
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Summary. The aim of this study was to explain the effect of the 

2.5% additive of calcium carbonate or 5% additive of rapeseed oil 

cake for chopped plant material of topinambour, prairie spartina, 

-

calcium carbonate and rapeseed oil cake increased the durability 

and calcium carbonate had practically no effect on the change 

in this value. The most marked effect for additives was obtained 

pellet durability were observed.

Key words: pressure agglomeration, pellet, calcium carbonate, 

rapeseed oil cake, mechanical durability.

INTRODUCTION

The use of alternative energy sources, including biomass, 

technology is not complicated and thanks to the availability 

of cheaper raw material its use for energy purposes is more 

way of converting biomass is pressure agglomeration, which 

improves the properties of solid biofuels [4].

One of the stages in the process of pressure agglom-

eration is conditioning. This covers a range of activities 

and treatments that are designed to activate natural binders 

in the material [12]. During conditioning it is possible to 

add water or steam to the material in order to soften the 

lignin and hemicellulose, which improves the pelletisation 

process and results in more durability and better physical 

or other additives.

common [21], there has appeared an interesting possibility 

-

glomerates improved with appropriately selected binders.

Substances that increase pellet consistency are binders, 

which means that they support the pressure agglomeration 

process and, at the same time, they improve their quality 

material in a sustainable product that meets standards and 

possibility of developing a new technology and obtaining 

against the absorption of moisture from the air, with reduced 

energy consumption) than before , which may not only affect 

the combustion process itself, but to a large extent reduce 

emissions of SO
2
, N2O

5
, dust, CO

2
, etc. [8].

-

-

ditives are often used in order to improve the quality of 

of additives are used: binders that improve bindings be-

tween particles and those that reduce energy intensity of 

pellets and improve their combustible properties. There is 

also an interesting possibility to use waste substances from 

agricultural production as additives for the production of 

pellets [15]. In addition to utilising these additives, it can 

be assumed that rational dosing of those substances can 

improve physical and chemical parameters of the obtained 

(calcium hydroxide, calcium carbonate) improves plastici-

ty of organic substance which is to undergo pelleting and 

on the basis of agricultural practice, it can be concluded 

that increasing the participation of protein improves pellet 



worsens it, but positively affects granulate energy [5, 18, 22].

For example, calcium carbonate increases ash melting 

point and thus reduces the risk of ash pollution on grades 

Such additive absorbs heat to decompose, at the same time 

decreasing the temperature of combustion, which in con-

sequence leads to a reduction in the amount of NOx. The 

process of pelletization leads, however, to binding of the 

water contained in plant material. With little moisture of 

organic substance, the durability of bond between particles 

is lower, which results in the reduction of mechanical du-

rability of pellets. In order to compensate for these defects 

value, eg. rapeseed oil cake, should be used in the mixtures.

The aim of the study was to determine the impact of the 

additive of calcium carbonate and rapeseed oil cake into 

energy plants shredded material on the physical properties 

of pellets produced from these mixtures in the pressure ag-

glomeration process.

-

ra ( ), prairie spartina (Spartina pectinata),

topinambour (Helianthus tuberosus

(Sida hermaphrodita) and polygonaceous (Polygonum sa-

chalinense) plantations. The raw material moisture content 

(wet basis) was determined using the dry-and-weighing 

The plant material was broken up on a stationary stand 

by means of a forage harvester and then it underwent pres-

basic parameters are summarized in Table 1.

Ta b l e  1 .  -

-
ciency

Power Weight Dimensions
Die

 die  hole hole length
–1] [kW] [kg] [mm] [mm] [mm] [mm]

7,5 8

Tests were carried out for each of the plants without 

the binder and with 2.5% of calcium carbonate or 5% of 

temperature.

-

mined at a stand made in accordance with the requirements 

–1

durability was calculated according to the formula:

,, (1)

where:

mp – pellet mass before trial, g,

mpt – pellet mass after trial, g.

Combustion heat was determined by the calorimetric 

calculated using the following formula:

,, (2)

where:

Wu –1,

Wt –1,

Ww – relative moisture of fuel,

H – relative proportion of hydrogen in fuel.

Pellet density measurement was made on a random-

group. Two series of measurements were performed within 

1 minute after the agglomeration process as well as after 

15 minutes. Pellet diameter was measured in two perpen-

measurements were made by means of an electronic digital 

mass of each pellet was carried out with an accuracy of 

7,52

1

2

4

5

7

8

m
o

is
tu

re
 [

%
]

topinambour polygonaceous spartina sida rose

Fig. 1. 



the density of the pellets was determined by the formula:

m

where:
–3,

m – pellet mass , kg,

V – pellet volume , m3.

Data analysis was performed using the Statistica com-

of variance and Duncan’s test.

With additives, pellets of similar size and shape changed 

their colors and appearance (Table 2). Pellets produced with 

the additive of calcium carbonate were characterized by 

a slightly cracked outer surface and were matte, rough, with-

out the characteristic glassy surface which is formed as a re-

sult of thermal conversion of lignin. Pellets with rapeseed oil 

cake were characterized by a darker color and a shiny outer 

surface with burnt lignin. Rapeseed oil cake reduced dust 

in pressure agglomeration, whereas the additive of calcium 

Ta b l e  2 .  Pellets after pressure agglomeration process

Pellets without additive Pellets with additive of rapeseed oil cake Pellets with additive of calcium carbonate

topinambour

polygonaceous

sida

spartina

rose



plant species, the type of the additive, and their interaction 

-

ical durability, as in all cases, the value of the critical level 

Duncan test (Table 4) allow the conclusion that in the case 

of both types of additives and pellets without any additive 

three distinct homogeneous groups of pellet mechanical 

durability values were formed.

Ta b l e  3 .  The results of the analysis of variance of factors 

affecting the mechanical durability of pellets from energy plants 

material

Source
Sum of 
squares

Degrees of 
freedom square

F
factor

p – value

4

2

Interaction:
8 54.1

1.1

Ta b l e  4 .  The results of the Duncan test of the analysis of mean 

values of the mechanical durability of pellets for homogeneous 

groups of plant species and type of additive

Factor Homogenous group

Plant

Topinambour x

Polygonaceous x x

Sida 74.78 x x

Spartina 75.45 x x

Rose 88.21 x

Type of additive

None x

Calcium carbonate x

Rapeseed oil cake x

Plant species formed four homogeneous groups, which 

included pairs of plant species of mixed system; this means 

of mechanical durability of pellets for the investigational 

in Table 5, a graphic interpretation of the interaction of the 

durability is shown in Figure 2.

Ta b l e  5 .  

and type of additive or its lack

Factor Population

Plant

Topinambour 72.87

Spartina 75.45 74.74

Rose 88.21

Polygonaceous

Sida 74.78

None 15

Rapeseed oil cake 15

Calcium carbonate 77.51 15

 without additive

 rapeseed oil cake

 calcium carbonate

topinambour spartina rose polygonaceous sida

Plant

75

85

D
u
ra

b
il
it
y
, 
%

Fig. 2. The interaction of the additive with the species of energy plants on mechanical durability of pellets



the effect of additives on the value rate change of mechan-

ical durability was the lowest and ranged within statistical 

error (Fig. 2). For other plants, additives improved pellet 

durability more effectively. The additive of rapeseed oil 

cake increased durability to a greater extent than the addi-

tive of calcium carbonate (Fig. 2). The additive of calcium 

carbonate and rapeseed oil cake allowed to increase the 

sum up, the greatest effect of additives was obtained for 

topinambour, spartina and sida, but for rose and polygona-

ceous practically no change in the pellets durability was 

recorded. Therefore the durability of the produced pellets 

draw any conclusions about its impact on the durability of 

pellets, especially since the moisture content of the material 

was covariate and was associated with plant species.
–1 for po-

–1 for spartina 

–1. Calcium 

pellets and the additive of rapeseed oil cake generally caused 

species of energy plants, the type of the additive used, the 

time of measurement and all of their double and triple inter-

On the basis of an analysis of the Duncan test (Table 7) four 

-

tiate the density of pellets because it formed homogenous 

groups with the additive of rapeseed oil cake and without 

any additive. Table 7 summarizes the mean density of the 

pellets determined after 1 min and after 15 min from the time 

of pellet production for comparison purposes only, because 

after 15 min indicates the expansion of the pellets associated 

with stress relaxation of the material between the particles 

Table 8, and the graphic interpretation of factors interaction 

on the density of pellets is presented in Figure 4.

4

8

12

topinambour polygonaceous sida spartina rose

-1
]

without additive
calcium carbonate
rapeseed oil cake

Fig. 3. 

Ta b l e  6 .  The results of the analysis of variance of factors affecting the density of the pellets from energy plants material

Source Sum of squares
Degrees

of freedom
F factor p – value

4

2

Time: C 1

8 47.5

4

2 21.4

8 47.1



Ta b l e  7 .  The results of the Duncan test of the analysis of mean 

values of the density of pellets for homogeneous groups of plant 

species, type of additive and measurement time

Factor –3 Homogenous group

Plant

Spartina x

Rose x

Topinambour x

Polygonaceous x

Sida 1218.51 x

Type of additive

Rapeseed oil cake x

Calcium carbonate x x

None x

1 x

15 x

additive was characterized by the highest density of pellets, 

whereas spartina with rapeseed cake had the lowest pellet 

the pellet production, the additive of calcium carbonate 

increased the density of pellets made of spartina material 

and after 15 min also of the material of topinambour and 

and rapeseed oil cake contributed to a slight decrease in 

of this inference requires an extension of research on the 

participation of additives, extended time of stress relaxation 

in the pellets, increasing the moisture content and diversity 

of agglomerate pressure.
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Fig. 4. The interaction of the additive with the species of energy plants and measurement time on the density of pellets

Ta b l e  8 .  

additive or its lack and measurement time

Factor –3 –3 –3 –3 Population

Plant

Topinambour 7.14

Spartina 7.14

Rose 7.14

Polygonaceous 7.14

Sida 1218.51 7.14

None

Rapeseed oil cake

Calcium carbonate

Time

1 4.51

15 4.51



1. The additive of calcium carbonate or rapeseed oil cake 

allowed to increase mechanical durability of pellets by 

2. The density of the pellets after 15 minutes was small-

production time, which indicates that expansion of the 

pellets is associated with stress relaxation between the 

particles of the material during their storage time.

-

tained for topinambour, spartina and sida, but for rose 

and polygonaceous practically no change in the pellets 

durability was recorded. However, pellets from rose 

were characterized by the highest values of the me-

be due to the structure and physical properties of that 

material.

4. Pellets produced with the additive of calcium carbonate 

were characterized by a slightly cracked outer surface 

and were matte, rough, without the characteristic glassy 

surface, formed as a result of thermal conversion of 

lignin. Pellets with an additive of rapeseed oil cake were 

characterized by a darker color and a shiny outer surface 

with burnt lignin. 
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Summary. 

poyoptimalization process of the test stand of subatmospheric 

press were discussed. The results, obtained in this way, are pre-

sented as electronic maps, tabular listing, charts and graphs. The 

proposed methodology of research is practically used to place 

orders for the needs of industry producing agricultural machines 

and devices, building industry and defense industry.

Key words: -

tact stresses, distribution of stresses in the soil, subatmospheric 

press, parametrization, polyoptymalization.

INTRODUCTION

The subatmospheric press is intended for cohering large-

size, multilayer composite elements. Composite elements 

are employed for the contraction of, among other things, 

self-supporting container constructions of various usage. Wall 

composite elements are also used in agricultural technology 

for cold store erecting and farm building construction [7].

In this work, practical aspects dealing with polyotimali-

sation of a digital model of test stand of the large-size press 

intended for subatmospheric cohering multilayer composite 

panels were discussed. The work on the project of the test 

In the project, a parametric digital model of the press 

-

tem application was created. Sample constructional variants 

of presses, with different selected geometrical features, were 

carrying on calculations of strength and stiffness for se-

lected constructional cases of main components and parts 

constituting the supporting structure of modeled test stands 

-

-

structive solution to the problem of press construction, 

Fig. 1. The test stand of subatmospheric presses

sections, is the basic constructive element of subatmospher-

ic press. The frame construction is constituted with two 

stringers and two outer cross-bars which are connected in 

a process of welding. The inner construction of the carrying 

frame’s truss was made of cross-bars which are perpendic-

ularly welded to stringers of the frame. Perpendicularly to 

outer cross-bars and inner cross-bars, struts were welded, 

placed in two rows in a particular way that they constitute, 

together with stringers and cross-bars, a uniform surface on 

which a unit of panels was placed [7].



The features which played the role of parameters were 

selected in the construction of the subatmospheric press. The 

assigned parameters were coordinates describing construc-

tive shape of particular constructive features and, determined 

on a stage of assumptions, values of layout dimensions [15, 

width SR, were determined in the construction of the press. 

It was presented in Figure 2.

The place for possible constructional solutions was gener-

ated, in the design process of the subatmospheric press, based 

on series of types [5] of the parameters. The determined unit 

of probable constructional solutions made realization of the 

assigned task of polyoptimalisation possible. The aim of this 

action was selection of possible constructional features of the 

subatmospheric press in order to optimise the basic criteria. The 

result of polyopimalisation is selection and conceptualisation 

of the concept of the press to be put into practical realization .

The units of values for the parameters, for which series 

of types of the construction of the subatmospheric press 

were set, are presented in Tables 1 and 2.

Ta b l e  1 .  
R
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R
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R
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R
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Ta b l e  2 .  The unit of the values for the S
R
 parameter [mm]

S
R
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R
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R
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R
S

R
(7) S

R
(8)

The whole number of choices for series of types was 

the further analysis was limited because of time consuming 

complexity of calculations for this problem. The need for 

comparison of options due to technological conditions of 

cohering process of composite panels, was an additional 

reason for the choice.

Table 3. Dimensional values of parameters selected from series 

of types of the optional variety of the subatmospheric press

Working name of optional selection 
from series of types of the press

R

[mm]
S

R

[mm]

C

D

The aim of optimization deals with selection, from 

the unit of acceptable solutions, such a solution for which 

the objective function (optimisation criteria) reaches the 

extreme value (minimum or maximum). In case of the 

task of polyoptimalisation, lots of criteria of optimisation, 

sometimes opposing one another [12], come into existence. 

Fig. 2. Constructional parameters for the carrying frame of the subatmospheric press.

Fig. 3. The numeric map of displacement of the frame of the subatmospheric press formed during the cohering process (subatmos-



Two criteria for the task of polyoptimalisation were set in 

the discussed case of the construction of the subatmos-

pheric press:

q
1
 – the weight of the press (the carrying frame, the support, 

laminated panels, the rebate) given in [kg],

q
2
– maximal displacement in [mm] of constructive elements 

of the press operated with implementation of subatmos-

The choice of the presented criteria was introduced due 

to the following matters:

– reduction of expenses spent on materials used to build 

the subatmospheric press,

– reduction of costs necessary to build the press (minimi-

sation of weight directly results in the drop of techno-

logical expenses, e.g. the welding process),

– reduction of deformations of the carrying frame of the 

subatmospheric pressure applied), due to this fact the 

circumstances affecting deformation of the formed ele-

ment (multilayer composite panel) are held down.

The value of the q
1
 criterion was determined based 

on a digital model of the press and qualities of materials 

used for its construction. This task was completed using 

the Inventor system by applying appropriate functions of 

this program (the Proprieties function). The value of the 

q
2
 criterion was determined in a digital model by applying 

Inventor. Pairs of numbers, valued for the q
1
, q

2
 criteria, were 

assigned for any constructional variety of series of types of 

subatmospheric press.

a2) point, whose values were determined in the process of 

polyoptimalisation.

The mathematical notation is recorded as: 

.

In view of that, the x
p 1p

, … , x
np

) polyoptical element 

1
, … , x

n
)

possible element there will not be any relation of minority 

according to the partial order set up by the positive cone be-

1
(x), q

2
(x)) elements and the Q(x

p 1
(x

p
),

q
2
(x

p
)) element.

The polyoptimal constructions, which were set up in this 

way, comprise the Pareto unit for modeled series of types 

of the subatmospheric press construction.

Two criteria q
1
, q

2
 were accepted to carry on the task of 

polyoptimalisation of the subatmospheric press construc-

tion. The q
1
 criterion means the weight of the construction 

of the carrying frame of the subatmospheric press, together 

with supports, whereas the q
2
 criterion means the maximal 

dislocation set up for the construction of the carrying frame 

and supports.

Four acceptable constructional x , x , x
C
, x

D
 solutions 

were examined in the project task and also an appropriate 

value for quality indicators was calculated for every solu-

tion. In the target space, a unit of four a (q
1
, q

2
), a (q

1
, q

2
),

a
C
(q

1
, q

2
), a

D
(q

1
, q

2
) points, which comprises quality vector 

for every constructional solutions, was obtained.

The polyoptical solution, in terms of the Pareto sense, 

is any acceptable solution, for which any other acceptable 

dominating solution does not exist. No solution, for which 

the value of all criteria would be better than any option-

al polyoptimal solution, exists in the unit of the correct 

solutions.

The Pareto relation (equal to the relation of partial or-

met relation which is implemented to defy the polyoptimal 

solution [12].

In the analyzed task, the following coordinates of the 

a , a , a
C
, a

D
 points, in the (q

1
, q

2
) criterion space, were 

Ta b l e  4 .  Coordinates of the a , a , a
C
, a

D
 points in the q

1,
q

2

criterion space

real results q
1
 [kg] q

2
 [mm]

a 1842,74

a

a
C

a
D

In order to make the values for the points in the criterion 

space more readable and comprehensive, the subsequent 

measure was implemented – normalisation of their coordi-

nates in concordance with the following dependence:

The maximal values for

The maximal values for the The maximal values for the the 
criterion function was determined, running

measure of the value for the q
1
, q

2
 and function was 

implemented, according to the dependence presented 

in Table 5.

Ta b l e .  5 .  Normalized values for the coordinates of the 

ed values for  the coordinates of the  , , , points in the ( points in the points in the (  criteria space.

Normalized results

:



In Figure 4, the dimensional graph of the (q
1
, q

2
) target 

space was presented, where the unit of four a , a , a
C
, a

D

points, or vectors of quality for particular constructional 

Fig. 4.

When investigating into relations between the elements, 

the Pareto unit was determined, following the dependence:

,

polyyoptimal values were determined in the unit of ob-

tainable targets or a
C
 and a

D
. Consequently, polyoptical 

constructions are constructions valued by vectors of the 

x , x
4
 decision-making variables. The element matched 

as a  exists in the space determined by the positive cone 

of the a
C
 point, which means that a

C
 dominates over a .

The similar situation is observed in the next case, where 

an element lies in the area of the cones of the aC and aD 

positive points, and this results that it is dominated by 

them. On the other hand, the aC and aD points are not dom-

inated by one another, which means that they constitute 

representation matching the Pareto unit, that is poloptimal 

constructions. The graphic illustration of this problem is 

provided in Figure 5. 

was solved and also “the best element” was determined 

by the implementation of the target polyoptimalisation 

method.

The target method is applied when the target point in 

the target space, which would be an ideal solution if could 

be gained, is given. Such a point is always physically unap-

proachable (utopian) and usually it is the beginning of the 

co-ordinate system in the target space [12].

The target point forms the q
1 2

(zero value for the weight of the frame construction and zero 

value for displacement), in the discussed problem.

The target polyoptimalisation depends on the searching 

for such solution of the Pareto unit (the x , x
4
 constructions), 

for which the distance, in terms of the selected norm from 

the target solution, reaches its minimum in the target space. 

The solution existing in the closest range of the target point 

is treated as the most optimal.

In this way, a new target function is generated; it is made 

as the distance between the target state and the optional state 

in the target space, which can be recorded in the following 

way:

,

where:

.

In the discussed case of polyoptimalisation of the con-

target 

point forms the following expression:

.

The Q*(x) function is a scalar function and determines 

the distance of the point belonging to the target space from 

the point at which it is aimed, and its value depends on the 

1
, …., x

n
).

construction. The calculating methods of the one-criterion 

optimalisation are applied to reduce the Q*(x) function, and 

Fig. 5. 



The way the Q*(x) function is recorded depends on the 

following expression:

.

In case of polyoptimalisation of the subatmospheric 

-

malised, the Q
j
(x) function will form the expression:

.

-

dinates of the target point in the target space are equal to 

zero, the Q(x) function forms the expression:

.

In the analysed process of polyoptimalisation of the con-

struction of the subatmospheric press, the Pareto unit is con-

stituted of two (x , x
4
), solutions, for which the values of the 

functions in the q
i
 target space as well as the distance from 

the Q(x) point at which it is aimed is presented in Table 5. 

Ta b l e  6 .  

Normalised results Q(x)

4

Fig. 6. The selection of the optimal point in the target space

number 4 of the press for the construction of the subatmos-

pheric press which is the optimal solution (the lowest value 

The results of the calculations are presented in the 

form of numerical maps, tabular listing, charts and graphs. 

The analysis of theoretical calculations demonstrated the 

compatibility with the results gained based on empirical 

-

presented in the discussed matters, gives the following 

– vast cut of time of applied researches and designing work 

due to numerical analysis of many possible options for 

the press,

– relief given to the investigational team from routines 

and uncreative working,

– completion of reliable researches with implementation 

of computer systems, at the project-stage of the press,

– possibility of optimalisation of the construction on the 

grounds of the chosen criterium.

– proposed methodology of researches was practically 

used to place orders for the needs of industry producing 

agricultural machines and devices, building industry and 

defense industry.
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Summary. 

moisture on parameters obtained in a test of axial loading and 

unloading. For the tests pea cv. Fidelia at the moisture ranging 

from 8 to 18% was used. The measurements were performed on 

-

to set out values of elastic and loss energies and corresponding 

values and relations between the aforementioned parameters. 

The lowest changes were observed for the elastic strain energy, 

which changed only slightly with the change of seed moisture. 

-

ilar relations were found while analysing seed deformations.

Key words: compression, hysteresis, moisture, pea

INTRODUCTION

The great interest in studying of mechanical properties 

of food and agricultural materials is reasoned by fact that the 

latter have a crucial impact on conditions and outcomes of 

-

tural materials frequently discover a large variability in the 

response to mechanical loading. They change from brittle 

to elasto-plastic, plastic, viscous due to varying moisture, 

on one hand a large spectrum of products can be obtained 

and on the other hand strict control of processing conditions 

is necessary for the optimization of outcomes. 

and quality is an issue that has been studied with different 

approaches for years. Within the context, research on a ma-

terial’s elastic or plastic behaviour is one of the most impor-

tant. Strain hysteresis is one of the available techniques, and 

addresses the amount of energy dissipated in the loaded body 

due to friction, internal damage, irreversible deformations 

-

cesses, for which such exchange is relevant. It can be related 

to a material’s resistance to cracking [5,18], susceptibility to 

reversible deformations and internal damages, grindability 

breakage mechanisms, which leads to an increase in grinding 

processes, where it causes the agglomerate formation in an 

context, the profound knowledge on materials response to 

loading is important for agglomeration of foods, feeds, bi-

The objective of the study is to focus on examining the 

effect of moisture content on the response of pea seed to 

cyclic loading. 

