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PREFACE 
 

The first (2006) and second International Workshops “Intelligent Technologies in Logistics and Mechatronics 
Systems ITELMS” were held at Riga Technical University. The 3rd international workshop ITELMS'2008 was held at 
Kaunas University of Technology Panevezys Institute on 22 – 23 May, 2008. The international conferences 
ITELMS'2009 – ITELMS'2012 traditionally takes place at Kaunas University of Technology Panevezys Institute. 

The aims of the Conference are to share the latest topical information on the issues of intelligent technologies 
in logistics and mechatronics Systems. The papers in the Proceedings presented the following areas: 
• Intelligent Logistics Systems 
• Multi Criteria Decision Making 
• Composites in Infrastructures  
• Automotive Transport 
• Intelligent applications of solid state physics 
• Intelligent Mechatronics Systems 
• Mechanisms of Transport Means and their Diagnostics 
• Railway Transport 
• Transport Technologies 
• Modern Building Technologies 
 

In the invitations to Conference, sent year before the Conference starts, the instructions how to prepare reports 
and manuscripts provided as well as the deadlines for the reports are indicated. 

A primary goal of Conference is to present the highest quality research results. A key element in attiring goal 
is the evolution and selection procedure developed by the Conference Scientific Committee. 

All papers presented in Conference and published in Proceedings undergo this procedure. Instruction for 
submitting proposals, including requirements and deadlines, are published in Call for Papers in the 
http://en.ktu.lt/content/research/conferences-2012. Paper proposals must contain sufficient information for a trough 
review. All submissions to determine topic areas are directed to appropriate Topic Coordinators. The Topic 
Coordinators review the submissions much them to the expertise according to the interests and forward them to selected 
reviewers. At least two reviewers examine each submission in details. 

Selection of papers for the Conference is highly competitive, so authors should assure their submissions to 
meet all Conference Scientific Committee’s requirements and to be of the highest possible quality. 

All Conference participants prepare manuscripts according to the requirements that make our Proceedings to 
be valuable recourse of new information which allows evaluating investigations of the scientists from different 
countries. 
 
 
 
 

Prof. Z. Bazaras 
Prof. V. Kleiza 

 
 

http://en.ktu.lt/content/research/conferences-2012
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Proceedings of 7th International Conference ITELMS’2012 
 
Modelling of Scheduling Problems in Intelligent Transport Systems in 
Unexpected Cases 
 
I. Alps*, M. Gorobetz**, A. Levchenkov*** 
    
* Riga Technical University, 1, Kalku Str., LV-1658, Riga, Latvia, E-mail: ivars.alps@rtu.lv 
** Riga Technical University, 1, Kalku Str., LV-1658, Riga, Latvia, E-mail: mihails.gorobecs@rtu.lv 
*** Riga Technical University, 1, Kalku Str., LV-1658, Riga, Latvia, E-mail: anatolijs.levcenkovs@rtu.lv 
 
Abstract 
 
This research aims to develop algorithms for intelligent scheduling of safer movement of road and railway transport 
using scheduling theory and evolutionary algorithms for optimization. In this paper, the multi-criteria target function is 
defined for assessment of newly schedules, which is used for schedule optimization by immune and genetic algorithms. 
Algorithms are compared for better performance in searching of optimal solution.  
KEY WORDS: intelligent transport systems, scheduling, genetic algorithms, immune algorithms. 
 
1. Introduction 
 

Nowadays traffic management and organization becomes extremely important due to increase the number of 
transport units and traffic intensity not only in cities but also in the regions. Although the city councils working hard to 
solve many of traffic problems, in reality traffic jam and vehicles collisions are everyday life. No possible to determine 
accurately the collision-related damage, time and energy waste involving to the government and individuals, as no 
possible to determine the economic losses, but that this effect is negative can be stated definitely.  

Accidents on the level crossings take place all over the world. In any country where the railways have, a 
greater or lesser number of road accidents across the railway tracks are happened and the number of deaths and injured 
are dramatic. 

The proposal of this paper is analyze the current transport unit location and motion speed to identifying the 
closest roads and railway vehicles collision probability on intersection points. Next, changing the timetable and thus 
find the optimum speed for vehicles according safety, idle time and new established schedules shifting time criterion. 
 
2. Problem formulation 
 

The purpose of research is to propose a solution for city transport safety improvement tasks using scheduling 
theory and evolutionary algorithms to establish optimal and safe schedules for trains and busses to prevent crashes and 
to reduce the idle time for road transport on level crossings. The purpose of this paper is to present the algorithms for 
the scheduling shifting with following new establishes scheduling evaluation. Existing city transport systems should be 
analyzed and mathematical models and target functions should be developed.  

There are five transport types which may be defined and divided into two groups consisting of the following 
elements: 
• Railway transport group: 
o Electric trains: Mee – electric drive of electric train, Be – braking system of electric train, Ke – control equipment 

of electric train, We – mechanical part of the electric train, He – electric train driver, σ E – schedule of the electric 
train; 

o Diesel trains and diesel locomotives: Mdd – diesel motor of diesel train, Ge – electric generator of diesel train, 
Mde – electrical drive of diesel train, Bd – braking system of diesel train, Kd – control equipment of diesel train, 
Wd – mechanical part of diesel train, Hd – diesel train driver, σ D – schedule of diesel train; 

• Road transport with schedule: 
o Buses: Hb – bus driver, Kb – bus control devices, σ A – schedule  of the bus; 

• Other road transport: 
o Private cars: Hv – car driver, Kv – car control devices; 
o Trucks: Hc – truck driver, Kc - truck control devices; 

• Infrastructure 
o Level crossing: Rp – level crossing control devices (relays), Bp – barrier of level crossing,  Lp – signals of level 

crossing, Rails – Rw; 
It is proposed to add following elements to existing system: 

• Control Centre, which consists of Rvc – transmitter of the control centre, Cvc – main controller of control centre,  
DB – data base of control centre, IA, GA – Immuna algorithm / Genetic algorithm for optimization of transport 
flows; 

mailto:ivars.alps@rtu.lv
mailto:mihails.gorobecs@rtu.lv
mailto:anatolijs.levcenkovs@rtu.lv
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• Additional equipment of each transport unit consisting of SAT – satellite signal receiver; Ri – wireless signal 
transmitter, Ci – embedded anti-collision device, Di – human-machine interface device. 

 

 
Fig. 1. Structure of existing and proposed system elements 
 
 

Thus, each vehicle through the embedded transmitter sends information to the control center for its current 
location and speed. Depending on received signals of the transport unit and according to schedules, database, and 
according to the developed algorithms of the control center the optimal schedule is calculated for every unit for the 
current situation. Result schedule is sent via transmitters and controllers to the transport units and is shown on installed 
displays. 
 
3. Mathematical model  
 
3.1. Target function 
 

To achieve maximum performance of the system the target function is expressed by four main criterions: 
• Q – probability for different transport flow units co-location on the intersection points X in the same time - must be 

minimised – anti-collision criterion; 
• Θ – co-location on the intersection points X of opposite direction rail transport units in the same time - must be 

maximised – simultaneity criterion; 
• TΣ – the motor vehicle total idle time - must be maximised – idle time criterion; 
• Δt – time deviation between existing and new schedule - must be minimised – whole system impact criteria. 

Target function is defined as equation  
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transport means in x points; βαβα ≠
←→

,, i
x

i
x tt  is time intervals of location of units of i-th transport means moving in 

opposite direction in point x. 
Also following parameters are needed for target function calculation: longitude and latitude for all set of road 

and railway transport intersection points },...,,{
21 cp
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),...,;max( 21 kopnkopkopmax QQQQ =  

Step 7. Calculate for each pair train – level crossing >< pu, , 1Uu ∈  and 2Pp ∈ : 

 7.1. The max and min required moving time pu
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 7.2. The max and min required moving time pu
pedmaxt ,

.
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 for last wagon from current location to level crossing 
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Step 8. Calculate average closing and opening time for each train on each level crossing 
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Step 9. Calculate level crossing staying in close position common for two vehicles moving in opposite direction kop
slegtst  
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Step 10. Calculate total level crossing staying in close position common for all vehicles moving in opposite direction Θ: 

∑
=

=
n

i

ikop
slegtstΘ

1
. 

Step 11. Calculate idle time for each road vehicle 
3,2u

dikstt : 

IF  atvers
vid

u
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aizvers
vid ttt ≤≤

3,2

,   THEN  
3,23,2

,
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atvers
vid

u
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3,2
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Step 12. Calculate total idle time for road vehicle ΣT : ∑∑
==

∑ +=
21

11

UU n

i

i
dikst

n

i

i
dikst ttT   s. 

Step 13. Calculate total new established schedules deviation from original t∆ : ∑
=

∆=∆
3

1i

U
sum

i
tt . 

Step 14. Calculate normalized values using equation (2). 
Step 15. Calculate whole target function value using equation (3). 
 
4. Computer experiment 
 

For computer experiment the part of existing city transport system is chosen (Fig. 2). 
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Two experiment groups has been performed 
• Average speed and deviation for buses – normal (40, 10) km/h and for trains – normal (80, 5) km/h 
• Average speed and deviation for buses – normal (40, 15) km/h and for trains – normal (80, 10) km/h 
 

 
Fig. 2. Map of level-crossing in Riga for the computer experiment 
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Solutions have been searched in two schedule deviation intervals: 
• from -5 to +5 minutes to existing schedule 
• from -10 to +10 minutes to existing schedule 

For computer experiment Genetic and Immune algorithm are chosen and 2 experiment series has been done for 
each of two groups and for each of two possible solution intervals (8 series in total). Each series consists of 30 
experiments with 4 defined parameters for each algorithm. Each experiment performed in 6 trials.  

Total amount of experiments are 8×30×6×2 = 2880 experiments. 
For Genetic algorithm following variable parameters are chosen: Population size (10, 20, 30, 40, 50), Non-elite 

size (0,6, 0,8), Mutation rate (0,01, 0,02, 0,04), Variable detecting precision (4, 5). 
For Immune algorithm following variable parameters are chosen: Population size (10, 20, 30, 40, 50), Memory 

size (5, 10), Number of clones (20, 40, 60), Variable detecting precision (4, 5). 
The results of both algorithms computing are presented in Table 1 and Table 2. 

 
 

Table 1 
Computing results of Immune algorithm  

Criterion Average Standard deviation Best 
Target function 0.50972 0.000871 0.48421 

Probability 0.34782 0.000357 0.32409 
Total closing time 574 0.236311 534 

Idle time 108 0.321756 49 
Schedule shifting 23 0.110039 9 
Computing time 172 6.28219 2 

 
 

Table 2 
Computing results of Genetic algorithm 

Criterion Average Standard deviation Best 
Target function 0.51106 0.00055 0.50124 

Probability 0.34857 0.000212 0.34517 
Total closing time 585 0.527156 578 

Idle time 113 0.110023 104 
Schedule shifting 18 0.240424 7 
Computing time 117 7.58397 15 

 
 

Table 3 
Average values and comparison of results by criteria values of target function 

Criteria Group of 
experiments 

Assessment 
of Original 
schedule  

Assessment of 
schedule found by 

Immune 
Algorithm 

Assessment of 
schedule found by 

Genetic 
Algorithm 

Improvement of 
Original schedule 

by Immune 
Algorithm 

Improvement of 
Original schedule 

by Genetic 
Algorithm 

Target 
function 

Group 1 0.52201 0.506687 0.504774 2.94% 3.30% 
Group 2 0.62509 0.603175 0.600707 3.51% 3.90% 

Anti-
collision 

Group 1 0.36657 0.340549 0.342779 7.10% 6.49% 
Group 2 0.65889 0.630429 0.635252 4.32% 3.59% 

Simultane
ity 

Group 1 621 564.6572 569.4604 9.20% 8.43% 
Group 2 623 562.7698 565.2548 9.67% 9.27% 

 
Table 4 

Immune algorithm Z-test evaluating 

Criterion Confidence level Comparison Result 
Target function 99.90% 0.5986 < 0.6916 < 0.5998 H0 confirmed 
Probability 99.90% 0.621 < 0.6589 < 0.6222 H0 confirmed 
Total closing time 99.90% 551.3906 < 623 < 52.9047 H0 confirmed 
Idle time 99.90% 26.1074 < 21.713 < 6.2864 H0 rejected 
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Immune and Genetic algorithms anti-collision 
criterion values

0

0,1

0,2

0,3

0,4

0,5

0,6

0,7

1 2 3 4 5 6 7 8

Original

IA

GA

 

Immune and Genetic algorithms simultaneity 
criterion values

500

520

540

560

580

600

620

640

1 2 3 4 5 6 7 8

Original

IA

GA

 
Fig. 3. Comparison of schedules by anti-collision    

criterion 
Fig. 4. Comparison of schedules by simultaneity criterion 

 
 

Therefore following two hypotheses are run: 
• H01 New established schedule presented by Genetic algorithm is better than original 
• H02 New established schedule presented by Immune algorithm is better than original  

Two alternative hypotheses 
• H11 New established schedule presented by Genetic algorithm is not better than original 
• H12 New established schedule presented by Immune algorithm is not better than original 

Hypotheses are tested by statistical methods. Table 4 presents Z-test evaluation of Immune algorithm. 
The graphical comparison the criterion values for several algorithms new schedules are presented Fig. 3 and 4. 

 
5. Conclusions 
 
• Original schedule anti-collision criterion values are almost equal to new established schedules. 
• New established schedules provide simultaneity criterion values average 8.84% better than original. 
• Immune algorithm finds solution for three criterions better than Genetic algorithm. 
• Genetic algorithm needs 56.417 seconds less CPU time to find solution. 
• Genetic algorithm provides 2min less deviation from original schedule. 
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Abstract 
 
The goal of research – to develop Kaunas city centre communication infrastructure and traffic flow distribution model. 
The project includes the analysis of 8 Kaunas city centre streets traffic flows characteristics and infrastructure. 
Modeling the estimated traffic flow speed by theoretical speed dependencies from traffic volume. In practice, the 
simulated situation can be achieved by adjusting the existing traffic lights work. 
According to simulated speed and researched average speed results, was performed traffic flow delay and time saving 
analysis. Delays were analysed for the four specific times. 
KEY WORDS: flow characteristics, traffic speed, traffic volume, delays, time saving. 
 
1. Introduction 
 
 The transport infrastructure and traffic distribution model of the central part of Kaunas city was based on the 
fact that there are many social attraction centres affecting traffic such as universities, state and private companies, 
cultural objects. Often they have their own parking areas. This is the area with intense public transport traffic and dense 
network of traffic infrastructure.  
 The researched characteristics of traffic are traffic volume and traffic speed. These characteristics are used for 
calculation of other parameters. According to their variation tendencies - traffic control methods can be predicted and 
they may be applied for optimisation of economic and ecological parameters, without compromising traffic connection 
of neither one group of road users. Traffic safety can also be improved [2]. 
 The goal of the research is to create the model of transport infrastructure and traffic distribution - of the part of 
Kaunas city centre and to determine the impact of traffic regulation measures on traffic characteristics and their 
application of economic effect. 
 
2. The Analysed transport system 
 
 The study analyses the traffic flow characteristics and infrastructure of 8 Kaunas city centre streets. The model 
evaluates the traffic volume of separate street sections and traffic flow distribution parameters. The street curve sections 
that affect the vehicle movement dynamics are also estimated. 
 Using the map of Kaunas and Autocad software packet the street-network model is drawn and split into - 
characteristic points and connections. The characteristic points are selected where traffic changes movement speed and 
traffic volume: street intersections, pedestrian crossings and acceleration – deceleration zones. In addition the public 
transport infrastructure is selected where the traffic changes - speed for maneuver of public transport and potentially 
unpredictable behaviour of pedestrians. The parking areas are equally selected, as the traffic changes the speed before 
them.  
 