The Polish variety of pea (Pisum sativum

was used in the studies. The moisture content of a batch of 

seeds sample was determined applying the air oven method 

and drying three 5 g samples of pre-crushed seeds for over 

smaller samples, and to each of them, the amount of required 

moisture levels established at 8–18% (wet basis) with 2% 

increment. The added or removed amounts of water were 

achieved, according to the mass balance equations. The 

samples were then tempered in hermetic jars, and stored for 

48 hours at ambient temperature. 

-

bottom plate, such that the plane splitting two seed cot-

yledons was parallel to the compressive plates. The seed 

was then loaded and unloaded with the compression rate 



loops, an example of which is presented in Fig.1, partitions 

of strain energy and deformations were calculated (Fig. 1) 

Et represents the total amount of 

strain energy absorbed by a seed during compression, while 

En-r and Er correspond to the irrecoverable and released 

repetitions for each moisture level of seeds.

Fig. 1. Typical strain hysteresis curve while loading of a pea seed

Statistical analyses of the obtained parameters were 

-

bility level.

-

tion to moisture is given in Fig. 2. 

Fig. 2. 

moisture content

It is well noticeable, that the response of an individual 

seed to the compressive loading was strongly related to the 

area enclosed between the loading and unloading parts of 

moisture increment. It expresses the increased plasticity of 

loading is prevalently plastic in nature. The strain energy 

used is mainly released to permanent i.e. non recoverable 

deformations. They are not accompanied by readable crack-

ing effects, what demonstrates the loss of brittleness and 

increased toughness of seeds. The results are in agreement 

et al. for wheat kernels [11].

-

differences were more considerable for moisture above 12%. 

-

plying Tukey procedures discovered that the average defor-

mations obtained for the particular moisture levels were 

that the increase in total deformation was mainly driven 

by the level of the permanent one. The latter increased in 

correlated. The elastic deformation increased with moisture 

Fig. 3. 

lost deformations

of residual deformation in relation to elastic one (Fig. 4). 

The share of residual (permanent) deformation increased 

was observed that the rate of the increment was higher 

at lower moisture levels, and slightly decreased above 

The above analyzed total, residual and elastic defor-

mations were expressed in function of seed moisture. It 

was done by means of regression equations and procedures 

-

ting to the experimental data was obtained for polynomial 

equations of the second degree. The right choice of the 

Deformation 
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particular moisture level)

Ta b l e  1 .  

on the deformation during axial loading-unloading 

Parameter y = ax2 + bx + c

Determina-
tion

R2a b c

Total deformation, l
t

(mm)

Residual deformation 
l
r
 (mm)

l
el
 (mm)

Share of residual 
deformation (-)

x – moisture of pea seeds in % (w.b.)

The effect of moisture on the energies obtained in the 

hysteresis test was similar to the described above changes 

increment for the lower moisture range (8-12%) was fol-

lowed by a considerable increase for the moisture above 

mainly dependent on the energy absorbed for plastic defor-

-

The elastic energy changed relatively slightly with mois-

ture, although a rise in this parameter was also observed.

The contribution of non-recoverable energy increased 

-

nitude of changes decreased when moisture crossed 14-

probability.

Similarly to the analyses done for the deformations, the 

strain energy release during the axial loading-unloading was 

related to the moisture of pea seeds. The results are presented 

obtained for polynomial equations of the second degree. 

The obtained relations were, like previously, characterized 

Ta b l e  2 .  

on the strain energy release during uniaxial loading-unloading 

Parameter
y = ax2 + bx + c

Determina-
tion

R2a b c

Total strain energy, 
E

t

Non-recoverable 
strain energy E

n-r

E
el

Share of non-recover-
able strain energy (-)

x – moisture of pea seeds in % (w.b.)

1. The differences in water content of seeds were clearly 

-

cling loading.

2. The studied increment in moisture resulted in an increase 

in elastic, permanent and total deformations. The most 
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Fig. 4. Share of elastic and permanent deformation as a function

of seed moisture 

Fig. 5. 

non-recoverable strain energy

Fig. 6. Share of elastic and permanent energy as a function of 

seed moisture 
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-

mation.

in seed moisture. On the other hand, a considerable in-

crease of the energy absorbed by irreversible processes 

energy inputs during compression.

4. The share of non-reversible energy and deformation 

was observed mainly at lower moisture range.

obtained during axial loading-unloading were the best 

described with the help of polynomial equations of the 

second degree. It concerns both analyzed deformation 

and strain energies.  

and agglomeration, and are expected to be useful for 

a better understanding of the phenomena accompanying 

these processes. This is necessary both for of successive 

energy optimization and improving production quality.
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Summary. The mathematical model of hydraulic drive of lifting 

mechanism on the basis of discretely controlled bent axial piston 

hydraulic machines is developed. The model allows investigating 

of features of transients in hydraulic drive and control unit asso-

ciated with the change of its operation mode, including physical 

Key words: axial piston hydraulic machines, hydraulic drive, 

mathematical model, discrete control, transients.

INTRODUCTION

The use of axial piston adjustable pumps and hydraulic 

motors in hydraulic drives of lifting mechanisms provides 

an ability of machines operating elements’ speed control, 

with virtually no loss of energy by changing of hydraulic 

machines displacement. For lifting mechanisms it is enough 

to ensure the functioning of their operating elements in 

two modes: speed range operation (for operating element 

movement without load or with a cargo at the mean phase 

of lifting) and slow mode (for phases of cargo breakaway 

and completion of cargo movement). To ensure these two 

operation modes, one adjustable hydraulic machine with 

of the second adjustable hydraulic machine in hydraulic 

drive allows increasing the number of different speeds of 

lifting mechanism up to four. Thus there is no need for 

manual or proportional control of lifting mechanism hy-

draulic drive, that requires rather complicated scheme of 

automatic control and increases the initial cost of hydraulic 

mechanism’s several speeds provides increasing of per-

formance and workmanship of lifting machine, as well as 

reliability of the hydraulic drive. 

Changing time parameters of discrete control of hy-

draulic drive, one can affect the nature of transients in the 

hydraulic system.

Design solution and features of individual devices of 

value change of hydraulic machine displacement and nature 

of displacement control system.

The objective of this paper was the creation of a mathe-

matical model of lifting device hydraulic drive which allows 

carrying out numerical experiments for studying of progress 

of the transients and stable processes in hydraulic drive 

depending on its design features, physical and mechanical 

element of a lifting machine.

Results of numerical experiments can be used for optimi-

zation of discrete control procedure and technical parameters 

of hydraulic drive elements.

Hydraulic drive of lifting device comprises two bent 

-

draulic motor) with discrete two-level control of displace-

ment (Fig. 1.). Pressure value in the discharge line of 

of throttle (Th1).

Discrete change of displacement of the hydraulic ma-

hydraulic cylinders Hc, located in the control line (dashed 

line in Fig. 1.). Connection of hydraulic cylinders Hc is 

carried out by hydraulic distributors Hd.
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When developing a mathematical model of the hydraulic 

– wave actions in pipelines are neglected [4] because of 

the short length of pipelines and minimum pressure loss 

– no wave actions accompanying the transition of hydrau-

lic cylinders of pumping unit from zone of suction to 

discharge zone and vice versa,

– little effect of friction forces in the piston supports on 

dynamics of pumping unit movement. 

The following systems of equations are the basis of the 

mathematical model. Changes of pressure plp  in discharge 

line of hydraulic drive and hydraulic motor speed mw  are 

found by simultaneous solving of equation of continuity (1), 

equation of moments (2), kinematic equations for hydraulic 

The meanings of (1) and (2): 
( )p mV

machine displacement; machine displacement; ( )p m -
trV – pressure pipeline volume; -

J – integral inertia, reduced to the shaft. cM –

,m g – mechanical 

pQ
-

2
( ) ( )

( ) ( )
1 1

max ( )

;
4

,1
; ;

2 2

k k
p m ip m

p m ip m
i i

R p m

d dx
Q Q

dt

z dz
k R

( ) max; 2 ,
p m

D p m RR k R d z V .

ix – hydraulic machine i- piston stroke 

[5]; z – number of pistons of internal cylinder block ; d – 

max ,R z
and max ,R z  are given in reference [7, 8]. 

2

2 pl d V gtr g
d z

m p p S z z c F F
dt

,(4)

2 cos / 21
g V

V p

F Q
S S

; sin
2

p pS d z ,

-

2

pl d
gtr

p p b L x dx
F b

dt
.

In equations (4): dp  – pressure in damping cavity of 

z – offset of shut-off-and-regulating el-

gtrF and gF – liquid friction forces 

and hydrodynamic force acting on shut-off-and-regulating 

 – cone angle of shut-off 

VQ
and throttle Th1 are given by the equation (5):

1

2
sin

2

pl
V Th p

p
Q d z ,  (5)

1
1 1 1 1

2
;Th d d

V Th Th Th Th
a

V dp pdz
S Q Q S

dt E dt
.

control line of hydraulic drive between the discharge line 

and cavities of hydraulic cylinders Hc, at displacement de-

displacement increasing – by the equation (7):

1
2

Th Th Th pl cl Hc

Hc Hc cl

a

dy
Q S p p S

dt

V S y dp

E dt

1

2 cl
Th Th Th cl

Hc Hc

a

dp
Q S p p

dt

V S y dy
S

E dt

(7)

Relationship of the mathematical model of the stroker 

of displacement increasing and decreasing, respectively) 

opQ to ensure the 

operation of the stroker:

Fig. 1. 

basis of discrete control axial-piston hydraulic machines

line of 
by 

with 

1   
,

,

p tr
pl

p p
a pl

pl
op m m

a pl

dpV V
Q C p Q Q

dtE p m

dpV
Q Q C p

dtE p m

(1)

( )8
( )

p m
p m ;

4 m
plp W ;

m m
pl m g c m

d
W p M J

dt
(2).

,

,

.
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2op Th Hc
dy

Q Q S
dt

, (8)

2
( ) plHc Hc

op Hc
a

dpV S y y dy
Q S

E dt dt
.

clp
in the control line (Fig. 1); y – offset of hydraulic cylinder 

piston Hc; 1,2HcS - area of larger and smaller sections of 

hydraulic cylinder piston Hc, respectively; HcV  – ap-

propriate minimum cavity volumes of hydraulic cylinder.

Dynamics of hydraulic cylinder piston Hc of hydraulic 

2

2 12 Hc pl Hc cl gtr

tr G in

d y
m S p S p F

dt

dx
sign F F F

dt

tr
gtr

S dy
F

dt
; cosG

l
F Mg

L
,

tr tr bc s plF z S k S p ,

,

2

1

,

1
( )

2

sin ;

P M

k

in p pit j
j

P M j

r
F m m z t

L

t

max
deg

[deg ] 4.5[ ]
ree

ree y
ñm

gtrF  – viscous friction force of 

the hydraulic cylinder piston; GF – force applied to hydrau-

lic cylinder piston Hc by weight of hydraulic machine pump-

ing unit on the control block; trF – sliding frictional force 

of the hydraulic distributor; inF – oscillating inertial force 

of the pistons of pumping unit;  – bent angle of cylinder 

block. bcS – sectional area of the piston of pumping unit; 

sS  – the effective surface area of the distributor, on which 

squeezing pressure of discharge line acts;  – phase shift 

between the pistons of pumping unit; pm and pitm – mass-

es of the piston and piston rod of pumping unit, respectively.

For lifting device, external forces of torque value cM

the moment equation (2) is found by solving [11] of equa-

tions (11). For generation of the equations (11), as a part of 

the engineering approach, let us present the hoisting rope 

as a bar, endowed with longitudinal stiffness k  of the rope. 

Tension in the rope is assumed to be uniformly distributed 

over its cross-section:

2

2
2 i

d h k dh
g h a

M dtdt
, (11)

2
b M

i

D dd
a

dt dt
,

/k M , 22 tr , /dk E S L ,

2L
dE a

S
, / 2c bM k y n D .

In the equations (11): h – shifting of cargo with weight 

G Mg ; – damping factor; ia – inertia of accelera-

tion; bD – diameter of the lifting device unit; tr  – time 

constant of internal friction; dE – dynamic modulus of 

elasticity; a – wave velocity in spiral ropes. Dependences of 

main parameters that characterize physical and mechanical 

aE ,

density –  and dynamic viscosity –  from pressure of 

p  and percentage of non-dissolved air [12] are 

given by equations (12):

exp
p p

p
k

, (12)

1 1

1 1

1

A k
p p
a a a p

a pA k
p a

a a p
í

kE E E m p

E p
E

k E E m p
p

,

1

1a
a kA

pp
a

E
p m p m

E
,

p
a a aE A p B , a a aE A p B ,

1 1pp p p ,

1

m
m

m
,

/p Vk c c .

In equations (12): , aE ,  – the values of dynamic 

pressure p . The parameters aA , aB k  are deter-

The system of equations (1 – 12) contains the nonlinear 

differential equations, which eliminates the possibility of its 

analytic solving. The system was integrated numerically by 

of numerical experiments allow conducting work analysis 

of both individual hydraulic drives and the whole hydraulic 

system. The results of numerical modelling of complete cy-

cle of hydraulic drive operation were obtained that provide 

two possible speeds of lifting mechanism. Complete cycle 

of operation of lifting mechanism includes: cargo breakaway 

at the lowest speed, cargo movement at the maximum speed 

of movement and the completion of movement at the lowest 

speed. To analyze the effect of different parameters on the 

hydraulic drive operation various factors were changed: time 

change of hydraulic drive operation mode and physical 

cm

,

.



,

density , adiabatic bulk modulus aE  and percentage of 

m

describing the dependence of values ,  and aE  from 

pressure were compared. The values of the parameters that 

were used for graphing in Figures 2 – 4 are shown in Table 1.

Ta b l e  1 .  

,
s

,
s

,
s

,
s2/

cm2

aE , m ,
%

1 1 p p aE p

2 1 1.78 10-8 10-8 aE p

1 1.78 -8
-8

4 p p aE p

5 p p aE p 5

- - p p aE p

The parameters’ values ,p p and E p  are 

considered as functions of pressure in this part of hydraulic 

drive and were found by equations (12). Time 

with values values 112MV up to  up to 
hydraulic system.

MV , and time , and time 

– the beginning of its increase up to the initial value.

line of the hydraulic drive under different operation modes 

are shown. 

Fig. 2. Pressure in discharge line of lifting device hy-

draulic drive under different operating conditions

in the discharge line of hydraulic drive during the tran-

sition process associated with actuation of hydraulic 

(Fig. 2.), decrease of motor displacement (from value –

112MV cm up to MV cm ) began upon expiration 

of time 1s  after hydraulic drive starting, the reverse 

change MV began in time period s  from the 

moment of process starting. For processes in graphs 4 and 

5 displacement decrease MV  began at s . Du-

ration of stable process, between changes of displacement 

MV , was given as a minimum value in order to reduce 

computation time.

causes pressure boost in the discharge line of hydraulic 

drive up to value – 
max

pl plp p , where 
max
plp  – 

maximum pressure surge at actuation of hydraulic drive 

without changing of hydraulic motor displacement. In 

process similar to process 1 are shown, but density and 

viscosity parameters were considered as depended con-

stant values (Table 1.). From these calculations it follows 

that such a simplification of the model affects only the 

analysis of non-stable processes and leads to a relative 

error in the amplitude of pressure pulse, which does not 

exceed 12%. 

Fig. 3. Changes of hydraulic motor displacement at varying of 

cargo lifting speed

The difference in response time of the control system is 

observed, despite the fact that the differential circuit con-

nection of hydraulic cylinder Hc2, piston sectional area 

ratio is equal to 2 1 2Hc HcS S . It can be explained 

-

tle Th is located which slows down pressure increase in 

the control line at displacement decrease of the hydraulic 

machine. Dynamics of pressure change in the control line 

for processes 1 and 5 is shown in Fig. 4. Comparison of 

the high rate of motor displacement decrease, at the initial 

phase of the process is directly connected with pressure 

surge of the control line.

Dependencies for the transient process 5, in contrast 

undissolved air bubbles on physical and mechanical prop-

This feature leads to increase compressibility of power 

process (Fig. 2.) and increase the value of pressure starting 

level in the control line (Fig. 4).
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Fig. 5. Dynamics of hydraulic motor shaft acceleration under 

different operation modes of hydraulic drive of lifting device. 

Figure 5 shows the time dependence of angular speed of hydrau-

lic motor shaft under different operation conditions of hydraulic 

expected increase of hydraulic motor shaft speed, at changing its 

speed increase at the beginning of cargo lifting can be achieved 

by use of control 4

The numerical experiments show the possibility of use of 

the developed model to simulate the transient and stable state 

processes in hydraulic drive of lifting mechanism on the basis 

of discretely controlled bent axial piston hydraulic machines.

The numerical calculations within the framework of 

the developed model can be used for optimization of the 

control procedure of lifting mechanism for road building 

machine for the purpose of decrease of negative impact of 

performance and workmanship of lifting machine, as well 

as reliability of the hydraulic drive.

1.  Selection 

of discretely adjustable pump parameters for hydraulic 

2.

model of the control system of displacement of hydraulic 

drive of axial piston machines of road building machine. 

 Tenden-

-

4. Investigation

of wave processes in supply hydraulic unit of hydraulic 

5.

-

matics of axial piston hydraulic machines with discrete 

7.  Determination of geometrical 

parameters of axial piston hydraulic machine of pumping 

unit with minimum sizes.– Industrial Hydraulics and 

Pneumatics. – 4(14) – 75–78.

8. The in-

Dynamics of stro-

ker of axial piston hydraulic machine with discrete control. 

-

lenko, 2003: Increases of nominal pressure at hydraulic 

unloading of the of the swinging unit in the axial piston 

11.

dynamic loads in load carrying elements on the nature 

of transients in hydraulic drive of lifting mechanism.– 

12. Lurie Z. Ya., Fedorenko I.M. 2010: Investigation of 

operation process of mechatronic hydraulic device of 

lubrication system for metallurgical equipment with 

-

-

-

-

Fig. 4. Pressure change in the control line at hydraulic motor 

displacement change
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Summary. This paper addresses some issues related with the 

process of tribological wear, focusing on the phenomena that 

process were discussed, most important materials resistant to 

this type of wear were characterised and examples of castings 

designed for the agricultural sector, developed and manufac-

tured by the Foundry Research Institute in Cracow in collabo-

in the assessment of abrasive wear resistance of alloys, erosive 

own research were quoted as an example. It has been proved 

that modern casting alloys can successfully compete with the 

wrought stock.

Key words: tribology, studies, castings, cast alloys, agricultural 

tools.

INTRODUCTION

Progress in many areas of the economy, the agricul-

tural sector included, is dependent on the development 

trends in the art of designing machinery and equipment 

Technical progress in this area depends on the cooperation 

of specialists from a variety of industries, and on the close 

one hand, and the producers of equipment and users of this 

equipment – on the other. Such interactions should form 

-

equipment, but require from materials engineering the de-

-

ment requires the use of materials more resistant to wear 

under the increasingly harsh operating conditions. This 

co-action must be supported by research work in the areas 

of new products (Fig. 1).

-

ment mainly include corrosion with all its variations, the 

effect of high temperatures, often combined with the need to 

which is one of many types of tribological wear, is the sub-

ject of this study.

science                industry

more efficient machines and equipment

high-performance materials

testing of wear mechanism laboratory testing of
materials

performance testing of 
product 

advanced design

Fig. 1. The interaction of science and practice in improving the competitiveness of machinery and equipment



Tribology is the science of friction and of the processes 

accompanying this phenomenon. The name derives from the 

a science deals with the description of physical, chemical, 

biological and other related phenomena occurring in the 

-

sues of tribology were included in other disciplines.

Tribological wear is an important cause of failure of ma-

chinery and equipment. It is caused by the process of friction 

which leads to a change in weight, structure and properties 

of the surface layers of contacting bodies. The intensity of 

wear is a function of different types of interactions and of 

the resistance of these layers.

-

whole process; the decisive effect has the leading mecha-

nism. The elementary tribological processes are:

– loss of material (microcutting, detachment of surface 

irregularities, brittle cracking, peeling),

– transfer of material (ploughing, polishing, indentation),

– discontinuity of material (surface scratches, dimples)

– changes in geometric structure of the surface (deforma-

tion, directional shifting of 

– structure, phase transformations),

– changes in chemical composition (new components, 

surface oxides).

abrasive wear will be discussed. 

of destruction. It arises when the loss of material in the sur-

face layer is caused by the particle detachment due to micro-

cutting, scratching or ploughing. This process occurs when 

within the areas of friction between the mating parts there 

of harder material, which play the role of local micro-edges. 

In a similar way oxidised products of wear operate within 

Figure 2 presents a dynamic model of the elementary 

processes of the wear due to abrasion.

of the surface area of the cross-sections of the scratch recess 

(F
2
) and swelling of material around the scratch (F

1
) was 

Fig. 3. Criterion distinguishing the types of wear [7]

az – depth of recess, m-m – reference level 

If F
1
/F

2

contact areas, or ploughing, occurs. The material indented 

by protruding asperity or abrasive grain is “pushed” out-

side the surface (swelling of material on both sides of the 

scratch).

If F
1
/F

2

material is equal to zero (F
1

-

cutting occurs.

1
/F

2
, it means that microcutting, plastic defor-

mation and scratching occur.

During scratching, the material within the region of abra-

sive wear is crushed, upset and cut (chips, other products 

of wear).

The resistance to abrasive wear depends on many factors 

such as:

abrasive particles,

– relative hardness of abrasive particles compared with 

hardness of the material exposed to wear,

– frequency of the replacement of products in the areas of 

friction (blowing out, rinsing),

– slip velocity.

– single loose abrasive grains,

– abrasive layer that occurs between mating surfaces,

– abrasive jet,

– abrasive environment.

In the case of mating machine parts, due to the impact 

of mating surfaces, the rubbing grains can execute:

– a translatory motion in direction parallel to the abraded 

surface,

– a rotary motion in respect of their own axis (rolling).

ploughing cutting of asperities 
cutting of irregularities with abrasive 

through protruding asperity 

plastic deformation 

of material 
Fig. 2. Dynamic model of the elementary wear process types [7] 
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In the case of grinding, especially crushing of hard ma-

terials, the abrasion is characterised by:

– larger dynamics of the effect of forces acting between 

the abraded surface and grains,

– greater irregularity in the motion of these grains,

– higher proportional share of components normal to the 

surface, resulting in a dynamic crushing.

suspended (e.g. abrasion by sand blasting, abrasive wear by 

particles suspended in water or other liquids).

caterpillars of vehicles) is characterised by large kinetic 

energy of the abrasive grains. The grain contact with 

the abraded surface occurs under the effect of forces 

performing the work of abrasive wear and crushing of 

the material. In many cases, the abrasive agent is soil in 

which there are mineral grains (mainly silica), causing 

the abrasive effect.

relative abrasive wear resistance and hardness of metals 

(Fig. 4).

Fig. 4. Relationship between relative abrasive wear resistance

(J
wz

HV) of metals [1]

between the increase in the relative abrasive wear resistance 

of metals and hardness (in the case when hardness of the 

abrasive material is much higher than the hardness of the 

abraded metal).

Obviously, the relative abrasive wear resistance of steels 

of different types (steels hardened, tempered, carbon-con-

taining, alloyed, etc.) is also different, but in each case (alloy 

grade) this resistance is proportional to the hardness of the 

abraded material. The quotient of the relative abrasive wear 

wz

family of metals (alloys) constant, that is:

wz

Penetration of abrasive particles into the top layer of the 

abraded metal often causes serious anomalies in the intensity 

and mechanism of abrasive wear.

parts, eventually it is the harder metal that can suffer a more

intensive wear. This is due to penetration of a large number 

of abrasive grains into a softer metal. Due to this, the friction 

composed of hard abrasive particles and soft metal layers 

binding them together.

a kind of grinding wheel, which causes intense cutting of 

hard metal.

In the examination of carbon steel, the results were ob-

tained from which the following general conclusions were 

drawn:

– pearlitic structures with lamellar pearlite are slightly 

more resistant to abrasion than structures with spheroidal 

pearlite (Fig. 5),

Fig. 5. 

between hardness and abrasive wear resistance [1];

1 – steel with lamellar pearlite, 

2 – steel with spheroidal pearlite

– the wear resistance of hardened steel increases with the 

increase is gradually becoming less intense, to disappear 

Fig. 6. Relationship between hardness (HV) and abrasive wear 

resistance (J
wz

) of hardened steels as a function of the carbon 

content [1]

– in steels quenched and tempered, the abrasive wear re-

sistance decreases with increasing temperature of tem-

pering, but to a lesser extent than the hardness (Fig. 7),

– most abrasion-resistant are non-tempered martensitic 

structures,

– the increasing content of retained austenite in the struc-

ture of martensitic tool steels makes their abrasive wear 

resistance decrease,

– in hypoeutectoid, annealed, ferritic-pearlitic steels, when 

the increase in hardness with the increase in carbon con-

tent is due only to the increasing content of pearlite of 
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the same structure, i.e. to the change in the phase content 

ratio without any change in the essential characteristics 

of the structure, the resistance to abrasion is strongly 

dependent on the hardness,

– as soon as the eutectoid point is exceeded (according to 

some studies even a little earlier), and the microstructure 

between these parameters, valid for the hypoeutectoid 

steels, now loses its validity,

– changes in the structure of pearlite also change in both 

ranges the relationship between hardness and abrasive 

wear resistance (Fig. 5),

– the relationship between hardness and abrasive wear 

resistance seems to be valid only for structures of the 

same type,

– the increase in “natural” hardness, i.e. in hardness of 

pure metals and annealed steels, is accompanied by much 

more pronounced increase in the abrasive wear resistance 

than the increase obtained by quenching and tempering,

– the increase in hardness as a result of cold work, which 

does not cause any phase transformations in the hard-

ened layer, such as e.g. the transformation of austenite 

into martensite, gives practically no improvement in the 

abrasive wear resistance,

previously that only structural changes caused by the 

heat treatment, mechanical treatment, etc. determine 

changes in the abrasive wear resistance of a material,

and not the associated increase in hardness.

The abrasive wear resistance of cast iron as an alloy of 

complex multi-phase structure is characterised by the struc-

tural features, properties, and percent content of individual 

phases, the width and shape of the grains and their mutual 

distribution. One of the characteristics typical of the cast iron 

abrasive wear is the fact that the constituent undergoing the 

most intense wear is graphite.

The product of the wear is the graphite powder, which 

acts as a lubricant

improving the abrasive wear resistance, especially under the 

conditions of dry friction. In the mixed mode of friction, the 

cavities and crevices created by the loss of graphite play the 

role of “storage tanks” for the lubricant. In those cavities 

are also accumulated the products of wear, thus reducing 

the abrasive effect.

On the other hand, graphite inclusions in cast iron act 

as lubricants of very low resistance, breaking the continuity 

of the metallic matrix, which can lead to the detachment of 

metal particles and the related notch effect.

The effect of microstructure on the abrasive wear resist-

ance of cast iron depends on:

– content and structure of the metallic layer,

– content, shape and dispersion of graphite inclusions,

– content and shape of the phosphorus eutectic.

The above mentioned microstructural factors are obvi-

ously dependent on:

– chemical composition of cast iron,

– possible heat treatment.

The latest generation of casting alloys characterised by 

-

loyed cast steel hardened with nitrogen added as an alloying 

many years, research and implementation works have been 

conducted on the aforementioned alloys, mainly to explore 

the possibility of using them for agricultural tools working in 

of castings made for the agricultural sector are shown in the 

resistance, three main groups are distinguished:

– bench testing,

– laboratory testing.

High complexity of tribological damage imposes the 

need to reproduce during testing, as exactly as possible, 

all conditions under which the wear takes place, and so to 

ensure exact mapping of the operating conditions of the 

tested mechanism, machine part or material.

Field tests are carried out on machines or equipment 

under conditions of their actual operation. The purpose of 

these tests is, among others, to detect weak parts suffering 

frequent damage and determine the intensity of their use. 

Field tests may be carried out as part of research to deter-

design and / or made   of a new (tested) material.

Fig. 7. Relationship between hardness (HV) and abrasive wear resistance (J
wz

) of steel as a function of the tempering temperature [1]



These tests reproduce most fully and faithfully actual 

operating conditions of parts of the machines and equipment 

to be evaluated. Since these are usually long-term studies, 

often, when they are running, narrower operating parameters 

than under normal operating conditions are applied. Howev-

er, application of these experimental conditions should not 

cause changes in the abrasive wear mechanism.

of the degree of wear include the measurement of dimen-

components under inspection, is less useful. Sometimes the 

weight of the products of wear is determined.

Due to the fact that the operating parameters (load value, 

ambient temperature, humidity, etc.) under normal condi-

tions vary at random, it is necessary to provide a statistical

approach to the results of experiments, which considerably 

increases both the time and cost of studies.

components. They have a control or experimental character. 

The construction of a stand has to provide conditions similar to 

wider programming of operating conditions, their exact record-

ing, increasing the number and accuracy of measurements, and 

high reproducibility of the results. This allows using smaller 

number of repetitions, which reduces the cost of the experiment.

machinery or equipment, or for the mating materials. It is 

-

erating conditions such as e.g. the stiffness of structure, the 

precision of assembly, vibrations, etc.

Fig. 8. 

Casting of rake (left) and part of combine to make compost (right) 

Fig. 9. 
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Therefore, laboratory testing of material wear is most 

often done for comparative purposes only. These tests are 

designed to compare the wear resistance of the examined 

materials with the wear resistance of the adopted reference 

standard. The studies do not refer to the conditions under 

which the tested material will be operating, but adopt a simple 

mechanism of wear for which the comparison is carried out.

Within the framework of materials testing of the devel-

oped and implemented casting alloys of a new generation to 

be used for agricultural tools working in the soil, numerous 

tests to assess the resistance to abrasive wear have been 

selected casting alloys.

Owing to a high content of residual austenite in the ma-

cast steel, offering also similar resistance to erosive wear.

Fig. 10. 

different ferrous alloys (own studies)

-
mium-nickel cast steel with addition of nitrogen, D – ductile 

-

loyed, chromium-nickel cast steel, in particular with the 

addition of nitrogen. High resistance of this alloy to tri-

carried out on harrow teeth, shown in Figure 11. Despite 

the high-alloyed, chromium-nickel steel, compared with 

forged steel teeth, the rationale of their use must be decided 

against the background of economic reasons (the cost of 

production).

Fig. 11. 

from different alloys

Cracow has developed a series of innovative agricultural tools 
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Fig. 14. Weight loss in cultivator duckfoot cast (own studies) 

Fig. 15. Weight loss in three-tooth subsoiler coulters cast and 

welded calculated per 1ha of the cultivated land area (prelimi-

nary studies)

Fig. 12. Wear behaviour of investigated alloys under the condi-

tions of dry friction [own studies]

Fig. 13. 

steel [own studies] 
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The tests and studies carried out have shown that modern 

casting materials can in many cases successfully replace the 

traditional wrought alloys. Sometimes, redesigning of the 

replaced components is necessary due to changes in pro-

duction technology, while their introduction to common use 

requires wide-scale dissemination of innovative solutions 

-

of castings from iron alloys designed for operation under 

the extra harsh conditions of abrasive and corrosive wear 
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Summary. The article discusses some results of work carried 

out in the framework of material and technological conversion, 

which aims to replace with cheaper and / or more durable cast-

ings, machine parts and agricultural equipment made so far in the 

forging and welding technology. The focus is on the agricultural 

tools working in the soil. The fallowing tools have been created 

hoes subsoiler, cultivator tooth, cultivator spring, cultivator 

Key words: -

tural tools, performance tests.

INTRODUCTION

The aim of this study was to increase innovation, mo-

dernity and competitiveness of Polish industry in the man-

ufacture of agricultural machinery and equipment.

Prior to the implementation of this work, a study fo-

cused on the conversion of agricultural machinery parts 

previously performed by conventional methods (forging 

machining, welding, etc.) on the elements made with casting 

technology, of course, where it seemed to be technically and 

economically viable.

Foundry is a very extensive industrial branch. It is es-

timated, according to data from the U.S., that castings are 

economies of developed countries there is observed a perma-

nent increase in the production of castings. There are more 

as medicine, energy (including renewable energy), which 

operating parameters of cast components composing the 

It is the quality of the cast components that determines 

-

ucts creates opportunities for conversion of various com-

ponents of machinery and equipment originally performed 

by other machining technologies such as forging, welding, 

machining on the parts made with casting technology.

items with casting elements, which often are lighter, more 

material and technology, an experimental series of castings 

for agriculture have been done. These agricultural tools were 

made of high-quality ductile iron with alloy additives and heat 

treatment and they were working in the soil. The fallowing 

type of tools have been created: blades for rotational plows, 

subsoiler plough, cultivator points (duckfoot share), tooth 

On the Polish market there are available ploughs made 

by   using two different technologies: bending with welding 

technologies are shown in Figure 1

Fig. 1. Polish ploughs: a) plough done by welding, b) plough 

done by stamping

a.

b.



128

These ploughs were tested for mechanical and tribolog-

ical properties. The obtained results were used to determine 

the material requirements that should be met after the change 

in the casting plough’s material. 

subjected to a very complex process of destruction. On the 

one hand there is a strong wear of the soil, on the other hand 

they are vulnerable to stress cracking due to the presence of 

high static and dynamic loads. Therefore, the material from 

which they are made must be very durable and resistant to 

impact loads (frequently occurring) as a result of stone im-

pact in the soil. 

that is plastically processed are possessed only by ductile 

iron after heat treatment (hardening of isothermal transfor-

different conditions. Its mechanical properties are depend-

ent on the type and quantities of alloying additives, and 

especially on the parameters of the heat treatment. Such 

a ductile iron obtained after the isothermal tempering has the 

up to 18%, depending on the process used. For obtaining 

-

dal graphite iron (particularly the form, size and number of 

Thus, it can be varied in a very wide range. However, it 

is necessary to add elements (corresponding to the wall 

thickness of the casting) to facilitate the hardenability of 

iron (for example, Ni, Cu).

In order to verify the suitability of the alloy elements 

of agricultural machinery operating under abrasive wear 

in direct contact with the cultivated soil, tests have been 

performed of casting prototype ploughs (shown in Fig. 2).

Fig. 2. Share casting and blade for standard and rotational 

ploughs [own construction]

-

They revealed that the optimum type of ductile iron ap-

characteristics:

R
m

5
 – more than 1.5%,

2,

iron can be used successfully on the cast plough’s blades in 

the place of expensive forged and welded blades.

Currently used subsoiler ploughs are made as welded 

steel structures (Fig. 5). In this paper the conversion of ma-

terial and technology of these tools have been presented. 

-

research, a study was made concerning the analysis of 

-

eral conclusion can be stated that at present the majority 

of farmers (different acreage) uses a diverse construction 

machines including cultivation Subsoilers with welded sub-

soiler ploughs.

of soil machinery is constantly changing. Structural mod-

for each manufacturer, way of attachment and shape of 

agricultural tools. Therefore, for the experimental tests were 

with the tested elements. The results of wear intensity of 

similar operating conditions) reference items purchased 

from a leading Polish manufacturer. Research has been car-

ried out in accordance with the methodology developed in 

a loss of weight on the 1 ha cultivated area was 58.75 g /ha 
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Fig. 3. Wear of alloys tested under dry friction [own research]

Fig. 4. Operation durability of the castings blades made of cast 



thermal effects occurring in the soil at the depth of about 

occurred in the internal structure of the thick-walled cast-

ings could also contribute to the increased wear intensity 

of these components.

In the case of casting tools, a much bigger surface 

area had a contact with the cultivated soil compared to 

the traditional tools. That suggests a necessity of modi-

fication of the castings construction. Rockwell Hardness 

of reference subsoiler plough made of welded steel with 

HRC (according to the technology assumption). Simulta-

was observed under the gating system. That suggests 

a necessity of modification in that area: correction of the 

gate supply system.

Images of scanned subsoiler plough (Figure 7) show 

the distribution of surface wear intensity. Scanning image 

of these tools and investigations of surface (tribological as-

pect), showed no presence of anomalies in the nature of wear 

intensity and permanent deformation. Only small changes 

in surface on edges were highlighted.

Fig. 5. Subsoiler plough welded from 7 elements

Fig. 6. Casting of subsoiler plough [own construction]

Rys. 7. Comparison of subsoiler plough wear intensity, welded construction (left) and casting (right) [own research]



-

an innovative variant of casting duckfoot share for spring 

cultivator teeth has been developed. Currently produced 

duckfoot share is made from steel by forging and welding. 

Castings of Duckfoot shares are made of ductile iron tem-

of construction of an existing one and innovative design of 

duckfoot share is shown in Figure 8.

Fig. 8. Duckfoot share for spring cultivator teeth made by forging 

and welding (left) and as a casting (right (own construction) 

In order to assess the operation durability of forged and 

cast iron duckfoot share, comparative tribological tests were 

conducted of these tools. They helped to assess their wear 

intensity in the stochastically varying conditions of operation 

in the soil. Studies were carried out in accordance with the 

of cast duckfoot share, the average loss of weight per 1 ha of 

cultivated area was 1.11 g / ha (average from three farms) and 

from steel with boron. It should be noted that the Rockwell 

hardness of cast duckfoot share from ductile iron tempered 

isothermally (according to the technology assumption) was 

share was higher; approximately 45 HRC. Increased hardness 

of steel duckfoot share did not translate, therefore, in this 

case, on direct increase of operational durability of the tool. 

Scanning images of duckfoot share after the wear in-

-

bution of surface defects with a scale of values. Scannig 

image of these tools and investigations of surface (tribo-

logical aspect), showed no presence of anomalies in the 

nature of wear intensity and permanent deformation. Only 

small changes in surface on edges were highlighted, dis-

share casting.

Cultivator points for spring teeth are interchangeable 

tool designated for agragates for pre-sowing tillage, working 

directly in the soil. Current technology of manufacturing cul-

tivator points uses fallowing methods; cutting, hammering, 

attempt to try to replace steel cultivator points with castings. 

Therefore, a new design and construction were developed 

and experimental series of innovative cultivator points were 

Operational durability tests of cultivator points con-

-

Fig. 9. Comparison of duckfoot share wear intensity, forged construction (left) and casting (right) 

Fig. 10. Cultivator point for spring teeth made from steel 



were made of newly developed cultivator points (at the 

with classic cultivator points made from steel. The obtained 

intensity (Fig. 12).

The average wear intensity of casting cultivator poins in 

-

pared to the 1,21 g/ha in the case of classic cultivator point 

(made by forging). It can be easily calculated that castings 

selected agricultural tools, in most cases provided promising 

Scanning images of surface defects on different tools 

working in the soil showed the most vulnerable places of 

wear. This will help in the future to improve the technology 

to increase the operational durability of these tools in key 

areas (e.g. possible application of laser welding with powder 

Research on the effectiveness of laser technology application 

and laser cladding of metal alloy powders are ongoing, and 

journals.

In parallel in the Foundry Research Institute in Cracow 

work is done on the development of new types of ductile 

Fig. 11. 

castings working in the soil constructional solutions have 

been patented or patent pending by cooperating in this area 

The works presented in this paper have been performed 

as part of the following research projects: 

production of ferroalloy castings designed for operation 

under extra-hard conditions of abrasive and corrosive 

wear to replace forged and welded constructions”; No. 

“Developing technologies and construction design of 

elastic elements to a new generation of soil preparation 

pre-sowing aggregates working with increased operat-
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Summary. 

climatic conditions, thus it provides opportunity to be exploited. 

Key words: geothermal energy, renewable energy sources.

INTRODUCTION

Over the decades, conventional energy will not be able 

to meet the growing world energy demands, mainly due to 

the limited and rapidly dwindling sources of conventional 

fuels. Renewable energy sources and especially geothermal 

-

ing earth and “therme” meaning heat. It is the natural heat 

of the earth which presents a potentially sustainable and 

commercial solution to problems of pollution, green house 

gas emissions, rising prices and long term supply problems 

dry rocks [7]. 

The use of thermal energy stored in hot rocks and ground-

water for recreation and therapeutics has been known since 

ancient times. However, the use of such energy resources to 

produce heat and electricity began with the development of 

drilling techniques and modern geology. It has been proved 

heat and electricity [2].

ability to accumulate, it is pure energy, contributes to the re-

duction of harmful combustion products of fossil fuels used 

for direct application, as well as with other renewable energy 

deterioration of our land, air, and water, which will allow 

The aim of the work was to present the basic information 

also showed.

The increased interest in renewable energy sources 

makes a number of geothermal installations increase rap-

of the total geothermal renewable energy production will 

World geothermal resources are estimated at about 
30

due to the current technical capability and cost-effectiveness 

26

two basic geothermal system types

– hydro-geothermal resources, which are a two-component 

mixture of water and steam, at the temperature ranging 

medium in these formations and the heating agent in 



the layer of rock and after heating up is turned back to 

-

sources can be divided into the following classes:

Taking into account the prospects of geological regions, 

environmental, technical and economic provisions, opera-

tion and use of the potential of geothermal resources, the 

following categories can be distinguished [1]: 

– available geothermal resources,

the total available drilling of geothermal resources. This 

relative to the annual average temperature on the ground 

EDZG = VS × rS × cS Th  – To)/2A -2], (1)

where:

VS
3],

rS -3],

cS °C],

Th °C],

To °C],

A – surface area calculation [m2].

Static energy resources of hydro-geothermal reservoirs 

determine the amount of heat accumulated in the volume of 

free water contained in the pore space or gaps in the rock 

is the total amount of heat stored in the free water and in the 

rock matrix with the respect to the computation surface and 

resources can be calculated as follows: 

EZS A×mp pe rS × cS + 

+ pe × rw × cw TS – To

where:

mp – total volume of aquifers in the reservoir [m],

rS

cS °C],

pe – effective porosity,

rw -3],

cw °C],

A – surface area calculation [m2],

TS – ceiling temperature of geothermal reservoir [°C],

To °C].

resources of a given level or hydro geothermal layers, which 

water (spinner operating system or the operation by using 

one hole). The recoverable portion of geothermal resourc-

es determines the production rate (R
o
), described by the 

formula [4]:

Ro = As/Ac[(Ts – Tz)/(Ts – To

where:

AS – cooled-off operating system [m2],

AC – the total surface area of the operating system [m2],

TS – temperature at the ceiling of hydrothermal reservoir [oC],

TZ– chilled water temperature turned up to the hydrothermal 

To oC].

as follows: 

EZWS = EZS ×Ro

where:

EZS

Ro – factor of production.

areas that promise hope and possibility of economic use of 

geothermal heat [4].

the expression:

EZdysp = Vw TS rw × cw

where:

Vw – nominal capacity of the mining hole [m3 -1],

TS – temperature at the ceiling of hydrothermal reservoir [°C],

rw -3],

Cw °C].

-

othermal water possible to obtain under the geological and 

environmental circumstances with shots of an optimal tech-

nical and economic parameters [1, 4].

In order to evaluate the geothermal reservoirs of re-

sources, dimensionless ratio is calculated called the power 

factor (F)

output (Pwy Pwe):

F = Pwy/Pwe.

The power factor is an indicator which expresses how 

many times the output power of geothermal shot exceeds 

the thermal power, which is an equivalent representation 

of capital expenditure and operating costs of this shot. It is 

assumed that Pwy – the effective power output corresponds 

to the average annual intake capacity of geothermal heat:

Pwy -3 Vw × (TS – TZ)  [W], (7)

where:

Vw – the nominal capacity of potential mining hole [m3 -1],

TS– temperature at the ceiling of hydrothermal reservoir [°C],



TZ– chilled water temperature turned up to the hydrothermal 

level [°C].

The effective power input (Pwe) relates to the capital 

outlay for the construction of geothermal shot and the costs 

of its operating, expressed as an equivalent of thermal power. 

It can be interpreted as the amount of heat that can be ob-

resources:

Pwe -8 (I/t) + Ka ×W/CP  [W], (8)

where:

I

I/t

W

Ka

CP

-

be divided into direct use systems and systems with forced 

– the natural geyser system in which heat-transfer medium 

is extracted to the surface in the form of a geyser,

– the natural hot springs in which heat-transfer medium 

is extracted to the surface in the form of warm, hot or 

overheated geothermal water,

– the natural system in which the heat transfer medium is 

isolated from volcanic outbreaks,

medium under the effect of artesian hydrostatic pressure 

is input into the surface to the operating system,

near the magma,

-

canic or magma a smooth shaft or large-diameter hole 

a result of the outbreak a stream of magma comes to the 

surface and creates a lava lake in a suitably prepared 

container.