 
Fig. 1. Characteristic points and connections 

mailto:arminasan@gmail.com
mailto:martynas.starevicius@gmail.com
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Fig. 2. Analyzed street network 
 
3. The methods of research 
 
 The analysis of traffic characteristics of the part of Kaunas city centre streets, according to the research data [1] 
assumed that the traffic is moving in steady state in separate sections of streets. Traffic flow speed is calculated using 3 
the speed by the time dependencies, which are presented in the Emme 2 software package catalogue. The best matching 
dependencies are selected for analysed street network: 

 ( ) ( )( ) 5038.30026618.06210.1602 JSEI
L

V +=  (1) 

 ( ) ( )( ) 4239.40008875.03808.1605 JSEI
L

V +=  (2) 

 ( ) ( )( ) 0906.50014454.09006.06010 JSEI
L

V +=  (3) 

where: L – lenght of section, km; EI – traffic volume, cars/h; JS – number of lanes. 
 The speed dependencies on the traffic volume are presented in Figure 3. 
 

 
Fig. 3. Different types of street speed dependencies by the traffic volume for one lane 
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 Functions assigned for different street types according to the traffic characteristics: 
• V(2) – I. Kanto St., Maironio St., A. Mickevičiaus St.; 
• V(5) – Kęstučio St., K. Donelaičio St., V. Putvinskio St., Vytauto Av.; 
• V(10) – Karaliaus Mindaugo Av. 
 The dependencies are adapted for the created street network model and the traffic flow speed for sections of 
streets is calculated. The estimation results are applied to calculate the time duration for crossing the street sections so 
the traffic control measures can be regulated according to this time duration. 
 
4. Traffic flow modeling 
 
 According to the research data of the part of Kaunas city centre streets [1] – the traffic flow model is created 
for four characteristic times of a work day: 7:30-8:30 (morning rush), 12:30-13:30 (midday time), 17:30-18:30 (evening 
rush) and 21:00-22:00 (night time). 
 The modelled traffic volume for morning rush (7:30-8:30) is presented in Figure 4. The maximum of traffic 
volume of analysed street network is during the evening rush (17:30-18:30). The traffic volume in morning rush  
(7:30-8:30) – is on average 12.12% lower than in evening rush, midday time (12:30-13:3) comparing to evening rush is 
on average 20.17% lower – and night time is (21:00-22:00) on average 57.84% lower than evening rush. All modelled 
traffic flow data is presented in Table 1.  
 

Kęstučio g. 

V. Putvinskio g. 

K. Donelaičio g. 

A. Mickevičiaus g. Maironio g.

I. Kanto g. 

Karaliaus Mindaugo pr. 

Vytauto pr.

 
Fig. 4. Traffic volume on morning rush (7:30-8:30) 
 
 The research [1] data of maximum and average speed for the analysed street network is presented in Figure 5. 
The traffic speed analysis indicates that maximum and average speed in sections are different up to 2.48 times. The 
maximum speed is generally higher than the speed limit except evening rush time. The maximum traffic flow speed is 
determined in – Karalius Mindaugas Av. in night-time (21:00-22:00) – 73 km/h, when the speed limit in that area is 
60 km/h. The maximum traffic flow speed was in the morning rush time (7:30-8:30) – 54 km/h. in – K. Donelaičio St. 
and Kęstučio St. The maximum traffic speed in – Maironio St. and A. Mickevičiaus St. has not reached 50 km/h. due to 
the parking areas, pedestrian areas and two way traffic. The highest average traffic flow speed is reached in – Karalius 
Mindaugas Av. – 35 km/h during the evening rush time (17:30-18:30). The lowest average traffic speed is in – 
Maironio St. – 17 km/h (21:00-22:00) 
 According to the average speeds in all sections the traffic flow delays for four characteristic times of work day 
are calculated (Table 1). Delay is the time interval which is need for vehicle to cross the street section. The results 
indicate that the dependence of delays is directly proportional to the traffic volume, i.e. the increase of traffic volume 
causes – the increase of delays and the lower traffic speed. 
 The analysis reveals that – the traffic light controlled intersections make the highest impact on the traffic 
speed. The traffic volume has not reached the limit of Technical Regulation – 1750 vehicles per hour for one lane [3]. 
According to the research results and presented methods the traffic flow movement has been modelled. On modelling 
the traffic movement it has been assumed that the traffic flow is moving in a steady state at a coordinated traffic lights 
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work. Modelled speeds and average speeds are presented in Figure 5 and modelled delays in Table 1. As the traffic 
volume varies on a small scale in the analysed network, the modelled speeds fluctuate fractionally – during the day in 
the whole network. The highest maximum speed is modelled in Karalius Mindaugas Av. – 66 km/h. The lowest 
maximum speeds are modelled on the intersection of Maironio St. and A. Mickevičiaus St. with a pedestrian area – 
13 km/h during the evening rush time. The modelled speeds are higher than average speeds, but lower than maximum 
speeds. Moreover, they are closer to the speed limit. 
 Having conducted the analysis of the traffic flow speeds, the traffic time savings have been calculated as the 
product of the traffic delay and the traffic volume in a section of the street. 
 

 
Fig. 5. The research data of maximum and average speed (7:30-8:30) 
 

 
Fig. 6. The research data of average speed and modelled speed (7:30-8:30) 
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Table 1 
Traffic flow characteristics 

Street Specific time Current 
delay, min. 

Modelled 
delay, min. 

Change, 
% 

Traffic volume, 
veh./h 

Time saving, 
veh. h. 

Kęstučio St. 

7:30-8:30 2.83 1.78 59 631-823 12.79 
12:30-13:30 2.35 1.78 32 562-776  6.43 
17:30-18:30 2.93 1.78 65 649-908 15.00 
21:00-22:00 2.56 1.78 44 294-379 4.38 

K. Donelaičio St. 

7:30-8:30 3.17 2.16 47 870-935 12.80 
12:30-13:30 3.17 2.16 47 704-872 11.36 
17:30-18:30 4.37 2.16 102 917-1133 32.15 
21:00-22:00 3.36 2.16 56 315-480 7.18 

Karaliaus Mindaugo Av. 

7:30-8:30 3.76 1.78 111 2460 40.59 
12:30-13:30 4.02 1.66 142 2278 44.80 
17:30-18:30 3.22 1.78 81 2726 32.71 
21:00-22:00 3.68 1.66 122 1696 28.55 

Maironio St. 

7:30-8:30 2.00 1.98 1 368-658 -0.08 
12:30-13:30 2.78 1.88 48 324-614 3.54 
17:30-18:30 3.18 2.04 56 436-666 5.41 
21:00-22:00 3.46 1.66 108 144-244 3.02 

A. Mickevičiaus St. 

7:30-8:30 3.34 3.36 -1 608-826 -0.39 
12:30-13:30 3.12 3.26 -4 596-772 -1.02 
17:30-18:30 3.86 4.30 -10 748-1022 -3.82 
21:00-22:00 2.56 2.16 19 246-362 1.07 

V. Putvinskio St. 

7:30-8:30 2.00 1.24 61 608 3.85 
12:30-13:30 2.16 1.24 74 596 4.57 
17:30-18:30 2.50 1.24 102 748 7.85 
21:00-22:00 2.02 1.24 63 246 1.60 

Vytauto Av. 

7:30-8:30 1.02 0.68 50 2770 7.02 
12:30-13:30 0.94 0.68 38 2412 4.74 
17:30-18:30 1.33 0.8 66 3400 14.51 
21:00-22:00 1.10 0.68 62 1384 4.43 

I. Kanto St. 

7:30-8:30 0.34 0.26 31 631 0.84 
12:30-13:30 0.30 0.25 20 482 0.40 
17:30-18:30 0.41 0.26 58 649 1.62 
21:00-22:00 0.34 0.25 36 294 0.44 

 
 The traffic delays would be the lowest if the traffic flow moved by the modelled speed. The highest difference 
of the traffic delay is at the night time (21:00-22:00) – 64.4% lower compared to the current situation. The time saving 
is just 53.2 hours as a result of the low traffic volume. The most time saving is in the evening rush when the traffic 
volume is the highest. Then the traffic delay decreases by 51.1%.  
 
5. The economy of time loss 
 
 The evaluation of economic effect is made comparing the parameters of the current situation with the 
modelling results. The variation of the traffic flow delay is applyed to identify the economic effect (the economy of 
time loss). The price of one vehicle delay is 27.31 Lt [4]. The following parameters are used to evaluate the complete 
economical effect: 
• The economy of time loss; 
• The economy of accidents loss; 
• The economy of maintenance.; 
• Vehicle operating costs; 
• The economy of ecological loss. 
 The data of this research enables to calculate just the economy of time savings. Ensuring the coordinated 
traffic light work is easier in one-way streets, so the economy of time loss is calculated for Kęstučio St. and 
K. Donelaičio St. 
 The evaluation of economic effect is made for twenty-four hours and for a year. The research results [1] and 
the analytical results are just for four characteristic times of a day of one hour duration. It has beeb assumed according 
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to the research [5] that the traffic characteristics are consistent, so it is possible to assess properly the economic effect of 
the twenty four hours. 
 Conforming to the research [5] it is possible to accept such time intervals that correspond to the analytical data. 
The morning rush and the evening rush are the same. Evaluating the economic effect of the day time (8:30-17:30) the 
analytical data of the day time is accepted (12:30-13:30). Evaluating the economic effect of the night time (19:00-7:30) 
the analytical data of the night time is accepted (21:00-22:00). 
 Calculating the economy of time loss, it is assumed that a year has 270 work days on the basis of the data is 
available just for the work day. The evaluation results of economy of time loss for a work day and a year are presented 
in Table 4. 
 

Table 2 
Economy of time saving 

  Whole street network Kęstučio St. K. Donelaičio St. 
Savings per day, Lt/work day 47.237 4.202 7.197 
Savings per year, Lt 12.754.047 1.134.591 1.943.293 

 
6. Conclusions 
 
1. The traffic flow analysis reveals the traffic volume does not exceed the limit of Technical regulation in any streets 

of analysed network – 1750 vehicles per hour for one lane, so there is no need for infrastructure developement and 
capacity of streets can be enhanced by the use of traffic control measures.  

2. The traffic flow distribution models with properly adjusted traffic lights work are created according to the 
theoretical traffic flow movement speed dependencies on the traffic volume. 

3. The research results showed that if the traffic lights work properly adjusted the economy of time loss in analysed 
one-way streets mights exceed 3 million Lt per year and in the whole analysed streets network might reach 12.8 
million Lt per year. 
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Abstract 
 
The article reviews the experience of foreign counties in eco-frienly construction, estimates the impact of building and 
its environment on human health and nature.  It also analyzes the usage of building materials made from renewable raw 
materials in construction, considers the usage of alternative energy resources. The article presents a project carried out 
in Lithuania which has primary objectives to create a waste-free, eco-effective neigbourhood with the least energy 
consumption by using an alternative energetics and affecting the envirment favorably. 
KEY WORDS: eco-friendly construction, passive house, health, sustainable development, energy performance. 
 
1. Green house – the latest trends 
 

More than 75% of your life we spend indoors (at home, at work, at school, in a shop, etc.). Everything around 
us, inevitably makes one or other effects on our health. Increasingly, users raises the question – is the new construction 
house quality, family-friendly, warm and long lasting. Companies themselves are often confronted with the rush in the 
construction business, a constant shortage of skilled workers, increasing the cost of construction, customer needs and 
requirements, the new European Union legislation adopted the legislative database of the Lithuanian. The growth of the 
construction sector as fast are often confronted with the uneconomical activity, the poor quality, the wrong project and 
construction waste management, and elicit new conflicts with housing buyers. So inevitably, between representatives of 
the construction business, and a new dialog in the form of housing buyers to be responsible and environmentally 
friendly construction. 
 

 
Fig. 1. Healthy housing model projects in Germany [8] 
 

The Parties shall appoint, in particular, a lot of the wealthy EU funds for organic construction, since 
calculations show that these efforts will pay off sooner or later. For example, the real estate price in Germany is the fact 
that the building is built from eco-friendly materials, it becomes a sort of "fashion". On the other hand, this fashion in 
this country pay off, because there are plenty tax for homes builders, who build houses from “environmentally 
unfriendly” materials. After the market analysis, the Germans found out that eco-friendly homes customers buy for 
economic benefits: make it easier for banks to issue such home buying loans. Is the target customer group and another. 
This is the health of the young family, they represent around 30% of the market. "Deliberate" motif is environmental 
protection of the buyer group. These buyers carefully collects information about environmentally friendly housing. 
Their reasons have organic building materials producers in Germany. The first group - manufacturers' belief in "a lot of 
emphasis on ecology and often forgetting material functionality. The second group includes large companies, which 
otherwise prevents the market share of the work and the status of the situation in market. Last category includes 
manufacturers of traditional materials. To keep abreast of fashion, they offer an alternative to organic material [4]. 

In Lithuania, fashions of these substances dictate the Ministry of the environment and personal financial 
capacity of clients, because ecological house costs particularly costly. 

In Lithuania, as in other EU countries, for construction can only be used officially chartered building materials 
– Building law so requires. Under the law, the product is suitable for use if it conforms to the requirements laid down in 
the safety of products. Thus, imported item will not be suitable for use solely if on its packaging will be "EU" 
(European Union) notation. 

The transfer of EU requirements for construction products into national law and to ensure that construction 
products, which is not yet a European harmonised standards, safety, Minister of the environment shall be affixed to the 
list of products covered by the building every year. Such is the law, but simply put – the house cannot be built of any 
material, and only after that you can decide whether they will be ecological, or non [12]. 
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2. The building and its environmental effects on health 
 

Constantly growing number of ill people who are allergic and chronic diseases and there fore, becomes 
increasingly more healthy housing theme. The concentration of dangerous substances harmful to health and the newly 
constructed often detected even in dwellings. In addition, structural defects or errors often result in construction works, 
in particular toxic moulds [8]. 

Us runs plenty of exposure to airborne harmful substances. Only few of them have the limit values. In General, 
talking about the various materials compounds toxicity difficult to predictable. 

Pollution may be a dwelling: 
1. physical – the electromagnetic fields of the Earth, the physical-magnetic fields, radioactivity, electro smog; 
2. chemical, biological, organic – formaldehyde, volatile organic compounds, insect eradication measures, fungicides, 

and other poisonous substances which stands out from the various glues, varnishes, solvents, foam, the material 
(substrate, household textiles rises, furniture, floor coverings, etc.), mould spores, fibrous materials (mineral wool, 
asbestos), fire toxins. 

And natural substances may present a risk to health, because that's what naturally is not always acceptable to 
all. For example, natural dyes with natural thinners may cause allergies. Studies show that the oak and beech dusts 
generated by grinding, may cause cancer. And the screw of the raw wood, and are found in formaldehyde and other 
aldehydes, turpentine and natural latex, which may act as allergens. 

At high concentration potential of substances harmful to health disorders: breathing difficulty, air gap, odours 
intolerance, fatigue. These disturbances in the air of dwelling causes a volatile organic compounds, insecticides, tobacco 
smoke, allergens, insecticides in carpeting, products allergens, harmful substances. 

More than the individual substances pollution is threatening their amount. The consequences can occur much 
later: allergies, cancer diseases, and depression. Risk group includes: children, pregnant women, the elderly, sick and 
allergic people. 

Construction law in particular highlighted the hygiene, health and environmental protection criteria. Importers 
unhappy with existing procedures, but over time they notes that entering a substance should be examined. Here's 
England has been found that the single company produces paints is injurious to health. The study of the composition, 
and it appeared in the paint at home living in human disease causes. It appears in those paints was too big quantity of 
lead, precisely because the owners have complained about various health damaged. Similar precedent was Švenčionyse. 
It was noted that one here, the Bank's staff is constantly suffering from similar diseases. Finally, it appeared that health 
problems were a low-quality paint, which was painted in the internal wall of the Bank building [12]. 