The basic elements of the system’s acquisition and de-

– the geothermal deposit – usually in the form of geother-

mal aquifer,

– the access channels to the deposit, that connect the op-

erating level with the surface,

– the liquid heat transfer medium, 

– the underground equipment such as submersible pumps, 

heat exchangers,

– a set of devices that enable the use of geothermal water 

for heating and technological purposes, 

(for the relevant parameters of geothermal water),

– a set of assistive devices in the case of a low-temperature

-

-

othermal intake according to the needs of customers.

channels to geothermal deposits the following can be dis-

tinguished:

of geothermal water with low degree of mineralization 

with artesian pressure,

– the single hole operating system with low degree of 

water mineralization a low degree of mineralization from 

the aquifer and by use of submersible pump, 

– the single hole open operating system of geothermal with 

low degree of water mineralization and by use of sub-

of the deposit near the mining hole,

– the single hole mining and forcing water into the ground 

system used for the extraction of geothermal water with 

high degree of water mineralization. In this case it is 

injected into the bed located above,

– two holes system, which a is closed system used in the 

case of mineralized geothermal waters with two holes: 

mining and forcing water into the ground. 

-

cially generated water permeability, where heat removal 

takes place in a forced water circulation [27].

The effectiveness of the construction of the geother-

expresses the ratio of expenditure of underground works 

(boreholes) to the nominal heat power of geothermal water 

-1

where:

Ko

Nt

The value of Ko is dependent on the depth of aquifer 

Ko aexp(bH

where:

H – hole depth [m],

a and b – the cost factors, the value of which depends, among 

others from the structure and hardness of the rock in 

a drill place.

The nominal heat power of geothermal shot (geothermal 

dublet) can be calculated as follows: 

(T – Tz -7

where:

V 3·h-1],
-3],

cp –

T

Tz



from a geothermal deposit is calculated from the formula 

described by Darcy-Dupuita [28]:

V kmS/ln(R/r)  [m3 -1], (11)

where:

k -1],

m – squashing of geothermal deposit [m],

S – depression of water in the hole [m],

r

R – radius of the cone of depression [m].

It follows from the formula that the amount of extracted 

-

tion properties and volume of rocks forming the geothermal 

water reservoir.

pools and spas, use in agriculture, in water farms, use in 

industrial, heating and cooling facilities, including district 

The use of geothermal water for spas and recreation goes 

back to prehistoric times. Warm bath water is one of the 

oldest procedures used to improve or maintain health [22]. 

Iceland is well known to be the world leader in the use of 

of the area. 27 tys.m2

waters are recommended for diseases of the digestive sys-

tem, nervous system and skin problems. There are many 

medical and thermal baths and spas all over Hungary. For 

example, the thermal spa in Hajduszoblszlo is characterized 

rich in iodine, bromine, sodium chloride, and trace elements. 

The spa is recommended for musculoskeletal disorders, 

arthritis, myositis, hypothyroidism, dermatitis. Slovakia has 

and Oravice of geothermal pools with water temperatures 

Spa tourism and balneotherapy are popular in Turkey. 

disease and hypertension. In Poland, there are currently 7 

form natural sources and wells. They are located in: Cie-

-

There are six sources of water treatment at the temperature 

treatment of the musculoskeletal system, nervous system, 

skin diseases and respiratory diseases [11]. The seven new 

swimming and leisure facilities are created In Poland, in the 

heating and irrigation, as well as for the decay of biomass. 

where normal commercial-scale greenhouses would not be 

cost-effective [25].

and animals. There have been successes in water cultures: 

geothermal heat allows to adjust the temperature of joints, 

thereby optimizing the growth of breeding material. The 

cooling environment stimulates domestic growth, reduces 

the mortality rate of young, increases litter size, allows to 

-

thermal solutions are also used for cleaning, sterilizing and 

drying facilities for the animals, as well as the alternative 

The geothermal heat is used directly in the industrial 

wood construction and dehydration of highly concentrated 

boric acid extraction from geothermal brine (Italy), drying 

of diatomaceous earth (Iceland), processing of wood and 

-

cludes both heating and cooling. Heating by the central 

heating network depends on the delivery hot water or steam 

from a central source to individual buildings, apartment 

blocks by the piping network. Supplied thermal energy is 

used for heating and cooling and for domestic hot water. 

The primary source of heat is geothermal deposit, but de-

pending on the temperature of the geothermal water and 

the demand of consumers, district heating can be supplied 

by the associated system, including fossil fuel and/or heat 

12 countries, including Iceland, France, Poland, Hungary, 

Today, in many countries, especially the United States, 

installed with the ground or ground water (groundwater, 

geothermal heat pumps). 

The temperature of groundwater reservoirs and ground 

heat pumps use ground water or receive heat through bore-



for both heating and cooling. Types of heat pumps which 

and water-to-air pumps.

-

ology – 22%, heat pumps for cooling and heating – 14%, 

countries. The countries which generate more than 15% of 

There are two basic types of geothermal power plants: 

steam power plants and binary plants. In steam power station 

generation of electricity is by using the geothermal water 

vapor. This system is not widely used, because the use of 

this solution is limited to the areas of the world where during 

-

-

mal water is highly mineralized, chemically aggressive and 

medium with temperature is much lower than temperature 

of geothermal water. The technological processes used to 

produce electricity in binary systems are an organic Rankine 

-

thermal water gives off heat in the evaporator, evaporating 

it at the same time. In the case of ORC, there are organic 

geothermal power plants, where production of electricity is 

-

terized by the highest values of electrical power. These are 

the plants situated in Hsaviku (Iceland), in Unterhaching 

generation of electricity takes place in 24 countries around 

of installed power and consumption of heat belongs to cen-

-

front of countries producing electricity in geothermal power 

plants in the world are: the United States, the Philippines, 

making up respectively 14.5% and 18.4% of the “geother-

economically in many parts of the world, both directly 

and indirectly to generate electricity. It provides not just 

generation is completely clean, and releases no harmful 

-

ture, industry, food processing, and for providing heat for 

heating buildings. 

-

mate change as well as in the implementation of sustainable 

energy development. In many countries, it is a promising

source of renewable energy, which in contrast to other re-

newable energy sources is available without restrictions 

throughout the year and not very sensitive to changes in the 

prices of traditional energy in the world markets.

-

liable source of energy and, according to the Declaration 

the world”
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Summary. The article presents a comparison of study results 

concerning the cutting process of three energy plants: Salix 

The study also presents the influence of the surface area 

of a stem’s cross-section and the speed of rotary disk with 

knives speed on the unitary energy of the cutting process 

of stems. 

Key words: rotary mower, unitary energy of cutting, rotary cut-

INTRODUCTION

The biomass energy can partly replace energy used 

from fossils. The use of biomass energy protects the envi-

-

ogies for energy plants production need to be effective and 

cheap. That is why it is important to optimize the harvest, 

processing and breaking up of these plants [5]. The fea-

dimensions, shear strength, friction factor and moisture 

plants should be useful while designing cutting units and 

choosing parameters of working units for harvest machines 

The studies of the cutting process of energy plants have 

-

cutting process parameters and the plants’ constitution on 

the quality and energy consumption of the cutting process. 

The previous research had been carried out on a labora-

tory stand of pendulous type and referred to axe cutting. 

The new laboratory stand enabled rotary cutting of energy 

plants’ stems. 

of selected constructional and functional parameters of the 

cutting unit on the rotary cutting process of energy plants: 

-

The study was carried out at the research stand for study-

ing energy plants rotary cutting process at the Department of 

The research of the energy plants’ cutting process in-

cluded:

– determining unitary energy of the cutting process in the 

function of surface area of the section of the plant’s stem 

with different diameters

– determining unitary energy of the cutting process in the 

function of rotary speed of the disk with knives.

The notion of unitary energy means the total energy 

needed for the realisation of the cutting process falling on 

the unit area of the section of the cut plant. 

those which grow on plantations and are processed into 

The plants are characterised by quick and high biomass 

increase, high fuel value, high resistance to frost and pests 

and low soil requirements – due to which wasteland can be 

a high vulnerability to mechanized agro-technical activities 

connected with starting a plantation, running it and harvest-

ing biomass [1,4]. 

-

gantheus were selected for the study. The plants were select-



ed according to their popularity and constitution distinctness. 

Salix viminalis is an arborescent plant, Sida hermaphrodita 

-

The measurement of the unitary energy of cutting was 

carried out at the research stand for studying energy plants 

rotary cutting process (Fig.2.). The stand consists of two 

independently working units (cutting unit and transporting 

unit) set in a construction frame. The cutting unit consists 

of inertial knives placed on the circumference of the work-

working hub, which is driven by electric motor of the cutting 

unit. Transporting unit is driven by another electric motor, 

which pulls a truck along the slide by a line. The truck’s 

construction allows to set the research material of different 

dimensions and constitutions. 

The inverter controls the rational speed of motors. The 

value of the rational speed of motors is achieved through 

-

samples were prepared. Due to the plants’ different consti-

tutions, the samples with the following diameters of stems 

-

mm. The measurement of the diameters was done with the 

the researched plants were set on a truck. Its motion imitated 

the transmission of the cutting unit when used in real con-

dition on plantation farm. The truck’s speed was constant, 

times for each diameter of the stems. The rotary speed of the 

working plate, the moisture of the samples and the voltage 

were constant during the tests. The atmospheric pressure, 

o

rational speeds of the disk with knives was studied: at 1424 

Fig. 2. Station for studying energy plants rotary cutting process

Fig. 1. -

Fig. 2. Station for studying energy plants rotary cutting process
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It can be stated, on the basis of the research results, that 

decreases together with the increase of the rotary speed 

of the disk with knives from the cutting unit (Fig.4). This 

tendency is the same for all the tested speeds and diameters. 

It is connected with the cutting resistance of the plants ep-

idermis. The resistance decreases together with the knife’s 

speed increase. 

The unitary energy of cutting Side Hermaphrodite stems 

decreases together with the cutting surface increase (Fig.5.). 

areas studied. 

-

face increase (Fig.7.). This tendency is true for the speeds 

maximum at the rotary speed of the disk with knives being 

cut plants’ surface areas studied. 

The study of the rotary cutting process of energy plants is 

the continuation of studies carried out on the research station 

of pendulous type. The next step is to carry out a research

-

ence of some other parameters, e.g.: moisture or the truck’s 

linear velocity on the unitary energy of the cutting process. 

The research should involve some other energy plants, e.g.: 

Fig. 3. 
2 2

Fig. 4. 
2
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Fig. 5. The course of changes of unitary energy of Side Hermaphrodite in the cut surface area function

Fig. 6. The course of changes of unitary energy of Side Hermaphrodite in the function of rotary speed of disk with knives. 

Fig. 7. 



Fig. 8. 

the cutting process energy is another issue. It is necessary 

to replace the disk with knives with the disk of circular saw. 

There is a need to build a new research station equipped 

with a unit of two cutting disks with adjustable angle of 

inclination. This should be as close with the construction 

of a cutting unit of an agricultural machine as possible.

initial design of such a station is being prepared. 
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Summary. The paper presents the results of convective drying 

hours, and the control raw material without dehydration. The 

results showed that the losses of total weight and water, and 

the increasing of dry matter during the osmotic dehydration of 

relation to non-dehydrated raw material. 

Key words: osmotic dehydration, convective drying, cherry. 

Dm – loss of weight [%],

Dmw – loss of water form dehydrated material [kg],

Dms – increase of dry weight (after dehydration) [kg], 

mo – initial weight of the raw material [kg],

mt – weight of material after dehydration period t [kg],

mso – initial dry weight of the raw material [kg],

mst – dry weight of the raw material after time of dehydra-

tion t [kg],

u – absolute humidity [kg
H2O s.s.

-1].

INTRODUCTION

-

man diet because of their nutritional value. However they 

are usually in short supply because they are perishable crops, 

which deteriorate within a few days after harvest. Preserv-

ing these crops in their fresh form for long period has been 

agricultural corps is to dry them in order to conserve the 

perishable fruits, reduce storage volume and to extend their 

shelf life beyond the few weeks when they are in season 

-

ume reduction are the reasons for popularity of dried fruits 

and vegetables, and this could be expanded further with 

improvements in product quality and process applications 

[14]. Drying can be done by many of methods such as sun 

drying or industrially through the use hot air drying or freeze 

drying. The most common drying method employed for food 

materials to date was hot air drying. However there are many 

period. This is mainly caused by rapid reduction of surface 

moisture and consequent shrinkage, which often results in 

reduced moisture transfer and, sometimes, reduced heat 

transfer. Several investigators of drying have reported that 

hot air drying, hence prolonged exposure to elevated drying 

temperatures, resulted in substantial degradation in quality 

shrinkage, reduction in bulk density and rehydration capac-

ity, damage to sensory characteristics and solutes migration 

from the interior of the food to the surface. Thus many of 

methods are used for pretreatment fruits and vegetables 

dehydrated or blanched as a pre-treatment to lessen changes 

in colour and reduce the total number of microorganisms in 

the food and improve the heat and mass transfer [5].

Food drying is one of the oldest methods of preserving 

food. Since drying reduces the moisture in foods making 

them lightweight and convenient to store, it can easily be used 

moisture content decides about physical properties of food 

Osmotic dehydration is a pre-treatment method used 

for food preservation before drying. This process enables 

fruits and vegetables to be stored for a longer period of time. 

The mechanism of the osmotic dehydration process is the 

difference in the concentrations of osmotic substance in the 

material and in the solution. Osmotic dehydration is a pro-

cess that entails a partial removal of water from food items 



such as vegetables and fruits [2, 4, 11]. Due to the one-side 

diffusion of water from the drained material to the solution 

and the osmotic active substance in the opposite direction, 

the material after osmotic dehydration is characterized by 

lower absolute humidity and changed chemical composition 

[17, 18, 22]. Dehydration of sucrose solutions primarily 

contributes to changes in the surface layer of the material, 

thus reducing the adverse chemical reactions and losses of 

water-soluble substances, it also improves the organoleptic 

shortening of the drying time, and thus reduces the drying 

-

motic dehydration process are characterized by higher ratio 

of sugars content to organic acids contents in comparison to 

the raw material without osmotic dehydration. In most cases 

There are few works concerning the convective dry-

ing process of osmotic dehydrated cherries. The aim of 

dehydration time of cherries on the convective drying pro-

determined, the kinetic of the process was presented and 

the drying energy requirements were evaluated. 

The material for investigation were fruits of cherries (cv. 

were removed from fruits and the initial moisture content and 

dry matter were evaluated. Studies of osmotic dehydration of 

weight of the raw material to the osmotic agent was 1:4. The 

process of osmotic dehydration, depending on its duration, 

– the total weight loss after dehydration:

%,
o

to

m

mm
m (1)

– the loss of water from dehydrated material:

%,
)()(

soo

soostt
w

mm

mmmm
m (2)

– the increase of dry matter after dehydration:

%.
soo

soostt
s

mm

mmmm
m

The convection drying process of cherries was performed 
-1.

calculated using the numerical integration method changes of 

power consumption as a function of time, related to the mass of 

the processed material. The measurements were replicated 5 times. 

-

The greatest relative humidity loss was observed at the 

during the osmotic dehydration of cherries was described using 

the polynomial regression equation of the third degree (Fig. 1). 

The change in relative humidity during the osmotic dehydration 

results from two opposing processes: 1) passage of water and 

solutes from the dehydrated material to the solution, 2) passage 

of osmotic active substance to the dehydrated material. 

Fig. 1. The relative humidity loss as a function of osmotic de-

hydration time of cherries

Changes in the mass of water as a function of the duration 

of the osmotic dehydration process were described using the 

polynomial regression equation of the fourth degree (Fig. 2).

The largest loss of water by weight, reference on a kilo-

the raw material containing one kilogram of dry matter more 

Fig. 2. The loss of water during osmotic dehydration of cherries 

in relation to time

time on an increase of dry matter in cherries. The relation 
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was described by using the polynomial regression equation 

of the third degree. The highest increase of dry matter was 

dehydration, dry weight of the material more than doubled.

Fig. 3. The increase of dry matter during the osmotic dehydration 

of cherries

The osmotic dehydrated cherries (from 4 to 24 hours) and 

the control sample were subjected to convection drying. The 

drying kinetics of cherries was presented in Fig. 4. The drying 

curves of dehydrated and non-dehydrated cherries have the 

characteristic shape for the capillary-porous bodies. Depending 

on the duration of osmotic dehydration, the material subjected 

to the drying process was characterized by different initial 

moisture content. Drying curves of dehydrated material were 

similar in shape, regardless of the duration of the dehydration 

process. Drying curves obtained from the material dehydrated 

regression equations describing the changes of absolute humid-

ity in relation to drying time were of quadratic form (Table 1). 

Ta b l e  1 .  The regression equations describing the changes of 

absolute humidity of dried material in relation to drying time 

Dehydration
time [h]

Regression equation R2

2

4 2

8 2

12 2

2

2

24 2

Fig. 4. Convection drying kinetics of osmotic dehydrated cherries 

and a control sample

Fig. 5. The convection drying time in relation to osmotic dehy-

dration time of cherries

The relation between the osmotic dehydration time 

and drying time was presented in Figure 5. The osmotic 

-

vection drying process. The longest drying time was found 

and 24 hours.

Fig. 6. The total energy inputs for drying of cherries

The total energy inputs required to dry one kilo-

gram of osmotic dehydrated cherries and control sam-

as the osmotic dehydration time increased, a decrease 

of total drying energy was observed (average from 
-1 -1).

On the basis of the obtained results, the following con-

clusions can be formulated: 

1. The losses of total weight and water, and the increasing 

of dry matter during the osmotic dehydration of cherries 

on these parameters. 

2. The osmotic dehydration caused a decrease of drying 

time of cherries in comparison to non-dehydrated fruits 

osmotic dehydration, respectively).

-

relation to non-dehydrated raw material.
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4. Taking into account the time of drying and the total energy 
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Summary. The paper presents research into the energy balance of 

a standalone photovoltaic tracking system. The investigations were 

conducted on selected days in the months from September until 

the inverter in the energy saving and in UPS modes.

Key words: 

INTRODUCTION

There are a variety of reasons to begin utilizing renewa-

– depletion of non-renewable energy sources (fossil fuels),

– elimination of destructive impacts on the natural envi-

ronment related to the excavation and use of fossil fuels,

– a global increase in the human population and a gradu-

ally growing level of human quality of life results in an 

increase in the consumption of energy,

The phenomenon of photovoltaic conversion is based 

on a direct conversion of the energy of solar radiation into 

reaching the photovoltaic module depends on the density 

of the stream of the solar radiation. In order to use the en-

ergy potential of the sun to the maximum, tracker systems 

are used increasingly. Their task is to set the surface of the 

to direct solar radiation.

– those controlled by the signals from the radiation sensors,

– those controlled by the theoretically preset sun positions 

– hybrid systems being the combinations of the previous two.

is also important. On one hand we can analyze the energy-related 

other hand we should mind the consumption of energy needed to 

control the process. We should also take into account the increased 

For the purpose of the investigations a prototype test 

stand was constructed whose layout has been shown in 

Fig. 1. -



tracking system are:

actuators,

– a set of two acid-lead batteries in a parallel connection 

measurement of the energy at the input and output of 

system showing the mechanism realizing the direct sunlight 

-

tion with an asymmetric knuckle joint having four roll encased 

-

-

i.e. the maximum power consumption of approximately 18W).

Fig. 2. 

a frequency of every 5 minutes the direction of the direct 

sunlight is checked by a controller and actuators are ac-

radiation as needed. The stand can be switched to manual 

control with electric actuators. 

The research was conducted on a prototype research 

p
 (W

p
 – watt of peak power). The 

the area of the following geographical coordinates: 52.48 N

carried out from September until December.

a device that replaces several other devices in a conven-

with special software and it is connected with the computer 

-

The inverter can supervise the system in two modes: in the 

UPS mode and in the energy saving mode. Figure 4 shows 

Fig. 3. -

ware

The above-mentioned two basic operating modes of 

the inverter (UPS and energy saving) can be supplement-

detected (below 5W) [2]. The parameters of functioning 

chargers) were chosen as per the battery manufacturer rec-

ommendations.

Fig. 4. 
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similarly to a computer backup power supply (UPS) but for 

battery charging it uses the solar charger. Figure 5 shows 

a detailed layout of the functioning of the inverter in the 

UPS mode. The main objective of this mode is to ensure 

the longest possible supply of power at the system output. 

supply and the voltage on the battery terminals drops below 

additional parameter of the inverter operation in this mode 

Fig. 5. 

in the UPS mode

operation in this mode.

Fig. 6. 

in the energy saving mode

Contrary to the UPS operating mode, in the energy sav-

ing mode the inverter uses the solar charger to the maximum, 

charger in this mode will take place only when the voltage 

of power supply in this case is a priority in terms of the 

system operation.

The calculation of the energy balance consisted in the 

during the performance of the energy balance. This was 

during the tests. The daily energy balance was calculated as 

an arithmetic average of the value from the kilowatt-hour 

-

losses of the generated power.

were carried out for a tracking system, and a manually set 

position of the stationary system, as per the methodology de-

basic operating modes of the inverter were also calculated.

Fig. 7. 

be construed as a guaranteed power source, assuming that 

an additional power generator will be the public electricity 

provider (rather than a combustion engine power generator). 

than the voltage of the work point of the maximum power. 

-

admissible range of the battery charging voltage [7].
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The drawbacks of the standalone system are partly 

eliminated by the application of an inverter that is capable 

this element required an increase in the power output of 

p
). Inverters are 

application of batteries.

1. Due to the necessity of adapting the operating parameters 

to the characteristics of a system of batteries, standalone 

2. When the batteries reach the maximum admissible 

charger of the inverter is disconnected and the energy 

more precise it would be necessary to develop an addi-

modules on the DC side. This would enable a determina-

tion of the indexes of solar fraction (F ), performance 

ratio (P
R F

) that are characteristic 

-

ing system somewhat confirm the theory that in the 

be construed as a guaranteed power source, assum-

ing that additional power generator will be a public 

electricity provider (rather than a combustion engine 

generator).

5. Under Polish climatic conditions, designing standalone 

-

nomical because of the need to select special system 

subassemblies for winter months characteristic for low 

system to function in the UPS mode then the designed 

generator and the batteries.
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Summary. The results of the survey allow to assess the atti-

tudes of students towards the role of the natural environment 

in the functioning of the company by the concept of social and 

environmental responsibility which only 1/5 of the respondents 

level of salary and the prospects of their personal development 

opportunities within the company while choosing the employer. 

Unfortunately, criteria like the high level of corporate environ-

mental culture and high eco-innovativeness are not important 

during choosing the employer.

Key words: attitudes, the environment, corporate social respon-

sibility.

INTRODUCTION

aspect, which is global and affects the diversity of enter-

prises’ strategic choices, it becomes ever more substantial 

to recognize natural environment issues in business1 -

ufacturers and energy users introduce pro-environmental 

or emission-reducing activities, as well as the creation of 

related databases, are referred to in various publications [11, 

objectives is facilitated by the concept of CSR (Corporate 

Social Responsibility) in the framework of the so called cor-

porate environmental responsibility (environmental CSR). 

Successful and effective implementation of this framework 

is possible only with the change of attitudes towards the 

environment of all parties of social and economic activity. 

The environmental knowledge alone is not enough if it is not 

1 -
thor as an equivalent of the environment concept in the management 
sciences.

followed by attitudes changes, that can also be shaped during 

and the society need employees and citizens who create new 

knowledge and new pro-environmental and eco-innovative 

solutions [28]. The development of pro-environmental at-

titudes requires the increase in the level of environmental 

awareness, which is a concept combined from psychologi-

The purpose of this study was to learn the attitudes and 

opinions of young respondents on the subject of the imple-

mentation and realization of the concept of Corporate Social 

Responsibility in relation to the environment. The study 

purposes also included the recognition of the criteria hierar-

chy, which is used by future employees when choosing the 

employer, and the interdependencies among those criteria.

study, and it was distributed directly to the respondents (ran-

2 students, representing 

-

sampling was used, and the sample was diverse in terms of 

respondents was 25 years. The vast majority of the sample 

2 The sample is not representative thus the limitations in 
terms of quantity and sample choice make it impossible to gener-
alize results for all students in Poland. Further studies are planned 
among students of other Polish universities.
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of Corporate Social Responsibility (response categories: 

“yes” or “no”)? 2. Where did you encounter the concept of 

options: university classes, the media, Internet, conferences, 

is a place for ethics in business? 4. Is it possible to combine 

-

cial interests? 5. Pro-environmental activity of an enterprise 

-

by the principle of environmental responsibility? 7. Do you 

expect enterprises to become more involved in environmen-

tal issues. In this part of the study a scale of 1 to 5 was used. 

were asked about the reasons for enterprises undertaking or 

not undertaking environmental activities (questions 8 and 

multiple choice questions. In the second area of the study 

respondents were asked to rank factors which they took into 
3.

The study conducted among the students indicates that 

only 21% of the respondents are familiar with the concept of 

Corporate Social Responsibility, and the sources of knowl-

-

place and Internet as sources for developing knowledge on 

CSR. 81% of the respondents believe that there is a place 

for ethics in business. 27% of the respondents strongly agree 

with the statement that it is possible to combine the pro-envi-

Over 57% of the respondents answered “probably yes”, 

impossible to combine pro-environmental activities with the 

less than 27% of the respondents pro-environmental activ-

the respondents declared the will to apply the principles of 

environmental responsibility in business, and only less than 

(52%) expect greater involvement of enterprises in envi-

ronmental activities in case of their negative impact on the 

undertaken by all entities, regardless of the type of their 

business. Pro-environmental management is irrelevant for 

3

important criterion.

opinion, and 4.5% do not expect companies to engage in 

environmental activities at all.

that the main incentive to undertake pro-environmental ac-

tivities in enterprises is the creation of a positive image and 

that determines the lack of pro-environmental activities as: 

of answers), the absence of positive role models of shared 

answers). The respondents believe that enterprises, which 

include the principles of sustainable development in their 

natural resources (24% of answers) are perceived as entities 

guided by concern for the natural environment.

In the second area of the study, related to the analysis 

of the variables affecting the selection of the employer by 

the respondents, it was found on the basis of the ranking 

(according to the average rank) that the projected level of 

proposed salary was the most important criterion (2.47). 

In second place, the respondents chose the prospects and 

opportunities for their own development in the company 

opinions of the company employees about the atmosphere 

and company’s involvement in environmental activities 

-

vironmental culture (7.57) and high eco-innovativeness of 

selection criteria went it was observed that for women a 

good image in the society is somewhat more important than 

In the second part of this study area correlations be-

tween variables were examined (between employer selection 

factors). Spearman’s rank correlation analysis showed the 

-

the greater the importance of environmental culture of the 

company for the respondents, the greater the importance of 

its high eco-innovativeness. On the other hand the highest 

the following conclusions: the larger the company and its 

prestige, the less important is the opinion of the company for 

the respondents; the higher the environmental culture in the 

company, the less important is its size in terms of the number 

of employees4. Correlation matrix was presented in Table 1.

4 The structure of enterprises’ size in Poland: small enterpris-
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Ta b l e  1 .  Criteria of selecting the employer – matrix of correlations

1 2 4 5 7 8

1. level of proposed salary

2. development opportunities (trainings, 
workshops)

4. company’s good image in the society

5. company’s size

7. company’s involvement in environmen-
tal activities

8. opinions of employees about the atmos-
phere in the company

-0.40*

0.38*

Source: own elaboration.

Production of energy plants is thus a part of the com-

plex system, namely the national economy. It should be 

considered in multiple aspects, taking into account the 

assumptions and stages of realization of the strategy of 

energy production from renewable sources [14]. In West-

take into account Corporate Social Responsibility and the 

care for the environment as an important criteria in the 

the subject indicates that the most important factors in se-

lecting an employer include: salary level, reputation of 

the company, personal development opportunities, positive 

relationships with colleagues and their expertise, stability 

of employment, size of the company and the personality 

consistent with the results of the study, as the level of the 

proposed salary and growth opportunities in the company 

are the most important determinants for those looking for 

work. Unfortunately, companies’ concern about the natural 

environment expressed by a high environmental culture that 

facilitate high eco-innovativeness in enterprises is hardly 

taken into account by surveyed young future employees, as 

the ranking. Positive image of the enterprise in the society, 

as part of the social responsibility idea realization was clas-

analysis of the employer selection criteria by gender showed 

that women pay more attention to the positive image of 

literature on the subject, which indicates that men are pri-

marily driven by own development opportunities in the 

company, and woman by good reputation of the company 

selection attributes demonstrated that respondents perceive 

the relationship between high eco-innovativeness of com-

panies and their environmental culture. It is interesting 

that the larger the company in terms of the number of em-

ployees, the less important for the respondents is its high 

eco-innovativeness.

environmental objectives belongs to the competency of 

the development of environmental awareness and attitudes 

is a strong incentive of organizational nature. It determines 

the number of environmental instruments used by organi-

zations that promote the reduction of their negative impact 

behaviors contribute to making sustainable and responsible 

attitudes stimulate enterprises to improve the level of en-

vironmental culture and environmental responsibility, as 

the readiness of people for actions and behaviour, showing 

poorly recognized among the Polish society and university 

which drive the enterprises implementing CSR are pri-

marily the positive image and reputation of the company, 

while the cause of limiting the implementation of that idea 

opinions are consistent with the opinions of entrepreneurs, 

mainly from the sector of small and medium-sized enter-

-

ronmental attitudes and behaviour can expect the reduction 

of their negative environmental impact and the increase in 

the employees’ involvement in environmental issues in the 

long term [2]. Reduction of the negative impact on the nat-

ural environment results from the tendency in most entities 

in the developed economies of the world to replace fossil 

energy resources with renewable energy sources, that grew 

transport biofuels (produced from edible plants) emit large 

bio-ethanol produced from sugarcane complies with the 

[4]. These requirements are also met by the biofuels of the 

second and third generation, produced from inedible plants 

or waste materials.
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The foundation to build the corporate responsibility for 

the natural environment consists of the employees of enter-

prises and their attitudes towards respect for the environ-

ment. This study proved that the surveyed young potential 

employees poorly recognize the idea of Corporate Social 

Responsibility, even though the vast majority of them be-

lieve that there is place for ethics in business nowadays. The 

optimistic accent of the study was the fact that the majority 

of respondents was determined to implement the CSR ideas 

in their future businesses, and believed that it is possible to 

combine pro-environmental activities of enterprises with 

-

cate the growing environmental requirements of the young 

generation in the area of the environmental responsibility of 

business decisions, as the vast majority expect enterprises to 

care more about the natural environment. Recruiting and re-

taining the best employees can determine the success of the 

business through the ability to receive and interpret signals 

from the surroundings in times of growing social needs in 

for employer selection it was found that respondents were 

primarily driven by the level of the proposed salary. Unfor-

tunately, environmental elements related to the responsibility 

for the natural environment such as high environmental 

culture and eco-innovativeness were not chosen as criteria 

employer selection criteria due to the role of environmental 

factors, it should be emphasized that the higher the environ-

mental culture of the company, the greater the importance 

of its eco-innovativeness among respondents. The larger the 

enterprise in terms of the number of its employees, the less 

importance is attached by the respondents to the opinion 

can be paying greater attention to eco-innovativeness and 

ethical aspects of the implementation of pro-environmental 

solutions to business in the study programs at universities.
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Summary. The relaxation spectrum is a characteristic quantity 

the spectrum, it is very easy to convert one material function into 

another one. The paper deals with the problems of recovery of the 

spectrum of relaxation frequencies of linear viscoelastic materials 

from discrete-time noise corrupted measurements of relaxation 

of nonnegative power basis functions is presented. It is proved that 

series of functions based on complementary error function. The 

-

Key words: 

error functions.

INTRODUCTION

The last three decades have witnessed an increasing 

amount of interest paid to the study on mechanical proper-

ties of viscoelastic materials treating it as a separated sub-

ject area [11, ].

to modeling of different polymeric liquids and solids 

[ ], concrete [ ], soils and rocks [ ], different 

composite materials [ ], metals and their alloys [ ,21],

foods [ , ] and many biological materials [ ,14], in 

particular fruits and vegetables [7, 4,18]. The need 

for detailed knowledge of mechanical material functions 

has been growing with the increased use of accurate engi-

neering methods for rigorous predictions of the materials 

behavior, such as the finite element method, the boundary 

element method and the finite difference method [1].

The mechanical properties of linear viscoelastic mate-

rials are characterized by relaxation or retardation spectra 

[ ]. The spectra are vital not only for constitutive mod-

rials are characterized by relaxation or retardation spectra 

[ ]. The spectra are vital not only for constitutive mod-

els but also for the insight into the properties of a viscoe-

lastic material, since from the relaxation or retardation 

spectrum any other linear material functions can be calcu-

lated without difficulty. Hence the identification of relaxa-

tion spectrum is one of the actual directions of the mathe-

matical modelling of many viscoelastic materials. Since 

the problem of relaxation spectrum identification is one of 

the classical ill-posed inverse problems [ 18], an appro-

priate special identification methods must be find to over-

come the mathematical difficulties.

during the last two decades for the relaxation spectrum 

computation using the data from a small-amplitude oscil-

latory shear experiment. For references and an overview, 

[ ]. However, a classical manner of 

studying viscoelasticity for many materials is by two-

phase stress relaxation test . There are a few pa-

pers: [5,2 ] and [18- ] as well as the previous papers by 

the present author cited therein, that deal with the spec-

trum determination from stress relaxation data. However, 

in all the known methods of the relaxation spectrum iden-

tification from time-measured data the restriction that the

spectrum is nonnegative, which must be given to satisfy 

the physical meaning is, unfortunately, neglected. The 

identification scheme presented in this paper overcomes 

this limitation.

In this paper the spectrum is recovered from discrete-

time noise corrupted measurements of relaxation modulus 

obtained in stress relaxation test. The approach proposed 

is based on approximation of the spectrum by finite linear 

t-

ic identification index, which refers to the measured relax-

ation modulus, is adopted and the nonnegativity con-

straints on the model parameters are introduced. The stat-

ed linear least-squares approximation task with inequality 

constraints is solved by using the dual approach. The result-

ing identification scheme is presented and verified for nu-
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will be used to approximate the relaxation spectrum 

H . The lower index of KH is the number of model 

summands. the respective mod-

el of the relaxation modulus tG is described by:
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where:
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. (8)

The form of the basis functions t,k (8) is given by the 

following theorem; the proof is omitted due to space limi-

tations.
Theorem 1. Let k , and t . Then the basis 

functions t,k are given by recursive formula:

of K terms of the form: K
k kk v,hg1 . The norms of 

the basic functions v,hk are given by:
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Here
2

denotes the square norm in the space ,L2 .

It is easy to check that for any fixed the sequence of 

norms increases or decreases very quickly depending 

on the parameter . Thus, in order to guarantee the nu-

merical stability of the resulting identification algorithm

the basis functions (2) are replaced by following normal-

ized functions: 
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where t
x dxeterfc

2
2 is complementary error 

function [4].

Thus, the problem of the continuous relaxation spec-

trum H approximation by finite series KH of the 

is reduced to problem of the relaxation modulus 

tG approximation by finite linear combination (7) of the 

functions t,k -(11) based on complementary error 

function 2terfc . used in signal 

processing and mathematical modelling of many process-

es, e.g., [4, 22]. ,hk

~
(4) are 

shown in Figure 1 for two different values of the parame-

ter ; the corresponding functions t,k -(11) are 

plotted in Figure 2. From the Figure 2, it is evident that the 

basis functions t, are congruent to the real relaxa-

ing identification scheme is presented and verified for nu-

merical data as well as for selected biological material.

In the rheological literature it is commonly assumed 

that the relaxation modulus tG of linear viscoelastic 

material has the following integral representation [ ,2 ]:

deHtG t , (1)

where: the nonnegative relaxation spectrum H charac-

terizes the distribution of relaxation frequencies .

Throughout we shall be concerned with the case when 

H is completely unknown. The relaxation modulus 

tG can be, however, measured for any time t .

,LH 2 , where ,L2 is the 

space of square-integrating functions in the interval , .

The set of the linearly independent functions:

222 2 ,,e,e,e (2)

forms a basis of the space ,L2 [2]. Thus the relaxa-

tion spectrum can be expressed as 

k kk v,hgH , where: kg are constant model 

parameters and the basis functions
2vk

k evv,h ,

,,k 1 . . Since for real materials the relaxation spec-

trum tends to zero as the relaxation frequency approaches 

zero from above, i.e., the right-sided limit 

Hlim
v

, the first basis function can be neglect-

ed. For practical reasons, it is convenient to replace the 

infinite summation in the above formula with a finite one 

:
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~
(4) for parameters:

Relaxation frequency v [s-1](a)
2 4

5

4k

k

2k

1k

(b) Relaxation frequency v [s-1]

5 1 1,5 2

5

1

1,5,hk

~

basis functions t,k are congruent to the real relaxa-

tion modulus obtained in experiment. The positive param-

eter is a time-scaling factor.

It is well-known [ 18, ] that for many materials 

GtGlimt , where G is the long-term modu-

lus (see example 2 below). Thus, instead of the classical 

model (1), it is convenient to consider the following aug-

mented model:

Fig. 2. The basis functions t,k , the parameters:

(a) and (b) ,

k

(a) 22 s, and (b) 22 s , 421 ,,,kFig. 2.

t,k
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(a) Time t [s]
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1

(b) Time t [s]

GtGGdeHtG K
t

KK . (12)

Then, the relaxation spectrum model takes the form:

GHH KK ,

where: denotes the Dirac delta function. Unbounded 

component G of the relaxation spectrum KH

corresponds with the infinite relaxation time. 

Suppose, a finite discrete experiment (stress relaxation 

test ) performed on the specimen of the material 

under investigation resulted in a set of measurements of

the modulus iii tztGtG at the sampling instants 

it , ,N,i 1 , where itz is measurement noise. Op-

timal identification of the relaxation spectrum H in the 

class of models consists of selecting within the given 

class of models defined by , ( ) such a model, which 

class of models defined by , ( ) such a model, which 

ensures the best fit to the measurement results itG .

a measure of the model accuracy the square approximation 

error is taken:

N

i
iKiKN tGtGQ

1

2
g , (14)

where:
T

KK Ggg1g is the parameter vector 

of model KH alently of the model 

tGK given by (12), (7). Superscript “T” indicates trans-

pose. Using the vector-matrix notation
T

NN tGtG 1G and:

1

1

1

111

,t,t

,t,t

NKN

K

KN, , (15)

the model quality index can be rewritten in the compact 

form as 
2

KN,KNKNQ gGg . Here and further

denotes the norm in the spaces NR and 1KR .

For physically realistic materials the relaxation spectrum 

H is nonnegative definite for any . Thus, the 

requirement that the respective model KH ( is also 

nonnegative for any is natural. The basic functions

,hk

~
(4) are nonnegative. Therefore, if the model pa-

rameters are such that kg for any ,K,k 1 , then the 

model KH is also nonnegative definite function. Ob-

viously, the restriction that the model parameters are 

nonnegative is sufficient, but not necessary condition for 

the non-negation of the spectrum model. Now, the prob-

N,



dimensional problem is fraught with the same diffi-

culties that the original continuous ill-posed problem of 

numerical solution of the Fredholm equation (1). The 

standard minimization methods may fail. To stabilize the 

the non-negation of the spectrum model. Now, the prob-

lem of the relaxation spectrum identification reduces to 

determining the vector of model parameters Kg minimiz-

ing the index KNQ g under the non-negation constraints

kg for ,K,k 1 . Thus, the linear least-squares opti-

mization problem with inequality constraints of the form:

2
KN,KN

KK

min gG
g 0

is stated for the optimal identification of the nonnegative 

relaxation spectrum. K0 is 1K -dimensional zero vec-

tor. The existence and properties of the solution of the 

above task depends on the properties of the matrix KN,

(15). Unfortunately, KN, is usually rank- deficient. The

linear-quadratic task is still ill-conditioned and when 

the data are noisy, even small changes of the data NG

would lead to arbitrarily large artefact in the optimal mod-

el parameters. Therefore, the numerical solution of finite 

dimensional problem is fraught with the same diffi-

solution an additional “smoothing” constraint will be in-

troduced in the next section.

The fluctuations of the solution of optimization task 

(7) may be reduced by introducing an additional direct 

constraint on vector Kg : Kg , where a constant 

N
Kg estimates the „level of smoothness” assumed 

for the model parameters. Here N
Kg is the normal (mini-

-

squares problem without constraints. In result the modified 

problem of optimal relaxation spectrum identification is

obtained:

222
KKN,KN constraintundermin

KK

ggG
g 0

. (17)

i-

pliers) K0 and a price a-

grangian for the optimization task (17):
2

grangian for the optimization task (17):
22

KKKKN,KNK ,,L ggggGg . (18)

The prices aim at providing a fulfillment of the inequal-
The prices aim at providing a fulfillment of the inequal-

ity in original optimization task . The multiplier 

is the price imposed to satisfy the “smoothness” constraint 

in modified task (17). In order to use the dual approach to 

solve the optimization task (17) note, that for an arbitrary 

K0 , and ,,L Kg has 

unique minimum with respect to Kg given by:

2
1

1

NN,KKK,N,KN,KK , GIg ,

where: KK,I is 11 KK identity matrix. Thus, the 

dual function defined by:

,,,L,,Lmin,L KK
R

D
K

K

gg
g 1

can be expressed by convenient analytical formula:

2
1

2
12

NN,KNN,KNND ,L GBGGG , (21)

where: symmetric matrix
1

KK,N,KN,K IB is 

positive definite for any . It is easy to check that the

Hessian matrix of the dual function takes the form:

2
1

2
1

2
1

2
1

2
1

2 NN,KNN,KNN,K

NN,K
,H

GBBBGBBG

GBBB
.

Since matrix B is positive definite, on the basis of the 

known result concerning the definiteness of block matrices

[12; Theorem Ib''] the Hessian ,H is negative definite 

for an arbitrary K0 . Thus the dual function ,LD

is strictly concave function of the arguments , . Tak-

ing advantage of the above, it may be proved that the solu-

tion to the dual problem:

,L,Lmax DD
,K0

(22)

there exists and the optimal multiplier . It is well 

,,L Kg (18) there exists, then the dual approach can 

be successfully applied to solve (17). In the case consid-

ered the existence of a saddle point to l-

lows immediately from [8; Theorem 1, (ii) and (iii)] due to 

. Thus the vector g ,K is opti-

mal solution of the optimal identification task (17).

The calculation of the relaxation spectrum model in-

volves the following steps.

N, N,

N,

N,

N, N,

N,

,

,



Fig. 3. Relaxation spectrum H (24) (dash line) and the 

nonnegative model KH (solid line)

Fig. 4. Relaxation spectrum H (24) (dash line) and the least-

squares optimal model KH
~ (solid line)

volves the following steps.

1. Perform the experiment - stress relaxation test [17] -

and record the measurements itG of the relaxation 

modulus at time instants it , ,N,i 1 .

2. Compute N
Kg (for simple analytical formula see, e.g., 

[18, eq. (2.24) and the following]) and choose the con-

stant N
Kg .

Solve the dual problem (22) according to the chosen 

numerical procedure, and determine the multipliers 

, maximizing ,LD .

4. Compute the vector gg ,KK of optimal model 

parameters using formula .

5. Determine the model of the spectrum of relaxation 

KH

K

k
kkK v,hgH

1

~
.

Obviously, GHH KK is the relaxation 

spectrum of the form .

Taking advantage of the basic functions v,hk
~

defi-

nitions (4), (5) and the properties of the optimal identifica-

tion problem (17) solution, it may be simply proved that

for KH the following sequence of estimations

hold:

1111 4

1

4

1

K,gK,v,hmaxgvHmax
K

k
k

K

k
k

v
kK

v

~
.

Thus the smoothness of the vector Kg guarantees that the 

fluctuations of the respective spectrum of relaxation 

KH are also bounded.

1. For numerical algebraic computations of the scheme 

the singular value decomposition 15] of the matrices 

N,K (15) or N,KN,K may be used - for details see the

N,K N,KN,K

previous papers [18, ].

available nowadays in the form of optimized numerical 

procedures in most commonly used contemporary compu-

tational packets.

2. The matrix KK, (15) depends on the choice of the 

basis functions as well as the sampling instants it , how-

ever, does not depend in the experiment results. Thus, 

when the identification scheme is applied for successive 

samples of the same have 

not to be multiple repeated while the same measurement 

points it are kept.

The relaxation modulus basis functions t,k -

(11) are expressed using complementary error function.

The function terfc is accessible practically in every 

computational packets either directly or by error function 

terfcterf 1 , where 
t x dxeterf 2

2

.

4. In the scheme proposed the parameter is the 

time-scaling factor. The following rule holds: the lower 

the parameter is, the greater are the relaxation frequen-

cies (see F

scaling factor, the best fit of the model to the experimental 

data can be achieved. However, in practice a simple rough 

rule for choosing , based on the comparison of a few 

first functions t,k for different values of with the 

experimentally obtained function tG is quite enough. In 

the same manner the number K

summands can be initially evaluated. Thus, the choice 

both of the number K as well as the parameter must be 

done a posteriori, after the preliminary experiment data 

analysis. 