The House must be healthy. This means that it must be built in a clean place from natural and clean building 
materials, in the house must be equipped with a healthy air and water supplying engineering system. The quality of the 
living environment of residence means the conditions relating to housing, we live in. It is recommended to investigate 
the plot, all the territory of the bioenergicaly with the construction of the residence of the related issues. Special 
requirements are raise for individual residential homes, because the family settles permanently in dwellings. Human 
Ecology is one of the most important criteria for the evaluation of the housing. 
 
3. Sustainable development and market of ecologic building materials 
 

Already for many years in Austria, Switzerland and Germany sustainable development in the field of 
construction is promoted not only for environmental reasons.  Building, based on the principles of sustainable 
development, is an economic necessity, accepted and supported at the political level. 

Bearing in mind the constantly arising prices of solid fuel and natural gas, saving natural resources, using 
renewable materials (hemp, flax, wool, tree [8]), also energy saving by using the optimum heat insulation, alternative 
heating systems and alternative renewable energy sources (solar energy, geotermic or biomass energy, wood) 
guarantees the economic benefits and paying off in a short period of time. 

According to data of World Watch Institute, building construction uses 40% of the stone, gravel, sand obtained 
globally each year, 25% of wood, 16% of the fresh water, 40% of produced energy and materials. Unhealthy indoor air 
was noticed in 30% of new and modernized buildings world-wide [3]. 

The table below illustrates the comparative performance of eco-efficient technologies for the environmental 
benefits of producing construction materials, energy consumption and carbon dioxide emissions into the atmosphere. 

Calculations showed that thanks to the decreased energy consumption and CO2 emissions, more than 10 tons 
of fuel are saved during the construction of one eco-friendly house [5]. 

Over the past year in Germany, natural building materials increased its part in market by double figures, 
regardless whether it was construction materials from clay, wood or natural insulating material. Professional specialized 
building material traders have increased the current 4% part of market of natural materials up to 15%. So it can be 
forecasted that in Germany there will be the possible growth of about 10 million. m³. 

Input to the market program in Germany (various insulation materials from renewable raw materials, supported 
by the German Federal Ministry of Agriculture) greatly supports the development of building materials market. This 
program made it possible to significantly reduce production and logistics costs. 
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Table 1 
„BAL-TON“ data, Germany 

No. Construction materials Tankis, t/m³ Energy consumption in 
kWh/m³ 

Emphasis or accumulated 
CO2 in kg/m³ 

1 Burnt porous bricks  1,4 630 117 
2 Calcareous sandstone  1,4 350 65 
3 Porous concrete  0,8 600 111 
4 Expanded clay 0,8 425 79 
5 Mineral fibre 0,02-0,14 100–700 74 
6 Polystyrol 0,015-0,03 530–1500 140 
7 Polyurethane 0,03-0,035 1140–1330  
8 Coconut fibre 0,075-0,085 365–405  
9 Solid wood fibre Panel  0,19-0,24 1510–1705  
10 Cellulose fiber  0,04-0,07 110–190 -140 
11 Wood-wool slab 0,4 600 -160 
12 Light clay slab 0,6 25 -170 
13 Straw board  0,4 185 -140 
14 Wool 0,025 25 -31 

 

 
Fig. 2. Supported insulating materials by the material (Germany) [7] 
 

Polluted indoor air and diseases caused by it, decreased working efficiency at work (sick building syndrom 
which causes the decrease of concentration, fatigue and etc.) increase costs of the sickness funds and additional 
expenses to employers. Avoiding of pollution by dangerous substances help to save expenses for health protection and 
wages. At the same time, a careful selection of construction materials and equipment, regarding to possibilities of 
recycling increases a value of real estate. Optimal heat insulation, comprehensive energy concept, including the use of 
alternative energy sources, increases not only the economy of energy usage, but the professional ventilation systems 
guarantee a protection from heat during the summertime also a noise protection. Regarding to these facts, we create a 
more “valuable” real estate when planning buildings (the proof - an energy passport of building). 

"Natureplus" is an international building materials quality mark (www.natureplus.org), granted only to 
construction materials, which meet the highest durability (longevity), the minimum requirements of the environmental 
and health effects. Status investigated and specially labeled natural allergens. 

This quality mark material with the characteristics: 
a) does not harm the environment: 
• environment-friendly raw materials; 
• non-harmful production and distribution; 
• the minimum emission in construction and using; 
• there are no problems to recycle and disposal; 
b) does not harm the health: 
• there is no emission of harmful substances and soluble; 
c) high indicators of the functionality: 
• security (technical permissions, experience); 
• longevity (compliance with standards requirement). 

Insulating material  
from flax Insulation materials  

made of hemp 

Insulation materials 
(grains, grass, wool) 

Results of the programme of introduction of the renewable materials 
into the market of insulating materials 

http://www.natureplus.org)


 25

The distinguishing mark of this quality requirements: at least 85% of the components are from renewable 
sources or mineral origin, building permits and compliance with common EN norms (durability), there are no harmful 
substances to health and the environment, saving of the environment and the production of raw materials, strict control 
of emissions hazardous substances and products in a laboratory, a full declaration of the product ingredients. 
 

 
Fig. 3. "Neutraplus" control procedure 
 
 

 

 
Fig. 4. The international quality label "Naturepus" organizational structure [8] 
 
4. Examples of projects for sustainable development 
 
4.1. Projects in foreign countries 
 

After the industrial and technological innovation in the world's energy crisis has hit, the urgent search for 
alternative energy sources. Solar power has emerged, first ecological houses were build, with a population activities 
have positive effects for the environment. Such houses are designed to generate more energy than they consume. Eco-
housing carefully saving and water: waste water supplies will be cleaned and re-used. The House is considered to be 
like a tree, which produces oxygen, accumulate carbon dioxide, uses solar energy heat, improves the soil condition. In 
addition, live in the dwelling is handy here, there is a good and comfortable indoor climatic conditions, exchange year 
seasons, he is changing along with nature and allows you to feel the natural inhabitant. 

The first ecological houses, using a minimum quantity of energy started to construct in the northern 
hemisphere: climate there is very suitable for such experiments. There was a successful innovation particularly in 
Scandinavia. Today, the Scandinavian countries and Germany is a leader in the creation of eco-settlements. 

Public institution the North town Technology Park together with the "Natureplus"– an international building 
materials mark and “Q3 Lebensqualitaet"– experts and organizations working in the field of sustainable construction 

Natureplus control procedure 

The full declaration by the manufacturer 

The primary controls (Declaration of eligibility criteria) 

The main control (3-parts manufacturing product control: visit to a 
construction place, the life cycle of a review, laboratory analysis) 

Mark the granting of a license 
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and healthy housing network in Germany, introduced the newest trends in the construction of the European Union and 
"certified" mark natureplus building material samples. 

Q3 – Lebensqualität in healthy housing area of the network (www.q3-lebensqualitaet. de) and its partners not 
only in conjunction with research projects, but also applies in practice the results of these projects through the design 
and certification of construction materials, and technologies. 

Project "Building Energy Passport" – construction, with minimal use of harmful substances, of all products, 
structures and Declaration. On 7 November 2002 in Leverkusen opened a health center. The construction firm of this 
center is Bauwens  and the investor – Care estate. This object implements the idea of eco-building passport. In order to 
avoid contamination by dangerous substances, in the building was used for about 7000 m² kairatin ® (Special sheep's 
wool fabric, which helps to absorb odours and hazardous substances, natural stimuli in the room). 

The selection of the products has been carried out, taking into account the health effects of hazardous 
substances, prevention, in collaboration with the designer, Bauhaus University, Institute for the environment and Eco 
Kiolne Raab Karcher building materials company. 
 

 
Fig. 5. Health Centre in Leverkusen [7] 
 
 There was developed the project for Manufacturers of wooden houses “House of consumers who have 
allergies". In order to avoid natural allergens and perfume and get quality mark, kairatin ® material must be used. This 
is the first successfully implemented project Weber House located in Bonn, on 20 July 2002 (Baufritz). 
 

 
Fig. 6. ,,Weber“ House in Bonn [7] 
 

On 13 July 2004 – in Wiurtemberge was built two individual residential homes for people who have allergies, 
by their architectural wishes. Fuldos Environmental Institute ALLÖKH gives for these houses the first certificates. 
 

 
Fig. 7. First “passive” houses for people with allergies [7] 
 
4.2. Projects in Lithuania 
 

In year 2004 public institution “The Centre of ecological coherence” presented the project "Ecopolis" in local 
and international events. 38 residential homes, positively influencing the environment, should arise in Vilnius district, 
on the coast Neris. There will be used environmentally clean materials, ecologically clean technologies, closed cycle 
purification systems and renewable energy sources (wind, solar, geothermal heating). 
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Fig. 8. “EKOPOLIS BALTIS” planning scheme [5] 
 

Ekopolis – several organic home settlement, city, town, which is an integral part of the design, construction 
and operation is based on the principles of sustainable development. 

Ekopolis project reflects Lithuania's National sustainable development strategy priorities: basic industries 
(energy, housing, transport, etc.), reducing the environmental impact, the more efficient use of natural resources, 
reducing the risk to human health, global climate change and its effects of exogenous shocks, better protection of 
biological diversity, better conservation and rational management of the edge of the landscape. 

Special requirements: 
• create architectural decisions, ensuring the high quality human habitats; 
• the preservation of the environment; 
• create the diversity of functional characteristics of the life of the district; 
• operational cycle economy. 

Environmental and energy requirements:  
• a refusal to use processes and energy sources, very polluting the environment;  
• reducing the consumption of fossil fuels;  
• increasing the use of renewable energy sources;  
• improving the quality of indoor climate;  
• energy saving and water recycling;  
• the ecological balance in the activities of people in the place of residence and the partnership, and the maintenance of 

biodiversity conservation; 
• ecologically clean and energy-independent houses, which have the lowest impact on the environment, the 

implementation of construction technology. 
Our generation has already accounted for both non-renewable resources and, in particular, to the extent of 

fossil fuels available – all of the previous generation, and this caused the hyperbolic growth of population, production 
and pollution (CO2 concentration in the atmosphere has increased by 25% over the last 100 years) and both also 
decreased significantly. 

"Ecopolis" program meets the ICLEI (International Council for local environmental initiatives in partnership 
with the UN), which calls for the development and implementation of eco efficiency residential arrangements. This 
organization participates in more than 450 cities, cities of Riga and Tartu between them. 

The design shall take into account the particularities of the local area, offering opportunities to increase the 
environmental structures, comfort and reduce the energy needs of buildings, supply of heat and electricity. The 
orientation of the building shall be selected such that maximise solar radiation heat and light, i.e. the facades and the 
greater part of the glazed surfaces of orientation to the South. Designed buildings will combine three interrelated 
properties: 
• comfort microclimate of rooms; 
• maximum use of natural energy; 
• optimized energy buildings elements uniforminity. 
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These requirements comply with the "passive house", in which the indicators in the EU under the European 
programme targeted CEPHEUS (Cost Efficient Passive Houses as European Standards) – the lowest cost efficient 
passive houses in accordance with EU standards. 

Comfortable indoor climatic conditions are ensured by internal heating system, which is used only as an 
auxiliary heat source, in the “Passive house” [11]. Thermal conductivity must be between 0.10 to 0.15 W/m² K of these 
houses. 

Annual energy consumption for heating for 1 m2 is less than 15 kWh in “Passive house”, equivalent to 
1.5 litres of liquid fuel. 150 m2 “Passive house” needs only 225 litres of liquid fuels for heating. 

The planned performance of these houses: 
• electrical energy savings up to 40% (current level); 
• water saving – 50%;  
• heat energy saving – 90%; 
• improvement of the conditions of the sanitary-hygienic; 
• the use of renewable energy resources. 

"Ekopolis" is a pilot project, which displays how lifestyle changes can reduce the environmental impact of the 
essentially effective and human health [5]. 
 
5. Conclusions 
 
1. Alternative building materials made from renewable raw materials (hemp, flax, wool and tree) and renewable 

energy resources (solar energy, geotermic or biomass energy, wood) are suggested to use in future constructions. A 
building made from such materials will pass the principles of sustainable development. 

2. The article presents comparative indicators which show environmental benefits of ecologically effective technology 
usage in production of building materials regarding to energy consumption and carbon dioxide emissions.  

3. There are given examples how to decrease the negative impact of pollution on the environment and human health. 
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Abstract 
 
This article focuses on the design and application of the intensity modulation PC system which employs two pairs of 
bent-tip optical fibers with a planar reflector for precise non-contact measurements of displacement and position. PC 
system features advanced fiber-optic and electronic technologies, has flexibility to be tailored to specific requirements 
through use of a wide range of interchangeable and custom fiber-optic sensors.  
One fiber optopair sensor contains a set of light transmitting and receiving fibers. Light emitting diode from SMA-5 
connector feeds light thought the transmitting fiber, where it exits the probe fiber tip and hits the target. Light reflected 
from the target-mirror is captured by receiving fiber and transmitted to the photodiode of the other SMA- connector. 
Light intensity is monitored, and appears to be proportional to the distance between the optopair tip and the target. The 
result is very sensitive (SB = 427.18 a.u./µm) and linear output response (SA = 348.82 a.u./µm) from the system.  
System that offers two-fiber optopair sensor or two-fiber receiving sensor automatically compensates for large changes 
in reflectivity of the target. This unique design makes it possible to monitor targets with dynamic reflectance range over 
100/1, and at the same time to maintain high resolution, linearity and accuracy (Ssub = 781.457 a.u./µm) and 
(Sdiv = 334.86 a.u./µm). The PC system with this probe automatically compensates for Sdiv intensity degradation or 
variation of a light source and is immune to electromagnetic interference. It operates on almost any type of surface such 
as metallic, plastic, glass and liquid. 
KEY WORDS: fibers, sensor, PC system, photometric converter, experiment. 
 
1. Introduction 
 

There are many different types of optical fiber sensors that have been widely used today. Most common 
system exploits an intensity modulation scheme. The transducer of an intensity-modulated sensor comprises an intensity 
modulation mechanism, which usually alters the intensity of the transmitted light in response to its transmission, 
reflection, or fiber deformation. In proportion to the magnitude of the measured variables, the intensity of the optical 
signal is modified. Changes in the optical intensity can be monitored by using an optical detector and further decoded in 
to particular values by applying electronic signal processing circuitry. When compared to other types of optical fiber 
sensors, the intensity-modulated sensors exhibit intelligible sensing structures, which include less expensive 
components, and are less sensitive to temperature induced strain due to environmental changes. These systems might 
present several inferior aspects including light source intensity variation, attenuations due to connector misalignments 
and optical losses due to fiber bending or tip surface contamination. However, intensity-modulated sensors those 
operates with effective optical signal compensation schemes and use multiple fibers and optical detectors to create 
output ratio signals [1, 2], achieve good performance in conducting accurate non-contact sensing, are of small size 
(compact) and present with wide dynamic range [3-5]. Such sensing structure can be used in many applications 
including force [6], torque [7], displacement [8, 9], pressure [10], sound [11], and vibration measurement systems [3]. 
In this publication we present a design and operating instructions of the intensity modulation PC system for 
displacement measurement. 
 
2. Experimental design of the sensor system  
 

The basic scheme of a two fiber -optical pair PC system is represented in Fig. 1. A, B are fiber-optical pairs.  
a – sensor displacement measurement equipment; 1, 2 - fiber pair A; 3, 4 - fiber pair B; b – electronics block-photonic 
converter; c – block-wall of photonic converter for fastening sensor active elements-connectors parts with photo 
receivers and light emitting diode, PC. Fiber-optical pairs A, B consist of the light emitting fiber 1, 4 and the light 
receiving fiber 2, 3. Fibers active tips are tightly fastened in a sensor heads 5, 6. The light emitting fiber tips 1, 4 and the 
light receiving fiber tips 2, 3 in each head pair compose the same angleθ. The distance b between the fiber tips 1, 2, and 
4, 3 in the heads is limited only by the cladding diameter of the fiber. Other fiber tips have connectors to fasten it to 
bloc c. The sensor displacement measurement equipment a have the target- mirror 7 which is fastened at a suitable 
distance h on the positioning translator, having displacement indicator ± 0.5 µm. Heads 5, 6 of the fiber-optical pairs A, 
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B are fastened on the individual translators in front of the mirror 7 at distances enabling crossing U-h characteristics of 
the fiber pairs [4] at linear intervals of the ones. Two photodiodes 9, 10 and the LED 8 in the SMA-5 connectors are 
fastened in the block b to support stable temperature for all these elements. The LED is the same for both fiber pairs A 
and B. 
 

 

 
Fig. 1. Experimental set up 
 

Photometric converter b has microprocessor 11, pulsed current LED block 12, current to voltage converters 13 
and 14 for the photodiodes 10 and 9, respectively. LED digital display 15 was used for output signal indication. 
Microprocessor convert signals A'' and B'' to digital form, and present digital signals as (A''-B'')=Sub, (A''+B'')=Sum, n 
Sub/Sum =Div. 
 

 
Fig. 2. Photo of the photometric converter 
 
3. Control of the photometric converter  
 

Photo of the photometric converter is presented in Fig. 2. Front panel buttons are used for device control: 
• „P“ – Parameter/Program – parameters, programming menu recall; 
• ▲ – parameter‘s value increment, next parameter selection; 
• ▼ – parameter‘s value decrement, previous parameter selection; 
• „E“ – Enter/Exit – save parameter‘s value, exit from programming menu, send data to RS232 port 

When device is powered on, it shows firmware version number in two steps: if firmware version is 081288, 
first it shows [v 08] and after that [1230]. After the firmware version displaying is complete, device is ready for normal 
operation and it starts showing relative measured value. By pressing ▲ or ▼, other values could be displayed (details 
will be explained later). 

By pressing button „P“, device will enter into parameter menu and will display parameter name and value. 
Pressing ▲ or ▼, different parameters could be selected. By pressing button „E“, measured value display is recalled. 

To change parameters, press button „P“ once to enter into parameter’s menu. Wait until parameter name and 
value is displayed, press button „P“again and hold until display starts blinking and device enters into programming 
mode. Pressing ▲ or ▼ parameter value could be increased or decreased. By pressing button „E“ selected value is 
saved. Device will leave programming mode and parameter menu is restored. To change another parameter value, use 
▲ or ▼ and „P“again, and to return to measured values display, press „E“. 

Summary of device control (if device initially is in measured values display mode): 
• to select measured value (in [ ] the other option is shown ): 
• ▲[▼]; 
• to change parameter and return to measured value display : 
• P, [▲] [▼], E; 
• to enter into programming mode, change and save value ,  and return  to measured values display: 
• P, [▲] [▼], P (wait until display starts blinking), [▲] [▼], E, E; 
• Measured value abbreviations and their symbolic names, shown on a LED display: 
• „rtc“–Div– relative value. This is a default value, shown by device; 
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• „ADC1“ – an averaged value (A”) measured by first ADC channel ; 
• „ADC2“ – an averaged value (B”) measured by second ADC channel ; 
• „SUM“ – a sum of ADC1 and ADC2 measured values  or ( A”+ B”); 
• „DIFF“– a difference of ADC1 and ADC2 measured value (A”- B”) (Sub). 
• Decimal/hexadecimal display: 
• if value number is within -1999 and 9999 range, it is displayed in a decimal form; 
• If value number is outside this range (lower than -1999 or grater than 9999) display switches to hexadecimal format, 

and HEX LED is switched on. 
Parameters which values could be changed (programmed): 

• „rtc“ –Div coefficient – relative value multiplier. Hexadecimal range 1..FFFF (decimal 1… 65535 accordingly); 
• „GAIN“– ADC input gain selection. Fixed values could be selected: 1,2,4,8,16,32,64,128; 
• „BUFS“– measured ADC values averaging buffer size. Valid values are in the range from 1 to 128; 
• „IrLd“– output IrLED control mode – constant current or pulses. 
• ADC values averaging method: 
• LIFO (Last in First Out) stack is used. All stack values are summed and divided by number of values. Stack size is 

programmable (1...128). 
• Calculation of measured value relativity: 
• „Rtio“–[(ADC1-ADC2)/(ADC1+ADC2)]* rtc – „rtc“( n ) - ratio coefficient – relative value multiplier. Ratio 

coefficient is programmable (Hexadecimal range 1...FFFF, decimal 1... 65535). 
• Data output to RS232 port: 
• While device is in measured values display mode, press button „E“. RS232 LED will blink once and measured 

values ADC1 (A”), ADC2 (B”), SUM (A”+B”), DIFF (Sub), RATIO (Div) will be sent; 
•  RS232 connection data: speed 9600 bps, 8 data bits, no parity control, 1 stop bit, no handshaking; 
• 9 pin NULL modem pin out is used. 
 
4. Results 
 

One fiber optopair probe contains a set of light transmitting and receiving fibers. Experimental data of 
measured and calculated values is presented in Fig. 3. All the measurements were performed as follows: light emitting 
diode from SMA-5 connector feeds light through the transmitting fiber, where it exits the probe fiber tip and hits the 
target. Light reflected from the target is captured by receiving fiber and transmitted to the photodiode of the other SMA-
5 connector. Light intensity is monitored, which is proportional to the distance between the optopair tip and the target-
mirror (Fig. 3, curves 1 (A“), 2 (B”)). If the distance to the target-mirror is too small, no light neither exits nor is 
received by the fiber optopair. Proportional increase in the amount of light received when the distance increases 
between optopair and the target, is shown in Fig 3, curve 2. The result is a very sensitive (SB = dB /dh ═ 427.18 a.u. 
/µm), and a linear output response (52 µm) from the system. When the distance is increased to the point where received 
amount of light approaches the maximum, system reaches its „optical peak“. After optical peak is reached, further 
increase of the distance will cause proportional reduction in amount of light received. These results are sensitive 
(SA = dA”/dh ═ 348.82 a.u. /µm) show linear output response (Fig. 3, curve 1) with a large measurement range and a 
standoff distance. 
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Fig. 3. Dependences of the output signals U on the distance h from the target mirror 7 for the adjusted sensor head 

 (5, 6, Fig.1). Signal of the head 6 is 1-( A''), for the head 2 is (B''), 3- (A''-B''), 4- n(A''-B'')/(A''+B''), 5-(A''+B'') 
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System offers two-fiber optopair probe or two receiving fiber probe that automatically compensate for large 
changes in reflectivity of the target being measured [12]. This unique design makes it possible to monitor targets over a 
dynamic reflectance range of 100/1, maintains high resolution, linearity and accuracy, fig 3, curve 3 (Sdiv =dDiv/dh = 
334.86 a. u. /µm). It automatically compensates for Sdiv intensity degradation or variation of light source and is immune 
to electromagnetic interference. Ssub =dSub/dh =781.457a.u./µm), what approximately is (SB  +SA ) but do not 
automatically compensate for Ssub  intensity degradation or variation of a light source intensity and is not immune to 
electromagnetic interference.  
 
5. Conclusion 
 

PC system presented in this publication feature advanced fiber-optic and electronic technologies for precise 
non-contact measurements of displacement and position. System has flexibility to be tailored to specific requirements 
through the use of a wide range of interchangeable and custom fiber-optic probes: one fiber optopair and two fiber 
optopair sensor. The last probe is immune to electromagnetic interference, intensity degradation or variation of light 
source, and operates on almost any type of surface such as metallic, plastic, glass or liquid. Therefore the system may 
be called as absolute nanodisplacement measurement instrument. 
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Abstract 
 
Results of railway noise measurements on Latvian railway are considered. Comparable analysis of measurement and 
calculation results using EU interim method for railway noise modeling is performed. Problems of measurement and 
calculation result comparison are discussed. Specific cases of braking and impact noise are evaluated. 
KEY WORDS: railway, train, track, noise level, spectrum, octave band. 
 
Introduction 
 
 To fulfill requirements of the directive on environmental noise 2002/49/EC [1], strategic noise map of Riga 
agglomeration was developed in 2008 [2] and will be updated next year. Currently the noise map of Daugavpils 
agglomeration is under development. Noise mapping results had shown that railway noise is one of the major sources of 
environmental noise in Latvia. Yet, the railway noise in Latvia was investigated only as much as it was needed to 
develop the noise maps. Mainly these were noise map verification measurements.    
 Since Latvia does not have national method for railway noise modeling, RMR [3], the recommended interim 
EU method is being used [4]. RMR was originally developed as national method of railway noise modeling in 
Netherlands, but until now the applicability of the RMR method in Latvian railway conditions has not been fully 
evaluated. For noise mapping purposes the method is being used “as is” without any appropriate adaptation. It can be 
expected that due to differences between Latvian trains and tracks and Netherland trains and tracks unacceptably high 
underestimation of railway noise levels can occur while using RMR method. 
 During current research railway noise measurement campaigns were undertaken by author to check the RMR 
methods applicability in Latvian railway conditions. Measurements were performed for all train types used in Latvia at 
different locations, with trains travelling on different tracks and at different speeds. Acceleration, braking and stationary 
noise has also been measured where possible. Main research results are described in [5], therefore in this paper will be 
mostly discussed specific results not included in [5]. 
 
Pass by noise 
 
 Spectrum analysis had shown that measured pass by noise levels of all train types are significantly higher than 
modeled using RMR method in all octave bands. The lowest difference between measured and calculated noise levels is 
in case of relatively smooth track and disc braked passenger diesel trains, which were found to be the most silent. Still, 
using the RMR method for modeling, pass by noise levels were underestimated by about 12 dB(A). The difference 
between measured and calculated pass by noise levels in case of electric trains is about the same 12 dB(A), but on 
smooth track tread braked electric trains are about 5 dB(A) noisier than diesel passenger trains. The noisiest are freight 
trains with calculated pass by noise levels underestimated by about 20 dB(A). [5]  
 The speed dependence trend lines of measured and calculated in CadnaA noise mapping software train pass by 
noise levels in case of relatively smooth jointless track are shown in Fig. 1 and 2 correspondingly. 
 

 
Fig. 1. Measured pass by noise level speed dependence  
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Fig. 2. CadnaA calculated pass by noise level speed dependence 
 
 Very interesting situation occurs when trying to build train pass by noise level speed dependence trendlines 
using CadnaA calculation results. In order to compare the measurement results with calculation results it is important to 
take into account the measurement time, because CadnaA calculates the total equivalent A-weighted noise level in the 
point of reception for as certain period of time. If the measurement time is 6 seconds and CadnaA modeling is for 
12 hours daytime, than number of trains Q in CadnaA is equal to Q = 3600/6·12 = 7200 trains. 
 Trendlines in Fig. 2 were built using measurement times as for Fig. 1. It is very simple to understand that in 
real situation freight trains are longer than other trains, therefore at the same speed it takes longer time for them to pass 
by the point of reception. Even if the noise emission level is the same as for other train types, freight trains acting as the 
noise source for a longer time than other trains, have more impact in the total equivalent noise level. But in case of 
RMR method, not the length, but the number of trains is taken into account and lower number of trains results in lower 
noise levels. That is not correct.  
 This can be better understood from the main mathematical equation used in RMR method for noise emission 
calculations: 
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where a and b are emission coefficients based on the train type; v is average train speed, km/h; v0 is normalizing value 
(1 km/h); Q is traffic intensity, i.e. the number of trains per hour, h-1; Q0 is normalizing value (1 h-1); Ctr is correction 
based on the track type, dB(A), where the value Ctr is 0 at all octave bands in case of jointless rails. 
 Eight pairs of emission coefficients a and b are used in Eq. 1 to calculate the pass by noise spectrum of each 
train type. 

 
Fig. 3. CadnaA calculated pass by noise level speed dependence, equal number of trains 
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 No doubt, that freight trains are louder than other train types. To evaluate difference in CadnaA calculated pass 
by noise levels for different train types, let us consider the equal pass by time of 6 seconds for all trains, Fig. 3. Even 
with such unrealistic pass by time for freight trains, CadnaA calculated noise levels for freight trains are only 1.6 dB(A) 
louder than for electric trains. 
 It is possible to define emission and correction coefficients in Eq. 1 empirically for new train types. 
Unfortunately current version of CadnaA software does not allow updating emission and correction coefficient tables. 
Therefore new emission and correction coefficient tables for Latvian trains and tracks were obtained using numerical 
calculation in MathCad. But differences between MathCad and CadnaA calculations occurred and have to be discussed 
with CadnaA developers before publication. 
 In Fig. 1 are shown pass by noise level speed dependences for non-braking trains on jointless track. Rail joints 
and brake noise can significantly increase total noise level. RMR accounts both, impact noise from rail joins and 
braking noise. Let us consider calculated and measured increase in pass by noise due to rail joints and braking.  
 
Impact noise 
 
 Mainly railway tracks in Latvia are with welded jointless rails, but isolation joints, joints at crossings and 
switches still remain. 
 RMR method provides correction coefficients for track with jointed rails. These correction coefficients were 
obtained empirically for tracks and trains of Netherland railways. On Latvian railway the joint gap between two rails 
can be up to 2 cm wide. Even more important role in noise radiation on joints can play the height difference between 
jointed rails. In Fig. 4 are shown electric train pass by noise spectrums calculated in CadnaA for jointless track and 
track with joints. 
 

 
Fig. 4. CadnaA calculated pass by noise spectrums for track with joints (dark) and jointless track (light) (electric train, 

train speed 60 km/h, pass by time 7.2 s)  
 
 It can be seen in Fig. 4 that main increase of noise levels due to rail joints is at low frequencies with the peak at 
500 Hz octave band. At frequencies up to 1 kHz rails and sleepers found to be dominant noise sources. Noise level 
increase at high frequencies is relatively small. The total noise level is increased by 4.5 dB(A). 
 In Fig. 5 are shown spectrums of electric pass by noise spectrums on relatively smooth jointless track and track 
with joints. In this particular case measured total pass by noise levels exceed calculated by 21.4 dB(A) and 28.6 dB(A) 
for jointless track and track with joints correspondingly. The picture of joint gap between rails is shown in Fig. 6. 
 

 
Fig. 5. Measured pass by noise spectrums for track with joints (dark) and jointless track (light) (electric train, train 

speed 60 km/h, pass by time 7.2 s) 
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Fig. 6. Picture of rail joint gap at the measurement place 
 
 In real situation radiated noise levels increased in all octave bands by 8.2 dB(A) – 12.5 dB(A). The total noise 
level increased by 11.8 dB(A). In presence of such big joint gaps the total noise level might be increased much more 
than is predicted by RMR calculations. 
 
Braking noise 
 
 When train is braking, the total noise level usually increases due to brake system and wheel pair interaction. 
Roughness and corrugation of braking surface cause higher vibration magnitudes of wheels and brake system, which 
therefore radiate more noise. The most annoying can be high intensity brake squeal noise which is strongly tonal. 
 Most often are braking electric trains to stop at many stations on their way. 
 In Fig. 7 are shown calculated in CadnaA noise spectrums of non-braking and braking electric trains. 
 