To illustrate our approach we consider viscoelastic ma-
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The problem of the optimal least-squares approxima-

-

-

tion is reduced to the static linear-quadratic programming 

task with inequality constraints. The dual approach is suc-

-

cation scheme is presented. The validity and effectiveness 

of the method is demonstrated both by numerical example 

as well as by through the computation of the relaxation 

spectrum of the specimen of selected biological material.
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Summary. 

of linear relaxation modulus of viscoelastic materials on the 

basis of the discrete stress data from non-ideal ramp-tests, where 

a time-variable strain rate is followed by a constant strain, is 

proposed. The approximations of the relaxation modulus in suc-

cessive time instants are determined on the basis of the stress 

measurements in only three appropriately chosen sampling 

-

laxation modulus, which indicate that the presented approach is 

suitable for estimating the relaxation modulus. The approxima-

-

linen method. However, the model errors are greater that in the 

acceptable. The noise robustness of the scheme must be noted, 

Key words: relaxation test, non-ideal ramp-test, relaxation mod-

INTRODUCTION

Relaxation modulus is probably the most important 

mechanical characteristic in the framework of linear 

viscoelastic behavior ,11]. The time-variable re-

laxation modulus ( ), 0, is theoretically the stress 
that occurs in the material response to a unit step strain 
( ). However, it is impossible to apply a step strain in 

]. In non-ideal stress relaxation tests the strain 

increases during the loading interval [0, ] until 

a predetermined strain is reached at ramp-time , after 

which that strain is maintained constant at that value. 

In ideal ramp-test [ ] the strain increases along 

a constant strain rate path. However, usually the constant 

strain rate in the loading phase cannot be achieved exper-

imentally [ 14,22]. F ], 

see also [1 ] and [22], we assume that the strain in non-
ideal ramp-test is described by the function: 

0 < 0

( ) =

0 < 0

+ + 0 < , (1)

where: the strain parameters are: = , 

= and = . The strain ( ) (1) is shown in 

Figure 1, where the ideal step-strain ( ) and the ideal 

ramp-test strain ( ) corresponding to linear loading 
phase strain, are also plotted.

Fig. 1. -ideal ramp strain and step-strain; 
= 1 [ ], = 0.001 [ ]

Different methods [ 14-1 ,18, ,22,2 ] have 

been proposed during the last few decades for the relax-

ation modulus determination using the stress data histo-

ries from non-ideal relaxation tests. 

addressed for the case of the linear loading phase strain. 

-Phillips [2 ] method and the 

optimal relaxation modulus identification schemes pre-

sented in [15,22] have been designed for non-ideal 

stress relaxation test with a time variable loading phase 

strain rate. For detailed references and an overview, see 
and the recent publication [22].

In the previous paper [2 ], based on the mathemati-
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the non-ideal ramp-test (1), the analytical formulas to 

approximate the relaxation modulus for an arbitrary 

time instant have been derived. Under standard and mild 

assumption concerning the relaxation modulus of the 

viscoelastic material and the rheological experiment it 

has been proved, that for noise-free stress measurements 

the resulting relaxation modulus model is monotonically 

decreasing continuous function of time with at most one 

discontinuity point. 

To develop a fast algorithm for the relaxation modu-

lus identification using discrete-time stress measure-

ments obtained in the ramp-test ( ) (1), in which the 
relaxation modulus approximations in the successive 

time instants are calculated on the basis of at most three 

points of the stress data, is a basic concern. The numeri-

cal analysis is perf x-

ample both for noise free as well as noise corrupted 

stress measurements. Comparing the results obtained for 

the new and two other known algorithms with the true 

values of the relaxation modulus we will draw conclu-

sions regarding the accuracy and applicability of the 

method proposed. 

In the previous paper [2 ] under standard assump-

tions concerning the relaxation modulus ( ) of the 
linear viscoelastic material [2 ; (4)] the

following formula is derived for 0 < 4:

( )( ) =
( )

(2 ) (2)

and the next rule is developed for > 4:

( )( ) = + ( + ) +

+ + ,

which approximate the modulus ( ). In subsequent 

sections a complete algorithm for computing the relaxa-

tion modulus using discrete-time stress measurements 

from non-ideal ramp test (1) is presented and examined 

The computation of the relaxation modulus accord-

ing to the above formulas involves the following steps.
1. Design the experiment – ramp-test (1) – with the 

predetermined constant strain level and the ramp-

time , i.e., select the sampling instants , =

1,… , , such that = , = and

= 4 for some integer 1.
2. Perform the stress relaxation test (1), record and 

( ) = ( ) + ( )

1,… , = =

= 4 1

2. Perform the stress relaxation test (1), record and 

store the stress measurements ( ) = ( ) + ( ), 

corresponding to the chosen points , = 1,… , , 

where ( ) is additive measurement noise. 
For = 1,… , calculate the relaxation modulus 
( )( ) according to formula:

( )( ) =
( )

(2 ).

4. For = + 1,… , 5 determine the relaxation 

modulus ( )( ) using the rule: 

( )( ) =
8

3
+
3

4

7

3
( + ) +

+ + .

Remark. Note, that when the equidistant

time sampling = is applied, the existence of 

an integer 1 such that = 4 is obvious ap-
plicability condition of the scheme.

[2 ] developed a method, where 

the correction of the time is used as follows:

( ) = ( ),

for an arbitrary . Thus, the relaxation modulus 

approximation can be computed for 2. For 

constant loading strain rate Sorvari and [14]

proposed differential formula:

( )( ) = ( + ) ( + ),

according to which the approximate value of the relaxa-

tion modulus for an arbitrary 0 is computed using 

the stress measurements and their derivatives for +

. The above methods are used in numerical studies 
due to their approximate “nature”. 

Example 1 – noise-free measurements. Consider vis-

coelastic material whose relaxation modulus is de-

scribed by - Williams-Watts) model 

of the form [ ]:

( ) = ( ) , (4)

where: = 10 [ ], the parameter = 0.5 [ ], and 

the relaxation times are = 3 [ ] (material and

= 100 [ ] (material The strain = 0.001 [ ] and 

the time-horizon = 20 [ ] are assumed for experi-

ment. The test data was equally spaced in the time in-
[0, ] = 1 [ ] = 2 [ ]

In the previous paper [2 ], based on the mathemati-
cal properties of the problem of relaxation modulus 

recovery from time-measurements of the stress ( ) in

,
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Ta b l e  1 .  -

Number of sampling points  N [-]

tR s] New method

Number of sampling points  N [-]

tR s] New method

Fig. 2. 

= 1 [ ] and and ] and = 5 [ ], noise, noise-free case

= 100 [ ] = 0.001 [ ]

= 20 [ ]

ment. The test data was equally spaced in the time in-

terval [0, ]. The ramp times: = 1 [ ], = 2 [ ] and

= 5 [ ] have been taken in experiment studies. Thus, 

the condition 18 [2 , Remark 1] which is suffi-

cient for the monotonicity of the relaxation modulus 

model determined according to the proposed method is 

satisfied for material (4) in every case examined. The 

s-Phillips and Sorvari- rules and the new 

method are studied. For any method the number of

sampling points are chosen according to the applica-
bility conditions of the respective scheme. Noise free 

measurements ( ) = ( ), = 1,… , , are assumed. 

To estimate the approximation error of the relaxation 

modulus (4) for the new method the following mean 

square relative index is taken:

( ) =
( )( ) ( )

100%

( ) =
( )( ) ( )

( )
100%,

where: = 5 is the corrected number of sam-

pling instants for which the approximate value of the 

relaxation modulus ( )( ) can be determined using 

the scheme proposed. The indices ( ) and
( ) -Phillips and Sorvari-

methods are defined by analogy. The indices 
( ), ( ) and ( ) for noise-free 

stress measurements are given in Table 1 for . 

he courses of this indices as a function 

of are shifted in Figure 2 using the logarithmic axis to 
obtain the best clearness if this graph. 

error

Noise-free case, = 1 [ ]

= 80 = 240 = 320 = 400 = 480

( ) [%] 4, - 2, - -4 -4 -4 -4

( ) [%] -4 5, -4 -4 -4 -4 -4

( ) [%]

Noise-free case, = 2 [ ]

= 40 = 80 = 120 = 160 = 200 = 240

( ) [%] 2,77 - - - - -

( ) [%] 45 - 2,74 - - - - -

( ) [%]

Noise-free case, = 5 [ ]

= 32 = 80 = 112 = 160 = 208 = 240

( ) [%]

( ) [%]

( ) [%]
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Ta b l e  2 .  -

Fig. 3. ( )( ), ( )( ), ( )( ) of the 

relaxation modulus ( ) -free case, = 2 [ ]

test machine the noises ( ) have been generated inde-
pendently by random choice with normal distribution 

with zero mean value and variance equal to % and 

% of the mean integral value ( ) of the 

signal ( ) in the time interval [0, ]. Such measure-
ment noises are even strongest than the true disturb-

ances recorded for the plant materials (see [17; Chapter 

5.5.4]). The experiment and next the computations of

the approximate relaxation modulus model have been 

repeated n times. The mean values ( ), 
( ) and ( ) of the indices ( ), 

( ) and ( ), respectively, obtained for 

are given in Table 2 for the case of weak 

The 

-Phillips relaxation modulus model ( )( ) does
not depend essentially on the measurement noises, while 

the mean value of the noise is zero. oth for the new 

Example 2 – noise robustness. We consider again the 

modulus (4). In order to model the noise produced by a 

test machine the noises ( ) have been generated inde-

Fig. 4. ( )( ), ( )( ), ( )( ) of the 

relaxation modulus ( ) -free case, = 2 [ ]

It can be seen from the above simulation results that 
for noise-free stress measurements the new algorithm 

ensures very good accuracy of the relaxation modulus 

approximation, which is comparable with the -

Phillips rule and better than for the Sorvari- n

method, whenever the number of the measurements is 

appropriately chosen in accordance with the ramp-time 

and the relaxation time of the material. The relaxa-

tion modulus ( )( ), ( )( ) and ( )( ) calculat-

ed according to the considered methods for time interval 
[0; 3,75] seconds are plotted for = 2 [ ] and

= 160 and in Figure 4 (ma-

). The relaxation modulus ( ) (4) is also 

marked in both figures.

errors

W , = 1 [ ]

= 80 = 160 = 240 = 320

( ) [%]

( ) [%]

( ) [%]

W , = 2 [ ]

= 40 = 80 = 120 = 160 = 200 = 240

( ) [%]

( ) [%]

( ) [%]

Weak , = 5 [ ]

= 32 = 80 = 112 = 160 = 208 = 240

( ) [%]

( ) [%]

( ) [%] 1,75
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( )

the mean value of the noise is zero. oth for the new 

and Sorvari- accuracy of the relax-
ation modulus approximation are dependent on the 

noises, however, for Sorvari-

approximation errors are multiple greater than in the 

case of the new method. Similar simulation results are 

obtained for material xample of the models 
( )( ), ( )( ), ( )( ) and the “true” relaxation 

for strong

noises; the ramp-time = 2 [ ] and the number of 

measurements = 160 are applied here. The respec-

(weak noises) and 8 (strong noises). The models 
( )( ) are generally fairly smooth, however the mod-

els ( )( ) and especially ( )( ) are not. 

Fig. 5. ( )( ), ( )( ), ( )( ) of the 

relaxation modulus ( )

= 2 [ ]

Fig. 6. ( )( ), ( )( ), ( )( ) of the 

relaxation modulus ( )

= 2 [ ]

( )

( )

= 2 [ ]

In turn, the relaxation modulus ( ) (4) of material 

-times 

= 1 [ ] and = 5 [ ]

i-

ously, the number of measurements = 160 is taken. 

Through a comparison of the Figur
realize how the accuracy of the relaxation modulus 

approximation strongly depend on the respective choice 

of such experiment parameters as the ramp-time and 

the sampling period .

error

= 1 [ ]

= 80 = 160 = 240 = 320

( ) [%]

( ) [%] - - - -

( ) [%]

= 2 [ ]

= 40 = 80 = 120 = 160 = 200 = 240

( ) [%]

( ) [%] - - - -

( ) [%]

= 5 [ ]

= 32 = 80 = 112 = 160 = 208 = 240

( ) [%]

( ) [%]

( ) [%] 2,717

( )

= 5 [ ]

Example 3 – Young modulus identification. The iden-

tifiability (0)

has been also examined. The accuracy of the initial 

value (0) identification in the case of the new method 

has been measured by relative means error 0( )

defined as a mean value of the square relative errors 
( )( ) ( )

( )
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tests is proposed and analyzed. The approximations of 

the relaxation modulus in successive time instants are de-

termined on the basis on the stress measurements in only 

three appropriately chosen sampling points. Numerical 

results are provided to compare the presented method with 

two other alternative procedures known in the literature. 

-

-

the initial value of the estimating of the initial value of (0).
by the new 

. The approximation accuracy 

obtained by the new method is worse than that guaranteed 

interval is an excellent advantage of the new scheme. 

poorly estimated. The new method provides better ap-

more so that the simulation computations indicate that 

It seems also reasonable to use the new method to pro-

as well as the results of the numerical studies presented 

above, especially acceptable noise robustness, suggest 

Fig. 9. ( )( ), ( )( ), ( )( ) of the 

relaxation modulus ( )

= 1 [ ]

Fig. 10. ( )( ), ( )( ), ( )( ) of the 
relaxation modulus ( )

= 5 [ ]

( )

0
defined as a mean value of the square relative errors 

( )( ) ( )

( )
for repetitions of the numerically 

simulated stress relaxation test (1) in time interval
[0, ]. The respective indices for the two other methods
are defined by analogy. In the ca -Phillips

method the value of ( )( 2) is chosen as a (0)

approximation. The numerical studies results obtained 

are summarized in Table 4 for weak and 

in Table 5 for strong noises. Clearly, t u-

lus approximation errors -Phillips

method is nearly independent of the number of sampling 

points and the noises intensity, however the errors in-

creases with the ramp-time . For Sorvari-
method the errors decreases with the increasing number 

of sampling points, but still are unacceptable big. The 

smallest errors of (0) approximation are guaranteed 

i-

ment parameters and , the errors can be reduced 
below 1,5%.

(0)

Fig. 7. ( )( ), ( )( ), ( )( ) of the 
relaxation modulus ( )

= 2 [ ]

Fig. 8. ( )( ), ( )( ), ( )( ) of the 

relaxation modulus ( )

= 2 [ ]

relaxation modulus of viscoelastic materials using discrete 

time-measurements of the stress from non-ideal ramp-
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Ta b l e  4 .  (0) approximation for the 

Ta b l e  5 .  (0) approximation for the 

that the proposed scheme can be used successfully within 

the practical point of view has been specially emphasized 

while the scheme derivation and because it does not 

require any other experimental technique more sophis-

ticated than the equidistant sampling of time instants 

during rheological experiment, the presented algorithm 

is easy to implement and fast to use since only three 

measured stress data points are used to evaluate the re-

laxation modulus at any time instant. Thus the scheme 

can be easily implemented in an arbitrary computational 

environment supporting the rheological experiment.

5. The problems of viscoelastic model determination, in which 

the relaxation test stress history may provide experimental 

error

= 1 [ ]

= 80 = 160 = 240 = 320

0( ) [%] 1,42

0( ) [%]

0( ) [%]

= 2 [ ]

= 40 = 80 = 120 = 160 = 200 = 240

0( ) [%] 1,74

0( ) [%] 17,87 17,88 17,88 17,88

0( )[%]

, = 5 [ ]

= 32 = 80 = 112 = 160 = 208 = 240

0( ) [%]

0( ) [%]

0( ) [%] 22,54 14,42

(0)

errors

W , = 1 [ ]

= 80 = 160 = 240 = 320

0( ) [%] 2,858

0( ) [%]

0( ) [%] 5,85

W , = 2 [ ]

= 40 = 80 = 120 = 160 = 200 = 240

0( ) [%] 2,114 1,742 

0( ) [%] 17.888 17,88 17,87

0( ) [%] 7,715 7,452

W , = 5 [ ]

= 32 = 80 = 112 = 160 = 208 = 240

0( ) [%] 4,112 12,42

0( ) [%]

0( ) [%] 14,41 

(0)
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Summary. 

of viscoelastic materials on the basis of the stress data from 

non-ideal ramp tests where a time-variable strain rate is followed 

by a constant strain is considered. The loading phase strain is 

described by the third order polynomial of time. The aim of the 

point rule and generalized Simpson rule are used to derive a new

method. The approximations of the relaxation modulus at suc-

cessive time instants are determined on the basis on the stress 

measurements in at most three appropriately chosen sampling 

points. The properties of the relaxation modulus model deter-

mined according to the proposed method are examined under 

standard assumptions concerning the relaxation modulus of the 

material and the experiment. The method developed is a basis

Key words: 

INTRODUCTION

In current engineering practice it is common to deal 

with either the uniaxial or shear time-dependent relaxa-

tion modulus of viscoelastic materials [1-5, 12,15-

18,27]. For linear viscoelastic materials the relaxation 

modulus is the stress, which is induced in the material 

when the unit step strain is imposed. Unfortunately, that 
deformation mode cannot be achieved experimentally 

without invoking stress waves [ ]. Thus, the relaxation 

modulus is not directly accessible by means of straight-
forward measurement method. It is usually recovered 

from the experimental data of the stress relaxation pro-

a-
tion modulus is still to compute the modulus from the 

ideal step-strain case rule. Unfortunately, according to 

the „ten-times-rule”, or equivalently, “factor-of-

10’rule”, this step-strain assumption is acceptable only 

if the time is at least ten times larger than the initial 

if the time is at least ten times larger than the initial 
Thus, in prac-

tice quite often the first seconds of the relaxation data 

are ignored to account for the finite loading time of 
deformation [ ].

To take into account the finite initial loading time in 

the real non-ideal relaxation tests a few methods have 

been proposed during the last several years [ -

21,24- ]. 28] developed a gen-

eral method, which in the case of linear viscoelasticity 

takes the form of very simple rule, where the ‘true’ 

relaxation time is delayed of half loading time. For the 

case of constant loading rate a few methods for relaxa-
tion modulus identification has been proposed: the 

], the differential rule proposed by Sorvari 

] and the latest method based on the 

general trapezoidal rule presented in the papers [ , 24]. 

In practice, however, to inertia effects the assump-

tion that the ramp loading is approximated to be linear 

may fail [ , , ]. F ], 

see also [ ], it is assumed in this paper that the 

initial loading phase strain of the relaxation test is de-

scribed by the third order polynomial of the time. To

develop a fast method to approximate identification of 

relaxation modulus on the basis of such non-ideal ramp 

strain history data, in which the relaxation modulus at 

arbitrary time instant is determined using only few 
stress measurements, is the goal of the paper. 

the mathematical properties of the problem and using 

two known numerical quadrature rules: midpoint rule 
and generalized Simpson’s rule a new identification 

method is proposed, in which the approximation of the 

relaxation modulus at arbitrary time is determined on 

the basis of the stress measurements in at most three 

appropriately chosen sampling points. It is proved, un-

der mild assumptions concerning the relaxation modulus 

of the material and the experiment that the resulted 



178

1 2,5

S
tr

ai
n

(t
) 

[-
]

Time t [s]

non-linear strain (2)

constant strain rate

step-strain

1 2

S
tr

es
s

(t
) 

[P
a

]

Time  t [s]

non-linear strain (2)

constant strain rate

step strain

1.

We consider a linear viscoelastic material subjected 

to small deformations for which the uniaxial, nonaging 

and izotropic stress-strain equation can be represented 

[11, 14]:

( ) = ( ) ( ) , (1)

where: ( ) and ( ) denotes the stress and stain, respec-

tively, and ( ) is the time-
relaxation modulus. i-

cal description of the relaxation modulus ( ) is com-

pletely unknown, but the value of ( ) can be measured
with a certain accuracy for any given value of the time 

, where = [0, ] and 0 < < .

2.

such materials is by two-phase stress relaxation test, 

where the strain increases during the loading time inter-

val [0, ] until a predetermined strain is reached at 

ramp-time , after which that strain is maintained 
constant at that value [ ]. In ideal ramp-test [ ] the 

strain increases along a constant strain rate path. How-

ever, the constant strain rate in the loading phase is 

usually unrealizable due to experimental limitations [ , 

], see also [21; 

Ramp III] and [ ], we assume that the strain in non-

ideal ramp-test is described by the function: 

( ) =

0 < 0

+ + 0 < (2)

where: the non-ideal ramp-strain parameters are: 

= = =

( )

where: the non-ideal ramp-strain parameters are: 

= , = and = . The strain 

( ) (2) is shown in Figure 1, where the ideal step-strain 
( ) and the ideal ramp-test strain ( ) corresponding 

to linear loading phase strain, are also depicted.

Fig. 1. Step-strain, ideal and non-ideal ramp strain; = 1 [ ],

= 0,001 –

Suppose that the non-ideal ramp test (2) performed 

on the real material resulted in a set of the stress meas-

urements. Identification consists in estimating of the 

relaxation modulus of viscoelastic material described by 

the e m-
mon practice is to calculate the relaxation modulus by 

the rule ( ) = ( ) , which in view of (1) is valid 
only for infinitely short initial loading time (for ideal 

step- „ten-times-rule” that step-

strain assumption is acceptable only for 10 . Thus, 

for the times lower than the ten loading time , the 

classical rule ( ) = ( ) may fail. To illustrate the 
errors of such approach the following example is con-

sidered.

Fig. 2. Stress in ideal and non-ideal ramp-tests and in step-
strain relaxation test

Example.

, ]:

( ) = ( ) ,

where: following [ ] = 10 [ ], the dimensionless 

parameter = 0,5 [ ] and the relaxation time =

3 [ ]. The strain = 0,001 [ ] and the ramp-time 

= 1 [ ]. The stress ( )

for non-ideal ramp test (2) is plotted in Figure 2, where 

the related stress ( ) for ideal step-strain relaxation 

test and the material response ( ) after the application 

of a constant loading strain rate are also given. The 

differences between the three signals ( ), ( ) and 
( ) are characterized by the relative absolute percent 

errors summarized in Table 1 for some selected points 

of time.

Time  t [s]

The errors are big at short time, and decrease with 

the time > . The differences for the two signals ( )

and ( ) at the time point exceed of the ideal 

relaxation test stress ( ), compare Figure 2, at the 

time = 10 the differences are of 5% degree and they 

> 100

der mild assumptions concerning the relaxation modulus 

of the material and the experiment that the resulted 

model is monotonically decreasing function with at 

most one discontinuity point. 