 
Fig. 7. CadnaA calculated pass by noise spectrums for braking (dark) and non-braking (light) electric train (train speed 

60 km/h, pass by time 7.2 s) 
 
 As it can be expected, noise levels are mainly increased at high frequencies, which are resonant for wheel 
vibrations. The total noise level increased by 4.5 dB(A) as for track with jointed rails. 
 Measurement results shown, that brake noise varies between trains operated by different drivers and depends 
on their professional skill level. In Fig. 8 are shown spectrums of non-braking and braking electric at the same speed of 
60 km/h. It can be seen that in case of “successful” braking there is almost no increase in noise levels. 
 

 
Fig. 8. Measured pass by noise spectrums for braking (dark) and non-braking (light) electric train 
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Fig. 9. Measured electric train braking noise spectrum, 45 km/h 
 
 The “unsuccessful” braking example is shown in Fig. 9. 
 Train driver was braking very fast with high level brake squeal noise at 4 kHz, 8 kHz and 16 kHz (out of RMR 
interest) octave bands, which increased the total noise level by about 10 dB(A). Such braking also leads to increased 
deterioration of the brake system, wheels and rails.In general, when there is no brake squeal, RMR predictions for brake 
noise can be applied in Latvian railway conditions.  
 
Conclusions 
 
 Comparable analysis of measured and calculated using RMR method train pass by noise levels for different 
train types under different operating conditions shown that RMR method is not suitable for application on Latvian 
railway without appropriate adaptation. RMR predicted noise levels are significantly underestimated in all octave 
bands. Based on measurements results, new tables of RMR emission and correction coefficient values can be defined 
for Latvian trains and tracks. 
 It is rather difficult to compare measurement results with calculation results, because the change of train pass 
buy time affects the RMR calculated noise levels, while in real situation it does no matter. 
 RMR predicted increase in train pass by noise levels due to braking in general is suitable for Latvian railway 
conditions, but in case if brake squeal occurs, the total noise level can be considerably underestimated. This is critical 
for noise mapping in train station area. Train drivers have to be trained to brake without squeal. 
 Rail joint impact to the total noise level can be underestimated by RMR calculations in all frequency bands. It 
is essential to reduce the number of rail joints as much as possible. Where rail joins have to remain, the quality (gap 
width and rail height difference) has to be strongly monitored. Where possible special silent joints should be used. 
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Abstract 
 
Mobile robots, which maintain industrial processes, must communicate and exchange information with supervisory 
system. Supervisory system calculates traces of each mobile robot according to the tasks and sends it to each robot 
separately. Each robot must follow its path, because supervisory system has calculated its path according to clearance of 
the robot and its cargo and paths of other robots. Supervisory system solved possible conflict situations, such as path 
overlap and so on. Supervisory system, which solves all mentioned problems and maintains feedback in real time with 
mobile robots, is realized using color Petri nets, in software CentaurusCPN. But there is a problem how to determine the 
actual coordinates of the robot, the mobile robot with the task to be successfully executed. One way is to use the known 
coordinates of the center of gravity of the environment to determine the exact coordinates of mobile robot. 
KEY WORDS: mobile robots, control systems, colour Petri net, simulation. 
 
1. Introduction 
 

One of most important parameter of mobile robot in manufacturing operations is its position in work area. 
Mobile robot moves along given path [1, 2] and prosecutes manufacturing task, solves its autonomous tasks: scans the 
environment in order to avoid suddenly emerged or possible conflicts; follows parameters of the path and, using 
feedback equipment, sends all information to supervisory system. Supervisor must periodically check robots position 
because of possible deviations. Origin of these deviations is from the environment (oil on the ground, extraneous 
things). These deviations call necessity of permanent control of position (localization) of a robot by supervisory or other 
control system. Various systems follow and correct robots coordinates [3], when it moves. Information about these 
coordinates is sent to the supervisory system, which performs control or correction functions.  

There are systems, which follows coordinates of mobile robot (autonomous GPS systems, radio or laser 
beacon, gyroscopes, compass and others). This paper describes method determination of coordinates of mobile robot 
without any additional equipment, just using profile of “seen” environment, got by scanning of the environment, and 
calculating its centre of gravity. Solution of the task may be assigned to the robot, or supervisory system. In order to 
solve localization problem robot and supervisor must interchange information about the profile. 

Let’s suppose, that robot is able to scan the environment, change the angle of the radar and determine the 
distance to the different objects in the shop-floor. When the environment is scanned 3600, the series of the points, 
corresponding prominent polygon vertex, are obtained. This polygon is named as the profile of the environment, if the 
space is two-dimensional. This profile will be finite only then, if the environment is closed, i.e. there are no points, 
which seems to be infinitely far for radar, in the environment. There is no different from which of these points the 
scanning of the environment starts in order to determine the profile of environment and to calculate the centre of 
gravity. The position of the centre of gravity in respect of profile will always be the same. The purpose of the article – 
to determine possibility to find coordinates of the robot, using scanner information about the profile of the figure. 
 
2. Determination of the centre of gravity of known environment, defined by profile 
 

The profile of “visible” environment to the robot depends on the position of the robot. The only exception is 
the case, when the environment is restricted with only contour, which composes prominent polygon (Fig.1.). 

The coordinates (xC and yC) of centre of gravity of the plane figure, described with surface S, in common case 
can be found so [5]: 
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M in these expressions is mass of polygon figure, ),( yxσ  – density. Mass is calculating using expression: 

 ∫∫=
S

yxyxM dd),(σ  (3) 

 
Fig. 1. The profile of “visible” environment changes, when the coordinates of mobile robot changes (points A and B), 

but the centre of gravity C of the figure ENKLM is in the same point, according to the profile 
 

Moving robot sees environment from the changeable position ( )RR yx , . If the coordinates (x', y') of the profile 
is deducting from the position of the robot (radar) (Fig. 1), then the coordinates of profile outline, in immobile system of 
axes (x, y): 

 Rxxx += '      and     Ryyy += '  (4) 

In analyzed case 1== constσ  (density is imaginary). Then, the mass (area) and coordinates of centre of gravity 
of the polygon, which has n vertexes, can be determined using expressions: 
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Let’s suppose, that calculated point of the trace has its attribute, which is composed from the coordinates of the 
centre of gravity and their fluxions of x and y in respect of coordinates. It is possible to compare the coordinates of 
centre of gravity with the coordinates of centre of gravity, which was calculated before, when robot overpass to new 
calculated position scans environment and calculates coordinates of the centre of gravity from the scanning data. The 
differences between expected and actual coordinates of the centre of gravity characterize not only the accuracy of the 
new position, but also the direction (vector) of the path correction. It is obviously, when there are no obstacles – when 
robot moves and if the point of initial robot position will be treated as the start point of the system of axis, the contour 
of the environment border “moves” in respect of robot. The vector of the alteration of coordinates of centre of gravity 
has contrariwise, but is the same length, as real robots shift vector (Fig. 1, AB ). 
 
3. Determination of coordinates of mobile robot, according to the weight centre of environment, defined with 
profile 
 

System of mobile robot navigation uses idea, that supervisory system uses vector marks in order to determine 
paths for several mobile robots and solve emerged conflict situations [1, 4]. Robots perform given path tasks and solve 
local problems, using its scanning equipment. The feedback information must be sent back to the supervisory system, in 
order to avoid possible problems. Supervisory system can change parameters of the path, in order to avoid emerged 
dynamic obstacles or deviations from the given path and detect new path conditions. The reasons of deviations may be 
various. In order to avoid it, various expensive systems of robot tracking, having own problems of functionality, may be 
used. 
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Moving mobile robots have only two tasks: follows coordinates and maintains feedback with supervisory 
system. So there is possibility to solve some other tasks in free time intervals. 

Mobile robots have various additional devices, which can be used for environment scanning. So, robot can 
gather information about environment, which is scanning and at the same time the environment profile can be compared 
to the profile, which is provided from the supervisory system. If the profiles match, the robot lays in the point where it 
should be according to the supervisory system. Problem emerges, when you need to compare information about profile. 
Experimental results showed that there are several restrictions in the determination of the coordinates of mobile robot 
according to the profile. One of the restrictions is requirement to have gyroscope, compass or other additional systems 
(eg. GPS). 

The idea, that determination of the coordinates of mobile robot can be related with centre of gravity of scanned 
known environment, requires theoretical substantiations and experimental verification. 

If mobile robot is in the same coordinates as supervisory system established and the scanning angles is same, 
the centres of gravity of the visible environment in both scanning cases is same. 

The different task is when the coordinates of robot and supervisory system disagree (Fig. 1, points A and B). 
If robot, for casual phenomenon, deviated from the given path and its coordinates changed, the correction of 

the present robot trajectory must be done in order to prosecute task of manufacturing. But robot coordinates are 
unknown, because it will be determinate only after the comparison of both profiles and corresponding calculations. As 
mentioned before, mobile robot does not use all its computer time, so it is possible to assign that task of present 
coordinates determination for it. 

During the process of determination of the centre of gravity, such results are known: supervisory system 
“knows” coordinates, in which mobile robot must be, so the coordinates of determined centre of gravity is known; robot 
determines centre of gravity in its own system of coordinates. The coordinates of mobile robot must be determined from 
environment scanning information. The process of determination will be analyzed in further numerical experiments. 

The task of this paper is to assess the impact coordinates accuracy of profile configuration, and scanner 
settings describing problem solution accuracy and time. Consideration will be given three types of profiles, the method 
to confirm the functionality and accuracy you set parameters influencing the method of operation and transient 
characteristics. Supervisor and robot scanning, the center of gravity and robot's coordinate detection model of organized 
colored Petri nets software package CentaurusCPN looks as follows: 
 

 
Fig. 2. The model used for scanning of the selected profile supervisor and robot positions. The transition 28 has been 

determined by completion of the search condition to achieve the desired accuracy  
 

Profile model of the graphical environment is organized in the SML language function, 
LdrView(Xrob: real, Yrob: real; StrtAngle: real; StepNmbr: int): DotList; 
The function returns the radar profile, i.e., series of points that characterize the lidar beam reflection from the 

obstacle locations. Lidar beam is rotated from StrtAngle angle of 360 degrees. The angle step is 360/StepNmbr. 
Profile points coordinates – relative, concerned to point (Xrob, Yrob). The result of function is a profile of DotList 
color, i.e. list of two real numbers, which characterize coordinates of each point of the profile. The remaining part of 
model implements the supervisor, scanning system of the robot and detection of the robot place. If detection of the robot 
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place is too coarse, the supervisor scans the environment from the point calculated before and repeat all the process 
until the desired accuracy will be achieved. 

Solution of the problem of finding of the coordinates of the robot in such manner, by calculation of position of 
the center of gravity of the profile obtained by scanning environment can be effective only the two following problems 
are solved. These problems are: sufficient accuracy of the representation of the environment by the profile and time 
necessary for the calculations. 

The first one can be solved by choosing an appropriate size of the angle step, during the process of 
environment scanning. The small step value causes to process a large amount of data and large one – represents 
environment very roughly. The angle step must be as small as possible, with respect to processing time as short as 
possible, so that distance on which robot moves, during profile processing, would be negligible. 

The second problem – estimation of influence of the form of profile on accuracy of determination of the 
gravity center of a profile. The supervisor and robot “see” almost the same profile, when this one is a convex polygon 
(Fig. 3). The profiles can differ strongly on other case. Three environments (profiles) (Fig. 3) were selected as test 
objects. 

Another problem is necessary to determine the impact of the environment is scanned profile shape. In other 
studies (unpublished) found that the overall profile should be convex shape, the principal supervisor and the robot can 
see the same profile. What impact has the coordinate detection accuracy of the scanners, you do not deal with because 
the main goal is to demonstrate the method's functionality and reliability of the results obtained, with the possibility to 
use this method for real functioning systems. The survey is conducted under ideal conditions, pass through the robot's 
coordinate accuracy is determined by the absolute error equal to 1 mm, the sum of absolute errors on both coordinates 
of the survey conducted in the robot coordinate deviations of up to several tens of meters, in our case about 14 years. 

Research to select three shapes: square, round and square profile a room with facilities along the borders. 
 

    
Fig. 3. The profiles, scanned by robot (gray background) and supervisor, got in three different environments. In all 

cases the positions of the robot and supervisor do not changes 
 

It is estimated that the robot has an environment targeting equipment (gyroscope, compass, accelerometer and 
so on.). So the beginning of the scan angle coincides with the Supervisor's start scanning. The essence of the method in 
question, that the supervisor and the robot find the center of gravity according to their location. The only difference is 
that the position of Supervisor's is known. Thus, supervisor's set the relative coordinates of the center of gravity, they 
can easily be expressed in real coordinates. Since for a given profile is only one center of gravity, so the robot's center 
of gravity down the relative coordinates of the actual show, but as far away from the center of gravity is located in the 
robot. The method chosen to verify a high degree of accuracy that is total deviation not exceeding 1 mm, the deviation 
from the preset robot coordinates can be up to several tens of meters. 

The study aims to determine how much time may be necessary to determine the coordinates of the selected 
places. This is done by changing the scanning step for scanning larger scanning step distorted profile shape and 
changing center of gravity coordinate accuracy. Thus, the coordinate process of determining the next: 
1. At the beginning, the coordinates of the robot are defined, by the scanning the environment and calculation of the 

centers of gravity both – by supervisor and robot.. 
2. The supervisor “moves” into the point, defined by the coordinates calculated before,  scans the environment again 

and calculate new coordinates. 
3. This procedure is carried out until you reach the required accuracy of the coordinates. 
4. Investigations were carried out discreetly by changing the angle of the scanning step of 1 to 10 degrees. The center 

of gravity calculation is based on calculating the figures scanned area is only 7 degrees scanning angle, gives a 
systematic error, because the 360 does not share in the residue from the this number. 

Investigations were carried out with a personal computer operating system, Windows 7 32-bit, CPU speed is 
2.6 GHz, 4.0 GB of RAM, but there has been no action to restrict the work of other systemic processes, so the recording 
time can be considered as approximate. In the real robot is expected that time will be shorter, however, assessed that the 
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robot will continuously scan the environment, as well as full-time wireless communications function to ensure the 
system supervisor, expect major results in faster processing does not make sense to expect. Since the main objective of 
the study is a method of verification of functionality, so no special regimes and measures restricting the functioning of 
other programs have not been taken. 
 

   
Fig. 4. The first graph shows the evolution of the robot coordinate accuracy, increasing the scanning step and the 

second will show how much wasted time trying to pass through to reach 1 mm accuracy. Scanned profile round 
 

   
Fig. 5. The first graph shows the evolution of the robot coordinate accuracy, increasing the scanning step and the 

second will show how much wasted time trying to pass through to reach 1 mm accuracy. Scanned profile square 
 

   
Fig. 6. The first graph shows the evolution of the robot coordinate accuracy, increasing the scanning step and the 

second will show how much wasted time trying to pass through to reach 1 mm accuracy. Scanned profile with 
equipment on the profile wall 
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The results of investigation clearly showed that the scan angle is very small steps, require a large amount of 
information processing, and evaluation of the robot's information will be required for the movement of the robot during 
the robot's coordinates will vary, so the time spent computing is directly proportional to the traveled path of the robot. 
And this information will be needed correction tracks the movement of the robot as well as possible to avoid conflicts, 
so there is no need to coordinate a very high accuracy, because the pending results of the robot coordinate their position 
will be changed. 

The following information (Table 1) for finding the coordinates obtained only through the determination of 
coordinates of the initial scan results. 
 

Table 1 
 Circle environment Square environment Complex environment 

Time, s Error, m Time, s Error, m Time, s Error, m 
1 21.8 0.0020 28.9 0.0010 22.6 0.0693 
2 6.7 0.0018 6.0 0.0048 8.2 0.1372 
3 3.1 0.0270 3.2 0.0158 3.2 0.2538 
4 1.9 0.0160 2.4 0.0170 2.5 0.9263 
5 1.6 0.0411 1.4 0.0268 1.4 0.5059 
6 1.2 0.0808 1.3 0.0393 1.3 0.8464 
7 1.0 0.1408 1.1 0.0628 1.0 1.1391 
8 0.8 0.0227 0.9 0.0522 0.8 0.5662 
9 0.6 0.2635 0.7 0.0722 0.7 0.0673 

10 0.5 0.1340 0.6 0.0932 0.7 0.8788 
 

The results of the maximum error is if there is a 7 degrees scanning step, the area and confirmed by a computer 
algorithm that scanned the profile is incompletely scanned, and leads to an inaccurate determination of the center of gravity. 

The evaluation of the robot moves and the coordinates obtained values result will surely be changed at the 
time, it makes sense to use only those results that are obtained not longer than one second. Similarly, the determination 
of the coordinates should be more accurate than the robot goes back way before going through the time of calculation. 

In this article, as mentioned, the main task is to determine whether the scanning environment, you can set a 
mobile robot coordinates, while few would pay attention to finding the software to shorten the operation, the calculation 
of the coordinates, so there are opportunities to shorten the duration of the calculation, the results can be used for 
navigation of mobile robots improvements. 
 
4. Conclusions 
 

Method of evaluation of the mobile robot position according to centre of gravity of known environment is 
suggested and verified. Algorithm of coordinate’s evaluation according to the centre of gravity of known environment 
operates reliably if deviation from real coordinates is considerable and if there are several robots in the scanning 
environment.  

Verification of the coordinates should be performed in places, where the direction of the robot movement 
changes and it should be performed frequently. This procedure should be performed by control system of the robot; 
obtained result should be transmitted to supervisory system, which will make corrections of the mobile robot path. 

To detect the mobile robot coordinates is recommended of the maximum largest step the scanning, combining 
the accuracy of calculating the coordinates of the mobile robot's with movement speed and look for more efficient 
methods of calculation, the purpose of shortening the calculation time. 
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Abstract 
 
In a known environment, the robot moves to one potential conflict with the static obstacles and may prevent them once 
described on his movement path, but the dynamic obstacles constantly changing and requires constant synchronization 
with supervision system. For prediction of robots conflicts with dynamic obstacles (other robots), we use simulation 
with program Centaurus CPN. For conflict prediction accuracy of the simulated robot on they is placed protective 
sheath called the “cocoon”. 
KEY WORDS: mobile robots, control systems, color Petri net, robots conflicts, simulation, conflicts prognosis. 
 
1. Introduction 
 
 Mobile robots servicing the manufacturing process, all the time required to communicate with supervision 
system and exchange information with it [1]. Supervision system calculates motion trajectories of mobile robots to carry 
out the required work tasks and provide information to each robot separately [2, 3]. In a known environment, the robot 
moves to one potential conflict with the static obstacles (columns, walls, partitions), i.e. the objects do not change their 
coordinates. These conflicts most effectively addressed through a vector tags [4] and determining the shortest possible 
movement of the robot trajectories of the evaluation dimensions. 
 In the same setting in motion a number of mobile robots, there is the potential of dynamic obstacles, and the 
mobile robot more and more frequent size of the collision risk. In order to avoid collisions must be made in pursuance 
of the rules in advance and choose appropriate solutions. You can steer around an obstacle appears, or skip, pause or 
stop by the adopted rules. Son for a possible collision of several robots at the same time requires more complex rules. 
Collision probability has to be predictable, what can be achieved most effectively by modeling the movement 
trajectories. This is especially effective for CentaurusCPN database developed robotic navigation tool performs all 
calculations of virtual time dealing with conflict situations and able to carry out possible collisions (conflicts) forecast. 
 Each mobile robot moving path to decide their own self-contained tasks: continuously scans the environment 
to avoid unexpected or potential conflicts arise, to move the trajectory of the best and all this information, via the return 
communications, to supervisor. 
 If there is more than one robot, the problem – how to organize robot navigation, in order to avoid collisions 
and their will to the extent of the manufacturing process will require the system to ensure trouble-free production 
process. Such systems are necessary for the successful functioning predict possible collisions and to organize the 
management to avoid them. Robots in conflict situations can be avoided by using the rules [4] or by other means [5], 
but there are others out of problems – how do you predict in advance the possible collision? These solutions can 
facilitate supervision system that can perform virtual-time simulation and make decisions in advance to prevent possible 
conflicts, the use of.  
 
2. Colliding robot case analysis 
 
 Mobile robot navigation system based on the idea that the supervisor using vector tree and responding to 
conflict situations in the model provides the necessary movement runs the entire spectrum of mobile robots [1, 4]. 
 Assume that the robot is moving at these same speeds, and each of them “fit” circle with a radius R. Moving 
robots can be confrontational situation is shown in fig.1. 
 Is the robots have conflicts or not depends on how far each of them away from point C. We will try to 
determine the distances between a to b, differences in the threshold when the robot is facing. From Fig. 1 we can write 
the following two equations 

 δcos2222 bRbRz −+=  (1) 

 γcos2222 aRaRz −+=  (2) 
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Fig.1. Robot A and robot B moves along directed their tracks intersect at C 
 
 From equation 1 with 2 we get 

 δγ cos2cos2 22 bRbaRa −=−  (3) 

 Fig. 1 shows that 

 δcos22)2( 222 bRbRa ⋅−+=  (4) 

 From the third equation is expressed a2 value and inserting into (4), we have 

 0cos2cos2cos22)2( 2 =+−⋅− δγδ bRaRbRR  (5) 

and, in conversion, we obtain that 
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 We have one more equation, which is an estimated robot motion direction. 

 )cos(2)2( 222 αβ −−+= ababR  (7) 

 By inserting a value from equation (6) into equation (7), and after a number of trigonometric transformations 
we get quadratic equation 
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 Robot in contact case the equation (8) can only have a confirmatory root, i.e. equation of the discriminant D 
must be  

 042 =−= nkmD  (12) 

 Of the triangle ABC (Fig. 1) interconnectivity between the angles we have 

 )sin(sin)cos(coscos αβγαβγδ −−−−=  (13) 

 After inserting into (12) equation (9), (10), (11) and in (11) expressions making appropriate transformations, 
we obtain that 

 ( ) 0)4( 222 =−= γγ tgtgRD  (14) 
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 We obtain the solution of the equation has two equal roots when robots contact the 
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 From here we can see that the distances a and b depend on the robot’s radius R, the difference between the 
angles of movement tracks (β − α) and robotic collision angle γ  and  δ. Here we find, as these parameters depend on 
the distance to a hypothetical robot movement point of intersection of routes. Summative these distances is the 
differences distances a and b. 

 baL −=∆  (16) 

 Fig. 2 and 3 shows the evolution ∆L of robot trajectories depending on collision angle, when the rays of the 
two robots, R = 1. 
 In these dependences we can distinguish several characteristic points. When one of the robot intersection angle 
is 0° or 180°, which means that encounters an obstacle to their levels under the direction of movement of the route, 
distances and the difference depends on the robot’s diameter and is equal to it i.e. equal to 2R. 
 

  
Fig. 2. Distance difference ∆L dependence on the angle 

between the movement of the runs. The variations 
limits 10°-110°, evaluating all possible contact 
situations 

Fig. 3. Distance difference ∆L dependence on the 
angle between the movement of the runs. The 
variations limits 190°-290°, evaluating all 
possible contact situations 

 
 We are interested to any angle, what is the maximum distance difference. From Fig. 2 and 3 we can see that 
there are many situations where the difference is zero, this indicates that the two robots, the distance to the center are 
the same, that is, robots are the equivalent positions and a need to give priority to any other solution conditions, all other 
appropriate priority to the robot, the distance to the center is lower. What kinds of limits and how you can vary the 
distances shown in Fig. 4 difference. 
 In this way, if prior to the robots, can detect the distances to the center of the intersecting routes, it could be 
argued that in the known angle between the tracks, where the distance to the intersection point of difference is greater 
than the curve Fig. 4 robots pass each other, but otherwise it will face. It remains only to solve the issue, and how that 
can be carried out, this is a way to predict whether the robot tracks cross. 
 We assume that a real robot have a shell, such that the two robots in contact coatings, there can be decided by 
the avoidance of conflicts. Sheath called the “cocoon”, which is bigger than the same robot. 
 Fig. 5 easily explained by the proposed method using the “cocoons” forecast possible collisions. Robot A and 
robot B (dark background circles of radius R) moving tracks that intersect at point C and the angle between them 
(β − α). Both robots have “cocoons” which is four times higher than the robot (the radius 4R). In the face of “cocoon” A 
robot’s “cocoon” contact angle γ and the distance to the collision point a. B robot “cocoon” contact angle δ and the 
distance to the collision point on b. 
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Fig. 4. The maximum distance difference dependence of the slope angle of movement of the robot’s radius R = 1 
 

  
Fig. 5. Robot which tracks intersects a situation 

where robots come in contact “cocoons”. 
Robot radius R, and “cocoon” size 4R  

Fig. 6. Situation where the real robot with radius R = 1 and 
∆Lmax1 = 2.828, when the angle between the movement 
tracks (β − α) = 90°, ∆L4 is a-b variation at robotic 
“cocoon” four times larger than the robot 

 
 In the example shown in the face of “cocoon” real robots not interfere, it shows the robot moving at fixed 
positions 1-2-3-4. The collision will not be as  

 maxkokonokokono Lab ∆>−  (17) 

where ΔLmax is maximum b-a value of life-size robot. 
 Fig. 6 shows the situation where the lines are tracks α = 0° and β = 90°. We see that there “cocoons” two 
zones, with the distance difference between the hypothetical route to the intersection of the center is less than or equal 
to the distance which the robot’s probable impact. 
 

Table 1 
 Robot 1 Robot 2 

Angle X Y X Y 
30.5 -6.88 0.0 0.0 -4.07 
45.0 -5.65 0.0 0.0 -5.66 
59.5 -4.408 0.0 0.0 -6.90 

210.5 6.88 0.0 0.0 4.07 
225.0 5.65 0.0 0.0 5.66 
239.5 4.048 0.0 0.0 6.90 
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Fig. 7. Zones of the image (β − α) = 90° and ∆Lmax1 = 2.828, and cocoon radius changes from R = 2 to R = 8. Larger 

diameter cocoons zone is narrower 
 
3. Terms of robots to avoid collision 
 
 All conditions can be easily determined relying on Fig. 6 and a data Table 1. As the angle γ is the first robot in 
our case, the first “cocoon” collision angle and the distance to the center of trails is a point of intersection, so a Table 1 
data and allows the passing of all conditions. Understand the principle of a robot tracks such that each robot moves 
along the axis of abscissa, and the other along the ordinate axis, so no longer need to carry out any calculations 
determining the distance to the intersection. Robots are equal rights if the distances are equal, this is a very good view 
of Table 1, when the angle γ = 45°, and the angle δ = 45°, since the angle β − α = 90°. If the angle γ < 45° is the first 
robot’s distance to intersection of the center is larger, and a second lower, suggesting that the second robot is closer to 
the center, so he needs to give priority to, paused or completely stopping the appropriate time in the first robot, and if 
γ > 45° is the first priority to acquire the robot must stop and the second.  
 So the next solution procedure is: knowing the robot size and movement routes are determined as the 
maximum distance difference when the robot is facing. Selected size collision “cocoon”, detected the “cocoons” center 
distance by the intersection of routes found in the difference and if it is more nothing is done, because the robots at 
odds, and if less, according to angle size decided, as previously examined. 
 
4. Conclusions 
 

1. Proposed and tested mobile robot prediction of possible collisions coated robot "cocoons." 
2. Depending on the "cocoons" collision angles and distances to the hypothetical point of intersection of routes, 

compared to the corresponding real robot parameters decided by a single robot to stop somebody over the overtaking 
takes place successfully. 
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Abstract 
 
Fatigue crack growth rate resistance of the steel type 10MnNi2MoVA experimental data various melting methods on 
the air and in the water of high parameters subject to the fatigue cycle skewness are presented. It is shown, that steel this 
type electroslag melting method has higher breakage resistance in comparison with the steel melting in the open-hearth 
furnace explains by sulfide inclusions quantity and form. 
KEY WORDS: fatigue crack, open-hearth furnace, electroslag remelting, fatigue cycle, resistance, Paris equation, 
sulfide, stress ratio, aqueous medium. 
 
1. Introduction 
 
 All constructional materials, which are used in nuclear power engineering, are undergoing to certification. One 
of the important material characteristic is the estimation of its behaviour during the fatigue loadings at the stages of 
breaking initiation and development. This problem became especially actual during initial operation of the nuclear 
power plants with WWER-1000 reactors in the 80th years of the last century. Thus, in the middle of the 80th years 
Southern - Ukrainian nuclear power plant collectors of the steam generators have got damages. To elucidate damage 
mechanisms of the collectors and establishment of the factors gave rise to, in April, 1987 the decision to macrotemplate 
sectioning from the steam generator PGV-1000 collector and its transfer for researches was accepted. 
 
2. Test materials 
 
 Chemical composition, structure and mechanical properties research have shown, that the base metal of the 
collector – steel type 10MnNi2MoVA – quite conditional and satisfies accepted engineering documentation. In the 
damaged area of the collector there are no discontinuity flaws, tears, cracks, impermissible nonmetallic or other 
metallurgical nature defects. Steel type 10MnNi2MoVA has passed complete certification according to the established 
requirements in the nuclear industry, i.e. all characteristics, including low-cycle fatigue resistance at the crack initiation 
and development stages have been determined. Low-cycle fatigue and brittle strength data have been presented in [1, 2]. 
With respect to fatigue crack fracture toughness these data also have been received and submitted in the certification 
report. 
 Preexamination of the macrotemplate has revealed that the main crack initiation and development has 
mechano-chemical fracture mode. It has been established, that the main crack is distributed from the top of the wedge in 
the perforated zone from the side of external collector surface by consecutive slanting bridges destruction. Bridges 
destruction occurs in three stages: crack initiation on the internal perforated aperture surface by the intergranular 
fracture mechanism; then destruction mechanism changed to brittle-ductile transcrystalline with stable jumping crack 
distribution with stops and branching; after critical size reaching the crack loses stability and quickly reaches opposite 
edge of the bridge by the transgranular fracture mechanism. 
 
3. Test results 
 
 Some results according to fatigue failure growth rate resistance of the steel type 10MnNi2MoVA on the air at 
room (20°С) and elevated (275°С) temperatures are submitted below. Experiment has been executed on compact 
tension specimen СТ-1 at the fixed fatigue cycle skewness value (R = 0.1). Results are in Figure 1. At room temperature 
is presented comparison tested melt metal (0,10% С; 0,24% Si; 0,76% Mn; 1,97% Ni; 0, 44% Mo; 0,04% V; 0,010% P; 
0,017% S) with template metal, cutout from a damaged collector 2-nd steam generator of the Southern – Ukrainian 
nulear power station. Apparently from Figure 1 b, fatigue crack growth rate of the damaged collector material is higher. 
 Fatigue crack growth rate of the steel type 10MnNi2MoVA on the air at R=0.1 become formed 
from Paris equation: 

 dl/dN = 3.49·10 
−12 ΔK 2.97            at 20°C  

 dl/dN = 1.70·10 
−11 ΔK 2.56            at 275°C 
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Fig. 1. Fatigue crack growth rate of the steel type 10MnNi2MoVA on the air at room and elevated temperatures. 
 