,



Ta b l e  1 .  Stress differences between the ideal and non-ideal ramp-test and step strain relaxation test 

Time 

rrors Ramp time 

[%] , 82, ,844 , , , , , , , 4, 1,458

[%] 54,25 , , , 14,851 15, 4,251 1, ,118 , , 1, -

Ramp time

[%] , 81, ,844 ,428 1,871 12,511 ,121 ,575 ,45 , ,822 2,

[%] , , 18, 5,518 , , , 2,442 , , , , -

Ramp time

[%] , 78,871 , 24, , , 55,845 , 22,271 , 11, 2,

[%] 52, , 15, 8, , , 2, 4, ,417 ,211 , , -
( )

( )

time = 10 the differences are of 5% degree and they 

are lesser than 1,5% only at > 100 . However, as the 
two curves approach each other at sufficiently long 

times greater than 100 , the difference is not negligi-

ble as 100 . Thus, the „ten-times-rule”, according 
to which the relaxation modulus is calculated as 
( ) = ( ) for 10 , may fail. The errors for

the signal ( ) are not as big as for ( ), but the accu-

racy in ( ) approximation is also insufficient, especial-

ly in short time region < . 
Thus, both using the ramp-test data as ideal step-

strain data and calculating the relaxation modulus using 

the formula ( ) = ( ) , as well as even applying 

the known rules derived for ideal ramp test of
loading rate, leads to unacceptable errors. What is espe-

cially important, these errors are unacceptably big in the
time intervals of the greatest dynamics of the stress 

relaxation process. The presented results convincingly 

prove, that using the ramp test data ( ) as an ideal 

step-strain data ( ) and even as the ideal ramp test 

data ( ), in many cases fails to give satisfactory ap-
proximation of the relaxation modulus of the material. 

In this paper the following assumption will be taken.

Assumption. The relaxation modulus ( ) is double 

differentiable function such that:

( ) 0,
( )

0,
( )

0 > 0. (4)

The above assumption seems to be quite natural. In 

particular, it takes account of the course of the experi-

mentally recorded relaxation modulus. This assumption, 

taken for example in [8, , 22], is satisfied by commonly 

used rheological models, such that 

and Peleg models. Note also that from (4) it fol-

lows immediately that ( ) strictly monotonically non-
increasing (decreasing) continuous convex function.

On the basis of (1) and (2), taking into account that 
( ) = 0 < 0

( )

On the basis of (1) and (2), taking into account that 
( ) = 0 for any < 0, the stress during the initial load-

ing phase of the stress relaxation test in the interval of time

0 < < is described by the following equation:

( ) = ( ) + ,

which, taking into account the definitions of the pa-

rameters and , can be rewritten as:

( ) = ( , , ) , (5)

where the integrand:

( , , ) = ( ) ( )

is introduced for brevity. We approximate the integral 

Unfortunately, no general 

methods can be recommended for numerical integration. 

The choice of the suitable method must be done on a 

case-by case basis, depending on the integrand function 

properties. (0, , ) = 0, and since 

< 0, then for an arbitrary 0 < < we have 
( , , ) > 0; here > 0, 0 < . The partial 

derivative is given by the expression:

( , , )
= ( ) ( ) + ( )(2 ).

T , it is clear that if 

< 2, then ( , , ) > 0 and
( , , ) 0 at = 2 for any time variable

0 < . Hence, if 2, that is 2, then 

the integrand ( , , ) is monotonically increasing 

function of . The course of an exemplary integrand
( , , ) as a function of the variable 0 for 

-time = 1 [ ] and time 

instant = Thus the simplest 

method of numerical integration, the midpoint rule, is 

appropriate for numerical approximation of the integral 

(5) for 2. r-

,
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We now wish to find the formula for relaxation

modulus identification for the time interval > 4. 

To do this, note that on the basis of equations (1) and 

(2) in the second constant strain phase of the relaxation 

test, i.e. for > the stress is given by the expression:

( ) = ( ) ( ) , (8)

or in equivalent form:

( ) = ( , , ) ,

where the integrand ( , , ) is given by . Now, for 

an arbitrary > also for the upper limit of integration 
( , , ) = 0. The function ( , , )

is continuous and non-negative definite for any 

and, as it may be easily verified on the basis of the sta-

tionary point condition ( ) ( ) =
( )(2 ) achieves the maximum for

such that 2 < < . inte-

grand function ( , , ) for material , the time 

instant = 2 as a function of variable 0 is 

illustrated in Figure The paraboidal nature of this 

function makes reasonable the choice of Simpson’s rule 

to evaluate the integral (8). We use both the simple 

to evaluate the integral (8). We use both the simple 
three-point and the generalized five-point rule. y-

ing simple Simpson’s rule we obtain the formula:

( ) ,

and whence:

( ) ,

-Phillips formula. d-

ing the finite time interval [0, ] into four equal subin-

tervals and applying the generalized Simpson’s rule,
after simple algebraic manipulations we have:

( ) 3 + 3 +

+2 ,

whence, in view of the definition of the parameter , we

finally obtain:

Fig. 3. The function ( , , ) for 

= 1 [ ]: (a) = , (b) = 2 , 0

+2

Similar to (11), we have:

+
3 ( ) + 3 +

+2
. (12)

Combining the expressions , (11) and (12) treated as 

the equalities and applying the next equations, which 

:

+ = ( ),

+ = ,

after simple algebraic manipulations we obtain:

( )
3

4
=

8

3
( )

7

3
+
4

+

+ + ,

which is the desired result. Thus we have achieved the 

formula for relaxation modulus approximate identifica-

tion for > 4. 

It is assumed here that relaxation modulus is mono-

tonically decreasing function. The monotonicity of the 

relaxation modulus model obtained by the proposed 
method is resolved by the two consecutive properties. 

Property 1. is satisfied, the stress 

0 < 2

(5) for 2. r-
ra’s equation of the first kind (1), the midpoint rule is 

numerically stable. -point rule to 

integral of the right-hand side of (5) we obtain:

( ) ,

whence, for 0 < 2, the following expression 
follows immediately:

( ) = ( ).

It is easy to verify that the above implies for 0 < 4
the rule:

( )( ) =
( )

(2 ). (7)

++2

+ +2

(11)

( ) 3 + 3 + +2

.

( )

.

++2

(12)++2 .

+ 3 ( ) + 3 + +2
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Property 1. is satisfied, the stress 

measurements are noise-free and for any 0 < 2

the following inequality holds:

2 ( ) + ( ) 0, (14)

then the relaxation modulus model ( )( ) is mono-

tonically decreasing function in the time interval 

0 < . 

Proof. On the basis of (7) we have:

( )( ) =
( )( ) ( )( )

( )
. (15)

In order to examine the monotonicity of the model 
( )( ) (7) it is enough to check the sign of the nu-

merator of right-hand side of (15), i.e. of the expression:

( ) = 2 (2 )( ) (2 )(2 3 ).

Taking into account (5) and , after suitable change of 
variables, we obtain:

( ) = ( )( )( ) . (17)

Whence, n-

cerning the differentiation of the integral with the limits 

depending on the variable we have:

( ) = ( )(2 2 ) . (18)

Using (17) and (18) we can rewrite the function ( )

:

( ) = (4 + 2 4 ) ( ) + (7

8 2 ) ( ) + (3 2 ) ( )

where: ( ) = ( ) , ( ) = ( )   

and ( ) = ( ) . 

( ) we have for an arbi-

trary and :

( ) ( ) + ( )( ).

Hence, the next inequality follows:

( ) 2 ( ) + ( ) ( ) = 2 ( ).

In order to estimate the integral ( ) it is enough to 
( ) is

concave. Thus, for an arbitrary and such that

2 2 the following inequality holds:

( ) ( ) + ( ) + ( ) ( ), (21)

on the basis of which, we obtain the upper bound:

( ) 2 ( ) + ( ) + ( ) ( ) =

( ) 2 ( ) + ( ) + ( ) ( ) =

= 2 ( )

and therefore, taking into account the inequality ,

we have:
( ) ( ). (22)

In a similar fashion, using once more the inequality

(21), it may be proved that the next inequality holds:

( ) ( ). ( )

Since the polynomial (7 8 2 ) of variable 

is negative definite for any 0 < 4 and the ex-

pression 4 + 2 4 = 2 [ + ( ) ] is

positive definite for any > 0, taking into account that 

the parameter < 0, by combining , (22) and ( )

we obtain for an arbitrary 0 < 4 the following 
estimation:

( ) ( ) < 0.

Which finally concludes the proof.

Remark 1. It is easy to check that for model 

the condition (14) takes the form ( ) 1 1 , 

therefore is satisfied for every 0 < 2, whenever 

( 2 ) 1 + 1. In particular, if = 0,5 (see 

, then the condition (14) means that 18 , 
and is not difficult to satisfy.

Remark 2. ( ) = we 

have = 1. Thus, the condition (14) is satisfied, when-

ever 4 . 

Having known even rough estimation of the relaxa-

tion time of the material we can choose without difficul-

ties the ramp-time so as to satisfy the condition (14). 
Property 2. is satisfied and the stress 

measurements are noise-free, then the relaxation modu-

lus model ( )( ) is monotonically decreasing func-

tion in the time interval < . 

Proof. ( ) for

> . On differentiating formula (8) we arrive at the

following expression:

( ) = ( ) ( )

and then, on differentiating equation (8) with respect to 

twice, we obtain:

( ) = ( ) ( ) .

Since the parameter < 0 and the ramp-time > 0, in

view of t , the above implies the follow-

ing inequalities: ( ) < 0 and ( ) > 0. Thus, for any 

> the stress derivative ( ) is negative definite 
monotonically increasing function. Since on the basis of

:

( ) = ( ) + +

,
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Summary. The article presents an innovative method for testing 

of the technical condition of an alternator by means of IR camera. 

Infrared radiation method has been compared with conventional 

methods, their advantages and disadvantages have been presented 

been used for thermovision tests. The tests have been processed 

describes the methods of thermovision tests accuracy improve-

ment in order to enable a quick and reliable diagnosis.

Key words: alternative current generator, alternator, diagnostics, 

thermovision camera, electric power supply circuit.

INTRODUCTION

with electromagnetic or magneto-electric excitation (with 

permanent magnets) [4]. Its purpose is to supply electrical 

energy to the battery of motor vehicle and its electric system 

in the course of combustion engine operation. The power 

speeds. It is particularly important in case of motor vehicle 

-

mensions of alternative current generator are small, its speed 

range is wide and power-to-mass ratio is high. Currently, 

the research projects in the scope of design and operational 

parameters of contemporary alternators are focused on: the 

reduction of their dimensions and mass, optimization of 

excitation and cooling circuit and noise reduction [14]. There 

are many detailed descriptions of design solutions of alterna-

principle is similar. The modern diagnostic methods most 

often make it necessary to remove the device from the motor 

vehicle extending the time required to localize a damage

and constituting potential reason of mechanical damages.

The maintenance free operation of alternators applica-

tion is an argument supporting their application. The scope 

of periodical maintenance encompasses only the following 

checks: fastening, cleanness and quality of the conductors 

-

passes the following types of damages: excessively worn 

brushes, bearings clearances, abrasion of slip rings etc. and 

are found on the basis of organoleptic tests or as a result of 

partial disassembly of generator elements. However, fur-

ther operation of alternator is impossible in case of electric 

necessity to dismantle the unit from the car, but its disman-

-

ed on the basis of indications of dashboard control light 

Ta b l e  1 .  

Item Symptoms Possible reasons

1.
Control light does not light after the ignition is turned on, with 
engine not operating

– damaged light
– damaged ignition switch
– blown fuse
– discharged battery
– short – circuit of positive diodes



-

cated in case of some types of damages, despite the lack 

of battery charging, e.g. a discontinuity or short – circuit 

in the regulator circuit of inter-phase short – circuit in 

stator windings.

is the assumption of primary importance for the creation of 

new diagnostic procedures for individual equipment ele-

new methods associated with diagnostic tests quality are 

-

rectly contributes to repair costs of the operated equipment.

The following checks should be completed in order to 

– excitation current intensity, 

– rectifying diodes, 

– regulated voltage, 

– alternator leakage current. 

Universal meters or oscilloscopes are frequently used in 

such type of tests. Particular care should be taken in order 

to prevent any damage of regulator and rectifying diodes 

as a result of unintended short – circuit or reversal of po-

larity terminals of the conductors in course of test or when 

dismantling the device from motor vehicle. The algorithm 

to be followed in the course of such checks is illustrated in 

Figure No1.

of alternators. The rectifying diodes can be subject to dam-

ages occurring mainly when exceeding the rated current 

values (in conducting direction) and reverse voltage (in re-

whole rectifying system.

The possible reasons of damages in the rectifying sys-

tem as well as in the electrical systems of the generator 

(windings) are: reversal of battery polarity or battery discon-

nection in course of alternator operation, disconnection of 

electric system in course of its operation, high environment 

temperature in course of alternator operation under high 

load. Furthermore, the mechanical damages are possible in 

course of repair.

Oscilloscope is most frequently used for testing of alter-

nator technical condition in workshop practice. The testing 

consists in comparison of obtained curves with standard 

the frame and the curves for typical alternator damages are 

Charging current with 

receivers turned on

Checking if the current 
increases at increasing 

speed

N

T

Alternator 

damaged

terminals

N

T

Correct alternator

Checking if the
voltage in case of 

speed changes is equal 
to about 

Checking the 
excitation circuit for 

its continuity

Voltage regulator 

damaged

T

N

START OF TEST

Checking if the 
devices and conductors 

are connected and
fixed properly

N

T

Correct the fastening
of devices and 

connection of wires

Fig. 1. 

Item Symptoms Possible reasons

2.
operating

– discontinuity in rotor winding
– worn brushes

Control light does not go off even when ignition switch is turned off – short – circuit of positive diodes

4.
– dirty brushes

5. Control light does not go off while the engine speed is increased 

– damaged regulator
–  discontinuity or short – circuit in rotor winding 

of excitation diodes 
– short – circuit of negative diodes

– damaged regulator
– short – circuit in stator winding
– discontinuity in bridge diode
– high resistance on contacts
– loose conductors 
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Fig. 2. 

-

similar curves occur in case of damages of all negative or 

positive diodes. 

-

continuity) in one negative or positive diode and Figure 

and additional tests.

The thermovision method proposed in the present arti-

cle makes it possible to eliminate the aforesaid problems. 

a) b)

c) d)

Fig. 3. 

c) discontinuity in one negative diode of the bridge, d) discontinuity in two negative diodes of the bridge

Thanks to their advantages i.e. versatility and possibility of 

contactless temperature measurement, thermovision tests 

are perfectly suitable for the analysis of elements gener-

ating certain amounts of thermal energy. Therefore, it is 

possible to indicate the location of damage or an element 

generator.

The tests were carried out for the alternator parts which 

can be damaged in course of their routine operation as 

a result of ageing of elements or mechanical and electri-

cal processes described above. The tests were carried out 

were applied in course of tests: U

load

order to eliminate “the method errors” of thermovision 

affecting the obtained results: emission factor was deter-

mined individually for each alternator (material) element 

under test, the impact of external IR radiation (lighting) 

sources was eliminated, the tests have been performed 

along alternator axis from the side of rectifying bridge 

(normal direction). 
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Figure 4 illustrates the thermograms obtained in the 

circuit located on the alternator rotor, no electromotive 

force is generated in the stator (armature). There is no 

(Fig. 4b). The temperature of brush holder (No 7, Fig. 

4b) should be determined in order to eliminate the diodes 

damage causing similar diagnostic symptoms. This tem-

perature should be similar to the temperature of the whole 

alternator. Thermovivion method makes it also possible to 

evaluate the brushes condition without necessity of their 

dismantling. When the alternator brushes are worn, their 

working temperature is reduced due to lack of “brushes 

through them.

-

movision measurements explicitly indicate the location 

computer assisted analysis, it is possible to determine if 

-

damaged diode.

Ta b .  2 .  Temperature distribution in course of operation for 

individual negative diodes in rectifying bridge

Item Time
Diode tem-

perature
-4-

Diode tem-
perature

-5-

Diode tem-
perature

- (s)

1 28,5 28

2

4

5

44,7 42,1

7 45,4 42,7

8

47,5 44,8 41,8

48,1

11 45,8

12

14

15

a) b)

c) d)

Fig.4. Alternator: a) object of tests, b) thermogram with excitation winding discontinuity, c) thermogram with discontinuity in 



The difference of temperature achieved in course of 

criterion in order to qualify the diode as damaged (in course 

of thermovision measurements). From experimental test it 

diodes exceeding 5%. In case of a damaged diode, regardless 

of its incorrect operation, the achieved temperature is higher 

than its value resulting from theoretical considerations as 

a result of heat exchange in the form of heat conduction 

and convection between damaged diode and other struc-

tural elements of alternator. Nevertheless, the difference of 

possible to qualify an alternator diode as damaged.

Thermovision technique method presented therein can 

be used as the method supplementing the diagnostics in 

the scope of alternator technical condition and substituting 

conventional methods in certain cases. Its advantage con-

sists in the possibility of an objective, non – invasive and 

contactless measurement. It is decisive criterion for the use 

to the generator or to its electric terminals (in some vehicles 

models). The conducted tests demonstrated that thermovi-

sion technique makes it possible to precisely indicate the lo-

cation of an alternator element and to determine its technical 

parameters in an easy and quick way. Furthermore, using 

thorough computer aided analysis of the obtained results, it 

is possible to create database which could be useful in case 

of building the new design solutions for alternative current 

generators, selection of new materials, and consequently 

alternators installed in motor vehicles. 
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Streszczenie. -

nu technicznego alternatora z wykorzystaniem kamery na podczer-

promieniowania podczerwonego z metodami konwencjonalnymi 

-

w celu wykonania szybkiej i pewnej diagnozy.
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Summary. The paper presents some issues related to the se-

lection criteria of a heat pump based on the published research 

results. The experimental research conducted on a single family 

of individual functional parameters on the heat pump energy 

Key words: ground source heat pump, vertical collector, scroll 

of performance.

years now but recently we have been observing a rapid growth 

in their sales. This partly results from the requirements set by 

-

zation for the Development of Heat Pumps (PORT PC) we 

Fig. 1. 

The technology of geothermics, known and developed in 

in Poland, too. Unfortunately, it still is a consequence of the 

efforts of the manufacturers and fans of this type of technol-

ogy who try to show the invaluable advantages this technol-

Out of all the installed heat pumps the main share con-

stitute the ground source heat pumps that, due to the cold 

climate, are preferred by Polish users. In Poland in the sector 

2. Such houses 

a growth in the demand for high power heat pumps has also 

been observed for the purposes of heating of multifamily 

pumps used exclusively for the production of hot water. It 

thermal collectors. Compared to solar thermal systems heat 

water throughout the year and provide additional ventilation, 

INTRODUCTION

have been continued in the area of renewable sources of 



as complementary sources of energy to traditional solutions 

is a must. To this end, the university team has undertaken to 

optimize the operating processes of mechanical systems in 

explore fundamental relations between the heat pump param-

eters in the aspect of minimization of energy consumption. 

To this end the authors designed and developed a research 

stand of a ground source heat pump and vertical collectors.

The heating system utilizing a ground source heat pump 

(brine/water) was installed in a two story single-family 

house of the total area of 156 m2

installed on both stories. The heating circuits on the ground 

pumps, which allowed an easy control of the supply of the 

In the blueprint documentation of the building an an-

nual demand for energy of is given. 

the level of 1800 h we can obtain an estimate thermal load 

of the building on the level of 9.1 kW [14. 24].

The realization of the adopted scope of experimental 

the construction of the research stand practically excluded 

serially manufactured heat pumps. The authors decided to 

build a heat pump basing on generally available construction 

subassemblies of renowned manufacturers in the refriger-

ation industry. 

It was assumed that the refrigerant would be the widely 

applied CFC free R407C. In the condenser and evaporator 

of the control systems was Danfoss. 

Due to an even load of the individual phases of the elec-

trical installation and the experimental research performed 

using an inverter, the authors decided to use a three-phase

power supply for the compressor. From the catalogue the 

authors selected the smallest of the available three phase 

compressors of the heating power of 9 kW. For the assumed 

working parameters ( -

formance of COP=4,4. The catalogue compressor number 

From the presented catalogue data it results that in the 

-

-

also proportionally higher for higher temperatures. Thus, we 

need to maintain the highest possible refrigerant evaporation 

temperature values. The increase in the temperature of the 

performance (COP).

Due to limited possibilities related to the organiza-

tion of the plot and disadvantageous ground conditions 

(on the depth of 1÷2 m sand deposition was discovered) 

a lower heat source was performed using a vertical col-

lector. 

For the selection of the vertical collector the authors 

used dedicated Energeo

– the supplier of the probes of the vertical exchanger. Upon 

-

on the level of 38  a total required length of the vertical 

exchanger of 186 m was calculated (dual pipe probes were 

probes 62 m each were connected to the wall distributor 

located in the heater room [8, 12]. 

Upon installing of the research stand the circuit of the 

water. Upon breathing individual circuits, lower heat source 

circuit pumps were activated for two hours to obtain an even 

Next, a calibration was performed of the individ-

ual measurement chains and a verification of the cor-

rectness of the installation of the control circuits was 

carried out. 

The preliminary tests were carried out in November and 

During the tests the basic operating parameters necessary 

for the determination of the heat balance were recorded. 

Symbols adopted in the graphs:

– Tgin – glycol temperature at the inlet from the lower 

heat source,

Ta b .  1 .  -



– Tgout – glycol temperature at the outlet from the evap-

orator,

– Thin – return water temperature from the heating circuit,

– Thout – heating circuit water temperature,

– Tco –condensation temperature of the refrigerant,

– Tev – evaporation temperature of the refrigerant,

– Tcwu – water temperature in the hot utility water tank,

– Tcoin – refrigerant temperature at the inlet to the con-

denser,

– Tevout – refrigerant temperature at the outlet from the 

evaporator.

Fig. 2 clearly shows that at constant chilling power of 

the heat pump the increase in the temperature in the hot 

utility water tank forces an increase in the temperatures of 

the upper heat source.

that for a constant temperature difference in the glycol circuit 

of the lower heat source for the higher preset evaporation 

temperature, the capability of the takeoff of the refrigerating 

power by the heat pump decreases. 

the upper heat source causes a much lower value of the 

Fig. 4 shows that within the first 15 minutes from the 

pump activation a significant increase in the temperature 

of the return water was observed in the upper heat source 

for the floor circuit pump on the ground floor set to speed 

I. Switching the pumps to speed II causes an abrupt drop 

in the temperature of the inlet water to the upper heat 

source. Fig. 5 shows the changes in the temperatures for 

Fig. 2. Changes in the temperatures in the hot utility water tank circuit

Fig. 3. 



the case when in the upper heat source circuit only the 

floor circuit was on and the circuit pumps of the lower 

-

fer rate in the ground for given conditions, changing the 

glycol flow rate results in a decrease in the difference 

in the glycol temperature at the inlet and return of the 

evaporator.

setting the pump to speed II does not result in such a large 

decrease in the temperature of the inlet water in the up-

per heat source anymore, as was the case in the example 

shown in Fig. 4. 

of the temperature changes in the condenser and evaporator 

for the CFC circuit.