 As crack development in the collector wall has corrosion-fatigue kind at operation it is represented expedient 
to appraise crack growth rate in the heat carrier environment. Such experiments have been carried out for this steel in 
the high-temperature water environment melted in the open-hearth furnace (the first steam generators PGV-1000 
collectors have been made from this metal) and after electroslag remelting (since 90th years of the last century all 
subsequent steam generators PGV-1000 collectors have been made of electroslag remelting metal). Traced researches 
(sulfuric prints in the plane of destruction) have shown appreciable distinctions open-hearth metal and electroslag 
remelting metal (Figure 2). 
 

 
electroslag remelting  

open-hearth melting 
Fig. 2. Sulfuric prints from the plane of destruction for steel type 10MnNi2MoVA various melting methods. 
 
 As shown in Figure 2 there are a lot of sulphurous prints on the open-hearth melting metal. The form of such 
prints for electroslag remelting metal is round, for the open-hearth melting metal it is extended manganese sulfide MnS 
chains which are presented in Figure 3 at various magnifications. 
 Tests results of the steel type 10MnNi2MoVA various melting methods affected the fatigue crack growth rate 
resistance in the water of high parameters became submitted in Figure 4 at stress ratio R = 0.7. 
 As follows from Figure 4, crack growth rate in open-hearth melting metal is higher, than in electroslag 
remelting metal, this is connected with the form and quantity of sulphide inclusions in open-hearth melting metal. For 
this reason for the steam generators PGV-1000 collectors began to use melts began electroslag remelting steel type 
10MnNi2MoVA. 
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Fig. 3. Manganese sulfide MnS chains in the open-hearth melting steel type 10MnNi2MoVA 
 

 
Fig. 4. Fatigue crack growth rate resistance in the aqueous medium at Т = 270°С, f = 17 mHz and R = 0.7 for steel type 

10MnNi2MoVA open-hearth (■) and electroslag (●) melting methods 
 
 This steel type researches are proceeds. Results of researches on forecasting water structure influence on the 
tendency to slow deformation corrosion cracking steel type 10MnNi2MoVA is of interest, executed in PLC 
«ZNIITMASH» [5]. 
 
4. Conclusions 
 
1. Fatigue crack growth rate of the steel type 10MnNi2MoVA can appreciably change subject to melting method, 

tests and environment temperatures and fatigue cycle skewness value. 
2. Melting method of the steel type 10MnNi2MoVA (open-hearth furnace and electroslag remelting) can have 

significant influence on fatigue failure growth rate resistance in the corrosion environment that is caused by 
distinction in the form and size of nonmetallic inclusions in the metal. 
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Abstract 
 
The computational quantum chemistry helps us to determine, calculate, and study new concepts, compounds, reactions 
and mechanisms. Such way is very useful with compounds that require exceptionally care in their handling, such as 
explosives. Computational quantum chemistry is the ground of molecular modeling, on prediction the behavior of 
individual molecules within a chemical system. The molecular modeling let us to obtain the molecular characteristics 
comparable with experimental date. Also the precise knowledge of vibrational spectra would allow detecting small 
amounts of explosive materials by means of spectroscopic methods.  
The paper presents an investigation results of potential surfaces and vibrational spectra of 2,4,6-trinitrotoluene  
molecule conformers (C1 and Cs symmetry)  by means of ab initio quantum chemical calculations using Gaussian basis 
functions using GAMESS package [2]. Calculations where performed at Hartree-Fock level and with account of 
electron correlation. Personal computers clusters necessary for such investigations were made and SCore parallel 
environment was used [3]. 
KEY WORDS: no empirical molecular calculations, parallel computing, electronic structure, vibrational spectrum. 
 
1. Introduction 
 

Predictable 80 million active landmines are spread around the world in at least 70 countries. Landmines kill or 
harm in the region of 25,000 people each year. Usually this statistics were even more striking after the end of military 
fighting. Global, there is one injured person every 22 minutes. Landmine usage has dramatically increased over the past 
20 years. Mines have been planted to deny access to irrigation channels, roads, waterways, farmlands and public 
utilities. 

The landmines are basically explosive devices that are designed to explode when triggered by pressure or a 
tripwire. These devices are typically found on or below the surface of the ground. The principal function of mines when 
used by armed forces is to disable any person or vehicle that comes into contact with it. When the objective has made 
contact with the mine an explosion is produced and fragments are released at high speeds. Mines are often laid in 
groups. These are called mine fields, and are designed to avoid the enemy from passing through a certain area. 
Sometimes they are used to force an enemy to path through a specific area. The explosives more used in the elaboration 
of mines are: trinitrotoluene (TNT), Hexahydro-1,3,5-trinitro-s-triazine (RDX), dinitrotoluene (DNT) and PETN. 

The TNT, an inexpensive high explosive is a component of fifteen explosive compositions [4]. Mixtures of 
high explosives are also commonly used. For example, TNT and DNT are widely used in industrial explosives 
containing ammonium nitrate. The most commonly explosive used in landmines is also TNT. Almost 80% of all types 
of mines manufactured worldwide contain TNT, or mixtures of explosives containing TNT. It is estimated that mines 
containing TNT constitute about 85% of the total number of landmines manufactured and now deployed. The mass of 
TNT contained in these mines ranges from as little as 7 grams in a Canadian-manufactured C3A1 antipersonnel (AP) 
mine to as much as 13 kilograms in an Egyptian FBM anti-tank (AT) mine. Of the mine types that contain TNT, 
approximately 86% contain at least 50 grams of TNT [4]. 

Homeland protection applications are attracting enlarged research, because terrorists frequently use 
conventional explosive bombs. The TNT is the most widely used explosive owing to some of its properties. For 
example it has a low melting point, its chemically and thermally stable, has a low sensitivity to impact, friction, and 
high temperature, and its manufacturing methods are very safe. Although it is basically a stable compound, it is highly 
photo reactive [5]. 

The low volatility of TNT and other explosives makes solid-state detection an attractive alternative to vapor 
detection. Surface detection of trace particles is important in forensic investigations for identifying unexploded residue 
subsequent to detonation. It is also known that explosive particles contaminate clothing and materials during 
preparation and packaging of explosive devices. 

There are various methods of explosives detection currently available. Many simple techniques are often 
inefficient. Metal detectors, which are commonly used for explosives sensing, are limited to devices packaged in metal. 
The use of canine detectors is expensive because dogs require care and are easily exhausted. 

The explosives are not naturally occurring materials. It is possible that they provide the most unique signatures 
of a landmine. As a result, there has been considerable effort toward the detection of explosives in neat or explosive 
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vapors. Detection of explosives at the molecular level can potentially employ a wide variety of analytical techniques. In 
order to assess the viability of such techniques and design of viable detection systems, molecular properties and 
spectroscopic signatures of the target molecule are needed.  

For these investigations was chosen explosive molecule such as 2,4,6-trinitrotoluene (C7H5N3O6). The 2,4,6-
TNT – the most common nitro aromatic compound used to charge landmines and some of its physical constants, and 
can exist as conformers or different isomers such as: 2,3,4-, 2,4,5-, 2,4,6-and 2,5,6-TNT. Consequently, it is necessary 
to employ the theoretical methods to find the geometric and electronic structure of these materials to know their 
properties that help us to create tools for explosive detection. This work presents the results obtained for the lower 
energy conformers of 2,4,6-TNT with C1and Cs symmetry.  

The frequency calculations performed for the different basis sets with the intention to obtain the spectroscopic 
signature of the explosive molecules. The theoretical frequencies for 2,4,6-TNT (Cs and C1) was obtained. This work 
present the vibrational frequencies of the most stable geometry observed. These frequencies have to be real, or positive 
to consider that the geometry reach a minimum. 
 
2. Geometry optimization calculation 
 

The explosives are usually known as molecules having nitro groups. Moreover, for any explosive are important 
the thermal decomposition mechanisms and resultant products, since they play a major role in predicting the feasibility 
of large-scale synthesis, the long-term stability for the purpose of storage and the sensitivity to various stimuli.  

Computational quantum chemistry is the ground of molecular modeling, on prediction the behavior of 
individual molecules within a chemical system. The basis of molecular modeling investigations is quantum mechanics, 
but in order to achieve quantitative results comparable with experimental we need supercomputer’s power or parallel 
computers cluster. Such way is very useful with explosive materials that require exceptionally care in their 
management. 

The General Atomic and Molecular Electronic Structure System (GAMESS) computer code was used as the 
calculation tool. Calculations for full geometry optimization was performed for the 2,4,6-TNT molecule with Cs and C1 
symmetry in Hartree-Fock (HF) and in multi-configurationally self-consistent field (MCSCF) approximations. 
Theoretical investigations were performed by means of ab initio quantum mechanical methods using GAMESS 
computer code in the Linux OS. The structures of investigated molecules are presented with the numbered atoms in 
Figure 1. 

  
a b 

Fig. 1. The molecular structure of 2,4,6-trinitrotoluene - C7H5N3O6: a – the Molekel graphical visualization of TNT;  
b – schematically idea of TNT. The X means the nitrogen or hydrogen atoms, Y-the oxygen atoms 

 
3. Geometries of 2,4,6-TNT conformers 
 

Full geometry optimization was performed for trinitrotoluene molecule in Hartree-Fock approximations. The 
basis sets used during investigations were 6-311 G** (with two polarization d functions on second period elements) plus 
one f function on second period atoms  (all in all 770 basis functions). The basis functions used are necessary in order to 
achieve reliable results in such investigations. One of the limitations of HF calculations is that they do not include 
electron correlation. This means that HF takes into account the average affect of electron repulsion, but not the explicit 
electron-electron interaction.  

The multi-configurational self-consistent field in addition was used in this investigations to generate 
qualitatively correct reference states of molecules. It uses a linear combination of configuration state functions (CSF) or 
configuration determinants to approximate the exact electronic wave function of an atom or molecule. In the MCSCF 
calculation, the set of coefficients of both the CSFs or determinants and the basis functions in the molecular orbitals are 
varied to obtain the total electronic wave function with the lowest possible energy. This method can be considered a 
combination between configuration interaction (where the molecular orbitals are not varied but the expansion of the 
wave function) and Hartree–Fock (where there is only one determinant but the molecular orbitals are varied). 
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 During multiconfigurational self consistent field (MCSCF) calculations performed for trinitrotoluene was left 
unfrozen 10 highest occupied MO and 10 lowest unoccupied MO from Hartree-Fock Slater determinant. All 
configurations generated from unfrozen MOs with spin projection zero were included in MCSCF procedure. We had 
more than 65 000 configurations. All unfrozen MOs are π orbitales of benzene ring and NO2 groups. 

Molecular symmetry is a fundamental concept in chemistry, as it can predict or explain many of a molecule's 
chemical properties, such as its dipole moment and its allowed spectroscopic transitions. Throughout investigation, the 
C1 and Cs symmetry point group of the molecule was assumed. There was calculated all structural parameters (bond 
lengths, angles, and dihedral angles) of the 2,4,6-trinitrotoluene conformers. The parameters were obtained with the 
increasing of the basis sets from 6-31G*(1d) to 6-311G**(2d+1f).  

Table 1 shows the HF and MCSCF calculated bond lengths of the Cs conformer and the value of bond lengths 
obtained experimentally for the orthorhombic and monoclinic crystal structure of TNT [6]. The bond lengths for Cs 
conformers in both methods were in good agreement with the experimental result, except the C-H bond lengths that 
were overestimate about 11 %. The HF/6-311G**(2d+1f) calculations for all the N-O bond lengths was within 2% of the 
experimental result by experimental values for both crystal structures. The MCSCF/ 6-31G*calculations for all the N-O 
bond lengths was within 1% of the experimental result. 
 

Table 1 
Bond lengths of the 2,4,6-trinitrotoluene (Cs) calculated and experimental [6] 

Bond (Å) HF (Cs) MCSCF(Cs) Exp.[6] 
6-311G**(2d+1f) 6-31G* Mono  Orto  

C1-C2 1.410 1.406 1.399 1.401 
C2-C3 1.382 1.389 1.386 1.367 
C3-C4 1.373 1.375 1.372 1.386 
C4-C5 1.371 1.379 1.375 1.366 
C5-C6 1.383 1.390 1.382 1.394 
C1-C6 1.410 1.406 1.384 1.383 
C1-C7 1.511 1.515 1.510 1.500 
<CC> 1.406 1.409 1.401 1.400 
C7-H8 1.080 1.080 0.989 1.002 
C7-H9 1.080 1.080 0.985 0.914 

C7-H10 1.080 1.080 0.898 0.918 
C3-X2 1.068 1.067 0.978 0.933 
C5-X4 1.068 1.066 0.967 1.029 
<CH> 1.075 1.075 0.963 0.959 
C2-X1 1.474 1.474 1.474 1.471 
C4-X3 1.456 1.456 1.470 1.465 
C6-X5 1.482 1.482 1.483 1.475 
<CN> 1.471 1.471 1.476 1.470 
X1-Y1 1.191 1.205 1.228 1.219 
X1-Y2 1.191 1.205 1.215 1.226 
X3-Y5 1.191 1.204 1.216 1.240 
X3-Y6 1.191 1.204 1.212 1.210 
X5-Y9 1.191 1.205 1.215 1.240 

X5-Y10 1.191 1.205 1.208 1.117 
<NO> 1.191 1.205 1.216 1.218 
Energy -881.432 -881.491 - - 

 
The 2,4,6-TNT conformer with the C1 symmetry optimization was performed using HF and MCSCF 

approximations. The theoretical prediction of the bond lengths for C1 conformers (Table 2) in both methods and all 
basis sets were within 1.5 % of the experimental result, except the C-H bond lengths that were overestimate by 2.0 to 
16%. The MCSCF calculations showed that all the N-O bond lengths were within about 1-1.5 % of the experimental 
result. 

The labeling of the atoms in tables is consistent with the labeling model shown in figure 1. The optimized 
geometries for the TNT conformers with Cs and C1 symmetry have showed different deformations of the phenyl ring 
and distortions of the internal rotation of the nitro and methyl groups.  
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The energy calculations obtained using different methods with the family of basis sets from the 6-31G*(1d) to 
6-311G**(2d+1f) for the two conformers (Cs and C1) indicates that the Cs conformer is lower in energy than the C1 
conformer. The stability of Cs structures is also confirmed by others scientists [6, 7].  

Even with such comparatively small cluster TAURAS we can perform all necessary computations at 
Hartree-Fock level and some necessary computations at MCSCF. It can be stated that created PC’s cluster allows 
solving of modern quantum chemical problems at necessary level. 
 

Table 2 
Bond lengths of the 2,4,6-trinitrotoluene (C1) calculated and experimental [6] 

Bond (Å) HF (C1) MCSCF(C1) Exp.[6] 
6-311G**(2d+1f) 6-31G* Mono  Orto  

C1-C2 1.409 1.408 1.396 1.409 
C2-C3 1.385 1.377 1.381 1.378 
C3-C4 1.370 1.369 1.372 1.379 
C4-C5 1.372 1.366 1.380 1.358 
C5-C6 1.380 1.382 1.384 1.403 
C1-C6 1.412 1.406 1.394 1.385 
C1-C7 1.518 1.515 1.502 1.524 
<CC> 1.407 1.403 1.401 1.405 
C7-H8 1.066 1.066 0.983 0.960 
C7-H9 1.080 1.080 0.949 1.103 
C7-H10 1.080 1.080 0.940 0.960 
C3-X2 1.068 1.066 1.002 0.964 
C5-X4 1.068 1.066 0.967 1.006 
<CH> 1.072 1.072 0.968 1.019 
C2-X1 1.474 1.480 1.478 1.475 
C4-X3 1.463 1.461 1.462 1.463 
C6-X5 1.480 1.482 1.475 1.466 
<CN> 1.472 1.474 1.472 1.468 
X1-Y1 1.190 1.183 1.219 1.198 
X1-Y2 1.193 1.185 1.214 1.231 
X3-Y5 1.191 1.184 1.219 1.199 
X3-Y6 1.191 1.185 1.227 1.222 
X5-Y9 1.192 1.186 1.218 1.222 
X5-Y10 1.190 1.183 1.214 1.214 
<NO> 1.191 1.184 1.219 1.214 
Energy -881.336 -881.423 - - 

 
4. Vibrational spectra calculations 
 

Infrared spectroscopy is a technique based on the vibrations of the atoms in molecules. An infrared spectrum is 
commonly obtained by passing infrared radiation through a sample and determining what fraction of the incident 
radiation is absorbed at a particular energy. The energy at which any peak in an absorption spectrum appears 
corresponds to the frequency of a vibration of a part of a sample molecule. IR absorption information is generally 
presented in the form of a spectrum with wavelength or wave number as the x-axis and absorption intensity as the  
y-axis. Vibrational frequencies depend on interactions between atoms and groups of atoms. They tell us about intra- and 
intermolecular interactions. Vibrational modes vary with the nature of atoms in the bond and chemical environment. 
They give us information about chemical bonding and the chemical environment. Many bond types exhibit 
characteristic (“fingerprint”) vibrational frequencies that allow us to establish the presence of certain functional groups, 
or products in a catalytic reaction. 