Fig. 4. 

Fig. 5. 

circuit set to speed II

The temperature of the refrigerant at the outlet from the 

the operating parameter changes of the upper heat source 

The research was carried out in a single-family house 

that is not yet in regular use. For purely economic rea-

sons the room temperature was maintained on the level 

peak time of day when night rates for electricity applied. 

Hence, the pump during the research did not operate un-

der optimal conditions. Nevertheless, from the prelimi-



Fig. 6. 

nary investigations we were able derive which operating 

energy performance.

-

ence of the operating parameters of the heat pump on the 

-

ble upon a completion of research on the entire range of 

of the obtained results will allow a determination of which 

of this analysis will be a validation of the correctness of 

the methodology of selection of the individual heat pump 

subassemblies.
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Summary: -

zation of sweet corn cobs on yield of kernels and the content of 

corn kernels and decrease of content of sucrose in the kernels. 

Key words: sweet corn, nitrogen, fertilization.

INTRODUCTION

Sweet corn for processing is harvested at a relatively 

corn is used to increase its shelf life but as a consequence, 

The high yield of suitable quality of sweet corn kernel 

requires the provision of a lot of nutrient elements to the 

plant, with nitrogen being the most important element for 

-

Nitrogen in sweet corn growing is an important component 

the taste and nutrient value of kernels [4]. Sweet corn cobs 

constituting raw material for processing must be charac-

also by the mechanical parameters of kernels. This appears 

to fully justify joint consideration of all those properties. 

Sweet corn is probably a mutant of fodder corn [14]. The 

chemical composition of the kernels is related to the weather 

the nutritional value of sweet corn kernels is related to the 

content of water (72,7%) and to the total content of sol-

the dominant hydrocarbon component. Sweet corn has the 

highest nutritional value in the phase of milk ripeness. With 

progressing phase of ripeness, in the transition to the phase 

of wax ripeness the content of sugars decreases, accompa-

and that of reducing sugars decreases as the kernels reach 

the optimum ripeness . The content of proteins in the kernels 

decreases from the surface towards the centre of the kernel. 

The content of proteins, free aminoacids, water-soluble and 

insoluble hydrocarbons, increases up to the phase of wax 

ripeness, and then gradually decreases [1]. The amounts of 

the particular components in various cultivars and in various 

phases of ripeness variable.

The consumable quality of sweet corn depends on dif-

ferent factors such as: degree of maturity, genotype, varie-

ty, isolation of space, length and condition of post harvest 

storage, weather conditions, fertilization, irrigation and 

The new cultivation trend is to balance mineral nutrition, 

which results in a high yield and reduces to the minimum the 

nitrogen fertilization should be exactly determined on the 

basis of chemical sample of soil. It causes many problems 

a decrease of the level of sugars in kernels and can cause 

danger to the natural environment because it is easily rinsed 

problem is especially meaningful in the growing of vege-

table plants. Fertilization of nitrogen should be considered 

in view of a possibility of obtainment of high yield with 



of nitrogen depends on soil condition, content of available 

-

Warzecha [25] stated that the supply of nitrogen should 

cob yield and protein content in kernels and decrease of oil 

and starch in kernels.

Sweet corn attains consumable maturity when the ker-

nels are at milk stage of maturity and their moisture amount 

nitrogen fertilization of sweet corn on the yield of cut off 

kernels and their content of sucrose.

The material was made up by sweet corn cobs of the fol-

lowing three super sweet varieties (sh2

Helena. Table 1 gives the physical and geometric properties 

of the sweet corn cobs. 

Ta b l e  1 .  -

ometrical properties of sweet corn cobs.

Candle Helena

Cob mass, g
x

SD 18,2

Cob lenght, mm
x 21,7

SD 4,7 4,2

Cob diameter*,
mm

x 48,7

SD 1,2

mm

x 8,1 8,7

SD 1,5 1,2 1,7

Number of kernel 
per row, pcs.

x

SD 5,8

Number of kernel 
rows, pcs.

x 18 14

SD 2,8

kernel, %

x 74,4

SD 2,1 2,4

x – mean value

SD – standard deviation

* measured in central part of cob 

The varieties studied were characterized by a relatively 

low variation of the mean measurement values, which posi-

tively assisted the comparison. It was found that an increase 

in the mean physical and geometrical values of corncobs 

was related to an increase in their yield.

The fertilizer applied in the experimental was carbamide 

2
O

5 2

sulphate. The application was realized in two variants:

a) I – all dose of nitrogen fertilization was applied before 

b) II -the half of dose of nitrogen fertilization was applied 

2 area 

in split-block system for three factors: O – variety, N – dose 

of nitrogen, W – variant.

The yield of cut off kernels ( zQ ) was determined ac-

cording to the following formula:

]/[ hatQ
m

mm
Q k

k

rk
z

where:

km weight of dehusking cob, t

rm weight of cob core, t

kQ
-

-

ments were taken for the angular velocity of the cutter head 

The measurements of sucrose content were realized us-

The yield of cut off kernels was determined on the sample 

cobs for each combination of doses of nitrogen and variant.

The measurements results were analyzed statistically at 

The tree-way analysis of variance to analyze the effect 

of three qualitative factors: variety (O), dose of nitrogen (N) 

and variant (W) on the dependent variable of the yield of 

kernels ( zQ ) showed that O, N, W and interaction N-W were

Ta b l e  1 .  The analysis of variance to analyze the effect of 

qualitative factors (O, N, W) on dependent variable (
zQ )

-
cation

Sum of 
square

Degree of 
freedom erroe

Test F
-

cance level

O 2 14,5

N 155,7

W 2

O-N 1,7

O-W 4

N-W 1,47

O-N-W 12

The highest mean value of kernels yield in range of nitrogen 



(Candle) and from 11,5 to 12,5 t/ha (Helena) (Fig. 2). The 

highest mean value of kernels yield ranged from 11,5% 

Fig. 1. The mean value of kernels yield )( zQ -

dence interval in relation to dose of nitrogen fertilization (N) 

at variant I

Rys. 2. The mean value of kernels yield )( zQ -

at variant II

The analysis of variance to analyze the effect of three 

qualitative factors: variety (O), dose of nitrogen (N) and 

variant (W) on one dependent variable: the content of su-

crose in kernels ( sC ) showed that O, N, N and interaction 

Ta b l e  2 .  The analysis of variance to analyze the effect of 

qualitative factors (O, N, W) on dependent variable (
sC )

-
cation

Sum of 
square

Degree of 
freedom square erroe

Test F
-

cance level

O 7,18 2 5,45

N

W 58,54 2 44,41

O-N 1,11

O-W 4

N-W

O-N-W 12

The increase of dose of nitrogen fertilization in the range 

-

second variant (Fig. 4).

The highest decrease of sucrose content was recorded 

-

Rys. 3. The mean value of sucrose content )( sC -

at variant I

Rys. 4. The mean value of sucrose content )( sC -

at variant II

1. The yield and content of sucrose in kernels are sta-

the dose of nitrogen fertilization and its variant of 

application.
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Summary. In this paper the problems of beer-can in production 

“disappear” in process technology are considered. The estimation 

of process quality has been performed on the basis of statistical 

Key words: food company, technology process, pouring of beer, 

statistical tests

INTRODUCTION

In logistic systems of production company of technical 

-

of evaluation of the technological and working costs has 

Traditional methods of the evaluation of the materials 

requirement have used the analyses of statistical meth-

-

The objective of this work was to show the possibility of 

as the component of material logistics estimation (magazine 

and technology). It is an attempt at quantity estimation of 

The object was the estimation of beer-can “disappear” in 

in aspect of the time of the highest demand of consumption.

The methods took into account:

– Tests of zero hypotheses for variables: taking of beer-can 

– Total statistical calculation of variables,

In the test calculations there were used: the t-student test, 

Results of calculations:

1. The testing of zero hypothesis and total statistic of var-

iables.

The calculations for p.p. variable in the range of level 

for factor “group” (month) is shown in Table 1.

The calculations for n.p. variable in the range of level 

for factor “group” (month) is shown in Table 2.

Ta b l e  1 .  The total statistic for p.p.variable 

Contents
Number

Standard

deviation of variability

1

2

21

4 22

5 22

Total



Ta b l e  2 .  The total statistic for n.p. variable 

Contents
Number

Standard
deviation of variability

1

2

21

4 22 14.58

5 22

18.25

Total

Ta b l e  3 .  

Contents
Number

Standard
deviation of variability

1

2

21 178.27

4 22 24.27

5 22

87.24

Total

2. The analysis of variance and Tukey HSD test.

The calculations for p.p. and n.p. variables in the range of level for factor “group” (month) is shown in Table 4.

Ta b l e  4 .  The analysis of variance for n.p. and p.p. variable 

Content
Sum of square Degree of freedom Test F

p.p. n.p. p.p. n.p. p.p. n.p. p.p. n.p. p.p. n.p.

5 5 1.14

Inside group 114 114 - - - -

Results of Tukey test for p.p. and n.p. variables was presented in Table 5a and 5b

Ta b l e  5 a .  Results of Tukey test for p.p. and n.p. variables

Contents
Number mean Homogenity group

p.p. n.p. p.p. n.p. p.p. n.p.

4 22 22 x x

1 x x

2 x xx

21 21 x xx

5 22 22 x xx

x x

Ta b l e  5 b .  

Contrast
group

Difference

p.p. n.p. p.p. n.p.

1-2 887.25 12858.4

1-4

1-5 5785.55

12281.5



2-4 15141.5

2-5 15141.5

5457.84

4-5 11558.8

The results for “disappear” variable is shown in Table 

7a and 7b.

The analysis of equipment, material and production of 

The statistic results that the nominal capacity uses of pour-

-

ly. In the whole period of studies (group 1 – group 2) the lowest 

The calculations of next production phase for n.p. 

of beer-can taking (p.p.).

The nominal value of month “disappear” amounted 

resulted from objective reasons (leakiness, deformation, 

beer goes to sewage.

The analysis of variance for p.p. and factor “group” and 

Tukey test showed that there are the homogeneity group 

-

ever, for n.p. there are homogeneity group (Tab. 5b). Tables 

Ta b l e  6 .  The analysis of variance for variable “disappear” and level factor “group”

Content Sum of square Degree of freedom Test F

5

Inside group 114 - -

Total - - -

Ta b l e  7 a .  Tukey test for the variable “disappear” and level factor “group” 

Contents Number Homogenity group

5 22 x

2 x

1 x

4 22 x

x

21 x

Ta b l e  7 b .  

No.
Contrast

Difference No.
Contrast

Difference

1 1-2

2
1-4 11

4 1-5 12
5 4-5

14

7 2-4 15

8 2-5 7.25 - - - -



Results of researches, which were limited in this paper, 

of the technical standards of beer-can production at no re-

mittent popularity on the market of wrapping.

The difference between the number of beer-can in day 

highest quality beer-cans from the producer as well as strict 

formality of standards in pasteurization process as well as 

The research will be continued in the next period of 

production. The information has been particularly subject 

to analysis, especially that so far there have been no nu-

merous published papers in this range, and the existing ar-

ticles have presented the information only on the process 

of technology in range of biological and chemical changes 

or the description of a particular machine and its technical 
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Streszczenie: 
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-

-
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Summary. In the article switched modern methods of analysis 

-

successive phases freezing and cooling metal foundry defects 

used to develop simulation technology performed by casting 

Key words: cast, defects, computational simulation, technology.

INTRODUCTION

The simulation processes, using computer programs, 

is to develop optimal technology implementation casting, 

with simultaneous eliminating defects foundry. Simulate 

saturation forms by verifying the accuracy metal, of knots 

thermal, effectiveness of their power in areas with will 

together in which may occur defects type: bladders gas, 

porosity. For the analysis was used computer support pro-

technologies comply with the castings, shortening the time, 

cost savings investigation for optimal technological solu-

tions, computer simulation process has been carried out 

implementation:

– plastic casting,

– parameters thermo-physical material form.

environment active chemically, from which is required 

a)

b)

Fig. 1. 



by metal channels and closing the generation cavity 

forms, speed over metal in the initial phase,

– freezing, cooling, power supply castings, cooling casting 

specifying the alterations phase, phenomena contract and 

the related problems internal defects (porosity),

– stresses and strains and possible cracks both hot and 

cold,

– shaping bronze structure and its impact on property in 

the casting of stress in the construction corps, lids and 

their impact on their integrity.

In foundry operations, in the area there is a number of 

phenomena physico-chemical which affect the process of 

21, 22, 24].

casting, with the same plastic and of the same weight may 

overcome technological process of implementing them, and 

to limit the quantity defects.

Once the range of the enlargement cast is growing threat 

presence carried out in a series non defects the mastery of 

which is an, sometimes time consuming. Foundry defects 

may be disclosed in subsequent stages of production:

– after casting,

– carrying mechanical treatment,

– assembly valves.

Therefore the technological process analysis was carried 

out using:

– classic methods to evaluate quality casting, depicting 

type defects, place of its occurrence,

– programme computer simulation.

-

tended to work in an environment of increased aggressive-

ness (chemical sea water). For casts of bodies program was 

carried out with regard to computer simulation process 

risk areas by the existence of casting defects and voids 

porosity. Simulations were performed with the help of 

hydraulic processes occurring in space molding. It has en-

abled a complete study phenomena transiting during the 

process of casting by: 

– predicting quality castings (identify the occurrence of 

defects and position: i am molding porosity,

– predicting effects of introducing different technologies,

increase in yield metal,

– document production process.

-

scribed by temperature distribution. The primary criterion 

used in assessing body casting is porosity.

of the impact the technological process parameters of their 

presence. This allows the defects specify the type and lo-

cation of its place. 

This makes it easier to take a decision aimed at imple-

menting casting technological changes parameters or laying 

down a repair casting so as to achieve implied tightness 

casting. Freezing analysis (temperature drop in metal on the 

temperature solidusu) and cooling (lowering the tempera-

ture below casting temperature solidusu) has been carried 

out primarily for directional freezing and speed these solid 

phase in wall casting.

period freezing mainly from the forms which is the external 

-

Fig. 2. 

Fig. 3. The expected porosity casting



-

even porosity.

They will be located mainly in the internal walls cast-

thermal power knots casting (Figure 4).

Fig. 4. Computer simulation casting corps power

Distribution of this temperature the liquid phase in to-

falls, metal in together is, in together there are places where 

metal is still liquid, there is this phenomenon loss of power 

certain elements casting (Fig. 4).

Fig. 5. The location porosity together in body material in the 

In the tests have been used option library data thermo-phys-

casting corps has shown together in place in which there is 

a threat of defects iron porosity.

Their elimination can be achieved by changing tech-

Computer simulation has been carried out for various 

defects in the test simulations have been applied for position 

decision was taken that the proposed technology provides 

casting castings without defects

-

cess has shown that there are in place together with porosity 

material. Carried out the analysis has led to the risks which 

creates adopted technology casting.

porosity castings corps.

1. Allison J.E., 2010

2. Allison J., Backman D., Christodoulou L., 2006:  In-

Fig. 6. The location porosity together in body material in the 

density of 1%

Fig. 7. The porosity in the casting body when technology changes
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Summary. Currently an increase is observed in quality requirements 

from manufactured products and installations. This also applies to 

castings. One of methods of improving cast quality is using modern 

porosity sealing methods during the technological process. This method 

has found wide use in the world in order to not only improve the work-

ing parameters of foundry operations, but also the quality of welding, 

of leak-tightness improvement in valve castings working in extreme 

conditions e.g. extreme temperatures or adverse chemical environment.

Key words: leak-tightness, defects, castings repair, sealant.

INTRODUCTION

In iron, which is not made of non-ferrous metals and alloys, 

there are often defects such as foundry losses, gas bubbles, poro-

sity, and others which in extreme cases lead to castings rejection. 

in extreme conditions where, e.g., resistance is required to:

– temperature (increased or reduced),

– chemical reagents, sea water.

Since these defects often are detected after additional 

treatment operations such as removal, heat treatment, the 

costs incurred adversely affect the company budget, by in-

creasing costs of its activities. 

Therefore, technical staff of the companies are seeking 

application of repair casting is required to obtain proper tech-

Currently an increase is observed in quality requirements 

from manufactured products and installations, which also 

applies to castings. One way of improving cast quality is 

application of modern methods, such as sealing porosity 

repair, in the implemented technological process. 

The above-mentioned method has found wide use in 

the world, not only to improve the working parameters of 

foundry operations, but also the quality of welding, sinter-

is being sealed. Currently an increase is observed in quality 

requirements posed in practice, not only for iron. There are 

various methods of sealing repair in castings concerning 

faults caused by gas porosity, cracks in the cold and other 

Health hazardous industrial elements of casts are under 

control, using several tests, in order to ensure the required 

foundry quality. Part of quality requirements are determined by 

To meet all the requirements, the standards should be 

observed not only in quality of castings, quality of the hazar-

dous connective elements, leak-tightness and productivity, 

-

In the experiments (for a certain group produced castings 

were made of copper alloys with the technical conditions 

reception), the required technical leak-tightness was sought. 

Tests were carried out on sample castings to show 

leak-tightness of a certain percentage of castings, due to 

lack of porosity defects occurrence. 

The world’s leading solutions that have been adopted in 

the casts production involve the method which is required 

for tightness of castings, where the process of production 

is solved so that the technological process in the cycle of 

castings is amended in order to apply sealing-repair process 

Tightness test is carried out after the carried out repair on 

the randomly selected casts. The sealing method involves the 



introduction deep into the casting wall of synthetic sealants 

which have been effective so far in the sealing of all the leeks 

in a casting and providing its seal-tightness required by the 

technical conditions of acceptance. 

For the repair different sealants are used, prepared on 

the basis f epoxy resins, polyurethane, polyester, anaerobic 

The sealant may be forced deep into the casting wall in a me-

chanical, manual or enforced (increased pressure, vacuum) way.

There are many producers of sealants and devices for 

sealing.

Their parameters are different from the sustainability of 

the sealing, within the scope resistance to chemical agents, 

increased or reduced temperature, the type of chemical com-

position preparation way, parameters of application, the 

range of temperatures.

Some manufacturers shall ensure the system of automat-

ic control of the sealing process.

The sealing process as well as the applied substances 

should be safe for the worker and the environment.

In foundries which have not undergone the above-de-

scribed process (Figure1) there are leak defects caused by 

the presence of transverse porosity sections in wall casting. 

Repair of a cast working in increased pressure conditions is 

effective when gas pores sizes are small. 

Together with an increase in pore size, bubbles and gas 

pressure are spoiling the effectiveness of castings repair by 

impregnation method.

Fig. 1. 

In practice, not only for iron, there are various methods 

of sealing repair, in case of porosity presence caused by gas, 

cracks in the cold and under high pressure or other defects 

of castings affecting their seal-tightness. 

The basic methods of repair can be:

– mechanical; (e.g. welding, reaming, high etc.). These 

methods do not ensure seal-tightness of casting affected 

by the presence porosity. They are applicable in articles 

where seal- tightness of casting is not required .

– chemical; (impregnation, diffusion, adsorption, applica-

tion, immersion, necessitated by the sealants leaks in the 

area). These are methods recommended for the repair 

of leak defects in castings. These methods of casting 

repair are the so-called surface (wearing, immersion) 

ones, which do not fully ensure the required tightness 

of casting, the sealant does not fully get to the internal 

parts, on the surface of casting there is an additional 

layer cover which may not be accepted by the casting 

manufacturer.

– replenishment of losses, (for large losses). Used for the 

repair of large losses, especially occurring on surfaces 

of casting. Used for the commercial and aesthetic rea-

sons. This method is not recommended for sealing of 

porosity castings requiring the determined parameters 

Choice of the repair method is dependent on technical 

requirements and economic considerations.

castings and valves which work in extreme conditions. 

are the water valves, gas, air, or valves on chemical agents. 

They work in the conditions of increased pressure, tem-

perature or chemically active environment. The condi-

tions of their technical reception statement indicate that 

they may not have defects involving external or internal 

leakage which eliminate devices part of which is formed 

by a cast. When developing new construction of valves, 

research activities were carried out related to development 

of assumptions of the technical and technological research 

-

ment of the adopted assumptions is their technical check 

in the current conditions. In drawing up of the technical 

on liquid metal movement in the form of seats which were 

Fig. 2. 

Areas exposed to the presence in porosity 
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defects, gaseous bubbles, leaks, are characterized with areas 

of a variable thickness.

We have developed a number of solutions for technical 

and technological methods of castings repair. The chemical 

composition of sealants and construction of equipment used 

to process the sealing is the restricted information on the 

part of manufacturer.

out valve corps casts were tested in the candling posi-

tion x (Figure 4) and the position to test leak of casting 

(Figure 5).

The obtained results were used to make a decision for 

the repair of defective cast by the method of sealing. (Fig-

currently used in many countries for sealing castings was 

applied to the equipment, usually consisting of several tanks 

in which there are: 

– process of preparing,

– forcing the sealants deep into the casting wall (high 

pressure, vacuum),

– chemical, thermal hardening

– washing

Uszczelnianie,   sealing

Fig. 5. Test of seal-tightness of the valve (in water)

Fig. 6. Introduction of sealants deep into the wall of valve 

corps cast

– cooling and removing cast from tank,

– technical inspection.

Sealing devices and technologies have many advantages 

but they also have defects. 

The scope of these devices for the repair of casts is lim-

ited by their dimensions, quantity of produced castings (size 

series), diverse shapes and dimensions and the nature and 

characteristics plastic castings sealants, including: 

– mechanical and thermal strength,

– resistance to chemical reagents’ impact,

– ability to penetrate deep into the casting wall,

– resistance to the leaking of casting,

– bonding (reinforce) sealants, 

– the ability and the way of the removal of external surface 

sealants from castings.

In the last period the knowledge has increased of the pros 

of the sealing process, its quality (pros and cons) and the op-

portunities for the application of sealants. The sealing process is 

now a tool to improve the quality of the manufactured products. 

Fig. 3. The predicted sites of porosity in the valve corps cast 

Fig. 4. 
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