Vibrational frequencies for the two lower-energy conformers were estimated through theoretical analysis. 
Vibrational frequencies and IR intensities were calculated using HF approximation with the family of basis sets from  
6-31G*(1d) to 6-311G**(2d+1f) and MCSCF/6-31G*, for the Cs and C1 conformers. 

The calculated frequencies were compared with the experimental frequencies obtained of a TNT crystal in the 
table 3. In this table, we observed a small difference between the symmetric and asymmetric frequencies value as well 
as the differences in the vibrational mode of the nitro group for Cs and C1 conformers of TNT. 
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Table 3 
The most significant intensities of IR vibrational frequencies (forms) calculated in the MCSCF  

approximation in the 6-31G* basis for TNT conformers (C1 and Cs) and experimental results [6] 

Cs 
Freq.cm -1 IR int. C1 

Freq.cm-1 IR int. IR 
Exp. [6] Vibrational form 

1229 11 1231 9 1200 NO2, CN bond stretching and benzene 
ring in the molecule plane deformations 

1402 338 1390 340 1350 NO2, CN bond stretching and benzene ring in the 
molecule plane deformations 

1590 199 1599 186 1533 NO2, benzene ring deformations 

1601 371 1605 133 1545 NO2, CN bond stretching and benzene ring in the 
molecule plane deformations 

1624 14 1638 323 1551 NO2, CN bond stretching  and benzene ring in the 
molecule plane deformations 

1666 140 1651 89 1617 NO2, benzene ring in the molecule plane deformations 
3066 1 3060 5 2882 CH3  group stretching vibrations 
3115 3 3122 7 2919 CH3  group stretching vibrations 
3157 4 3172 3 2956 CH3  group stretching vibrations 
3267 30 3267 22 3098 CH  and  CH3 valence angle deformations 

 
The MCSCF /6-31* level of theory appears to give the good imitation of the experimental spectra. The 

theoretical spectra help us to assign the vibrations bands of experimental one. Figure 2 shows a comparison of the 
calculated infrared spectra performed with MCSCF approximation using the 6-31G* basis sets, for the two 
2, 4, 6, − trinitrotoluene conformers (Cs, C1) and also the experimental data. The visualization of calculation results, 
achieved by the cluster, was done by the MOLDEN application program.  
 

 
Fig. 2. Experimental (c) infrared spectrum of neat 2,4,6,-TNT in range of 500-3500 cm-1 and  calculated IR vibrations 

of 2,4,6,-TNT conformers in the MCSCF/6-31G*: (a) Cs symmetry; (b) C1 symmetry 
 

We found that, the spectra of the two conformers, in the region below 1250 cm-1 do not change significantly 
when the basis set was varied. On the other hand, a noticeable change was in the region above 1250 cm -1 when we vary 
the basis sets. In this region we twigged a shift in the nitro group, the phenyl ring and the methyl group bands.  

The frequency shift in the symmetric nitro group was in the 1402-1425 cm-1 range for 6-31G* and in the 1310-
1390 cm-1 range the shift was for 6-311G** basis set. The shift in frequency for the asymmetric nitro group was in the 
1620-1680 cm-1 range for 6-31G* and for the 1565-1630 cm-1 range for 6-311G** basis sets. The shifts for the phenyl 
ring deformation was in the 1680-1710 cm-1 range for 6-31G* and for the 1630- 1680 cm-1 for 6-311G** basis sets. For 
the methyl group the shift in the vibrational frequencies were in the 3250-3350 cm-1 range for 6-31G* and for 6-311G** 
basis sets the frequency sifts were in the 3190-3250 cm-1range. 

The vibrational bands for the two conformations (Cs, C1) were very similar, only were detected the changes in 
the vibrational mode of the methyl and nitro group frequencies. The found differences in the vibrational bands can be 
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assigned to the variation in the structure of the two conformers as well as the dissimilar contributions of the nitro and 
methyl group to the normal mode.  

The calculated infrared spectra in the 1250-1700 cm-1 range are in low agreement with the experimental 
spectra, because we can’t to predict the correct position of the nitro groups, the methyl group and the phenyl ring bands. 
The IR spectra in the 2700-3500 cm-1 range show the C-H stretching of methyl group and the phenyl ring bands. In the 
table 4 the assignments of the bands are summarized. 
 
5. Conclusions 
 

Calculations of conformers of explosives molecules at Hartree-Fock level show the influence of NO2 groups to 
electronic structure and confirm the above theoretical prediction that the NO2 groups influence the explosive molecule 
energy. The results of this study provide valuably information in the field of aromatic nitro compounds and let us 
foresee that cluster TAURAS allows solving of modern quantum chemical problems at necessary Hartree-Fock level. 

Therefore, the calculations of 2,4,6-trinitrotoluene conformers by MCSCF method showed significant change 
of vibrational spectrum characteristics from those calculated at Hartree-Fock level. Achieved results with increasing the 
calculations can help us better understand for whom belongs: the benzene ring and NO2 group deformations, the 
frequencies of NO2 group and CH bonds stretching vibrations. This information is important for detection and allows 
more detail interpretation of experimental vibrational spectra of investigated molecules and more accurate investigation 
of thermo chemical reactions dynamics. 

The performed theoretical analysis of the molecular structures of conformers let to evaluate the stability of 
these molecules. The energy calculations obtained using different methods with the family of basis sets for the two TNT 
conformers (Cs and C1) indicate that the Cs conformer is lower in energy than the C1 conformer.  

The electronic structure calculations provide useful estimates of the energetic properties of chemical systems, 
including preferred molecular structures, spectroscopic features and probable reaction paths. This review of some 
current electronic structure calculations has concentrated on discussion of ab initio techniques, as these are the most 
accurate and, in principle, universal methods. 

Rapid advances in computer technology are making computationally expensive ab initio methods increasingly 
more practical for use with realistic chemical systems. In particular, cheaper methods such as density functional 
calculations and‚ layered models are continually being refined, and show promise of providing consistent and accurate 
chemical predictions for most complex systems.  
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Abstract 
 
The computer-assisted testing is widely used in various fields of learning. However, the systems used for educational 
opportunities and limitations of technical operability, compatibility and security issues limit the use of e-learning. The 
discussions about learning management systems and reusable learning objects primarily focus on technical 
standardization issues. Educational questions, such as how standardized learning items can be used to show learners 
through a number of learning experiences towards improved levels of knowledge and competency, are ignored. In 
addition, there are demanding principles and the complication of processes, subsystems, and functions in learning 
systems will make the implementation of principles demanding. The technical aspect is that mainly the structuring of 
digital content, its transfer between subsystems of the technical subdivision of learning systems, the delivery, 
arrangement and sequencing of content to the learner, and the electronic measurement of learning results.  
The paper discusses the framework of Test Tool freely linked component architecture, which facilitates rapid system 
development and optimization according to specific objectives, tasks, or educational requirements. 
KEY WORDS: distance learning courses, multidimensional database, test program. 
 
1. Introduction 
 

Testing is associated with the learning progress. This method is used in distance learning, universities and 
other institutions to track student progress – is a generalized testing. There are other types of testing, the testing of the 
formation, when the student wants to test their knowledge and learning progress. In whichever case, testing related to 
formal learning area where students have clearly defined learning objectives under which they are measured and 
measure themselves by themselves [2]. 

The importance of formal learning environments testing and the difficulties faced by teachers in assessing 
students testing by computer (computer assisted assessment) became an active research area for many years. Online 
training system offers easy access to the computer assisted assessment server at any time and anywhere. The computer 
assisted assessment system is self-generated and custom code is closed. The code belongs to owner systems. 
Educational institutions can choose between a monolithic commercial offers, or create own customized according to 
someone else's custom-designed testing systems.  

The pedagogical institutions in frequently are developing own testing systems, providing the desired options 
and meeting the needs of the organization more productive and more efficient than using commercial products [4]. 
Nevertheless, the different requirements of the systems and the limited funding are making a big influence to results.  
Typically, such systems do not meet the requirements of satisfaction and can not be widely used.  

The Lithuanian military academy personal has a big potential to solve learning problems. The requirements for 
military and public specialists regularly are the same, only in activity are disagreements as inside as in outside.  This 
takes possibility to organize military and academic research interconnection, also to achieve better results. Such type 
interaction must take the possibility to use the academic ground to solve military problems in the future in military 
practice [1, 2, 3, 4].  

The nowadays classroom needs to be as various as its students' needs. The distance learning courses make 
available flexibility for the instructor and learners to meet key program outcomes related to nationality and academic 
achievement. The courses can be designed with the latest interactive instructional strategies to maximize student 
engagement and learning. The online learning for students and for teachers is one of the fastest growing trends in 
educational uses of technology. In many online distance learning courses, the interaction between the teacher and 
students takes place asynchronously; that is, the communication does not take place simultaneously. A teacher may post 
a discussion question at her convenient time and students may respond to that question at various times. In some 
courses, students are asked to respond within a specified period so that they will all be focusing on the same topic at the 
same time.  

Because online distance learning can take place anytime and anywhere, it offers a number of advantages for 
students and teachers [7]. Students can take specialized courses that their districts might not otherwise be able to offer. 
School districts can pool their resources, making it possible for them to afford to offer specialized courses. For teachers 
and prospective teachers, distance learning makes it possible to take professional development and licensure preparation 
courses at the times most convenient for them. Taking an online course may also be less expensive than traveling to a 
class in a distant location. 

mailto:svajone.bekesiene@mil.lt
mailto:vytautas.kleiza@ktu.lt


 59

Although distance learning offers many advantages, there are also significant challenges. Distance learning 
may not be effective for some learners, because it tends to require a high degree of self-motivation, as well as an ability 
to communicate effectively through reading and writing. Even learners who possess those qualities may have difficulty 
if they underestimate the amount of time an online course may take. Moreover, many learners may find an online course 
frustrating if it is poorly designed or if the instructor is inexperienced. 
 
2. The characteristics of effective distance learning 
 

The demand for online courses grows and officials need to know what to look for as they consider distance 
learning options for cadets. From the time when the Lithuanian military academy approves online courses, it is 
important to each department area to decide if it will allow cadets to take online courses and determine which of them 
can take online courses, and evaluate the available online course offerings. The following recommended criteria can be 
used by areas in making those decisions [5].  

Over the years, a good deal has been learned about the characteristics of effective distance learning programs. 
It should be noted that there is overlap between DL and traditional training in terms of effective design and 
development principles. For this reason, many authors emphasize that the first step in course conversion to a distance 
format is to evaluate the existing training. Instruction that learning environment and course materials can be made 
accessible with accommodations. The software used to access the course operates on any type of computer, and does 
not necessitate an extreme amount of memory or processing speed. Few assumptions are discussed below in the table 1. 
 

Table 1 
Presumption and reality of distance learning 

Presumption Reality 
1. Media influences learning There is little evidence that some media are better than others for 

delivering instruction. Rather, the quality is determined by the 
instructional methods employed. 

2. Online instruction increases learner 
motivation. 

The research in this area is incomplete, but there is evidence that the 
opposite may be true, making attention to this aspect of the instructional 
design especially important. 

3. Active screen designs (e.g., busy 
screens) help learning. 

Screens filled with lots of images and animation may lead to student 
overload. 

4. Discovery problem-based learning 
and extensive learner control are the 
most effective instructional techniques. 

This may be true for more advanced or capable students, but others may be 
left behind. Ideally, techniques should be incorporated that allow for these 
features after learners have demonstrated their ability to handle them. 

5. Traditional training methods are 
adequate for complex online learning 
environments. 

When the subject matter is complex, room must be made for integrating 
the material through increasingly large and inclusive practice exercises. 
Demonstrating mastery of “chunks” of material is not enough; learners 
must also be challenged to integrate those chunks if adequate outcomes are 
to be expected. 

6. Online instruction should be 
adjusted to accommodate different 
learning styles. 

A side from making provision for learners with different levels of 
incoming knowledge and ability, there is little evidence to suggest that 
varying instructional techniques to account for different learning styles 
(e.g., visual or verbal) has any impact on outcomes. 

 
The individual learning environment relates to the virtual training systems into a traditional lecture and the 

educational process into the electronic space. Looking at the individual learning environment in the electronic media 
development capabilities, and ergonomic realization methods they can be distinguished as individual stages of 
formation of the teaching environment:  
• model of education;  
• a virtual training system of choice, adaptation to the chosen school model and the curriculum; 
• preparation of the curriculum; 
• individual technical realization of the learning environment. 

Virtual training system design has led to not only correct presentation of educational materials, but also 
additional ergonomic training process and the virtual spaces of the design elements [7]. Each learner (both traditional 
methods and virtual learning environments) are characterized by individual psychological characteristics, which is 
sufficiently strongly influenced by training environmental design features. 

The distance learning can be very useful for the military learners, which generally demonstrate a high level of 
motivation in starting and completing their assignments. They are influenced by a military culture that values 
determination, tenacity, and positive results. The most important for distant education learners’ success is his 
motivation. 
 



 60

3. The Architecture of Learning and Self Control of Capacity System  
 

As was said before, the testing process is coherent with learning process. Therefore, the testing is used in many 
areas for keeping a close watch on student advancement and this type testing is known as broad-brush testing. The other 
kind of testing is the formative influence, when the students want to examine personality his knowledge or progress of 
recourse for learning. In either way the testing interconnects with formally learning area with clear determined intents 
by which are evaluated abilities [4]. Regularly are creating the own test systems that afford desirable possibilities and 
meet the individual requirements more effective and productivity. 

Application of Learning and self control of capacity system (LSCCS) can be interpreted as a flow of 
subsequent reclaim of experience that leads the individual person to a level of knowledge and competency. LSCCS 
helps in solving such challenging question as how to increase the military experience [2]. The brainstorming on 
challenging ideas that we presented above and potential of contemporary IT provided us with new possibilities (Fig.1):  
1. Possibility to get in touch with LSCCS server in remote mode; 
2. The databases constantly are up to date with new and actual information; 
3. The users can connect at any time to the databases and receive expertise support for his decision; 
4. There is the possibility of multi-user connection at the same time.  

All this possibilities ensure the simplicity of providing individualized decisions. This system is designed to 
take the individual recommendation for assessed learners, which presented knowledge and competency. In addition, test 
tool evaluates personal and situational preferences and generate a curriculum which ensures that the learner can 
assemble his learning purposes.  

A workflow engine with enough suppleness could be used to manage personalized and adaptable learn flows. 
The learning and self control of capacity system in accordance with input date (individual experiences, competence) 
culls necessary steps such as multilayer tests. The, LSCCS proceeds in manner when consumer is registered and tested; 
he is integrated in the date base of system and all date are saving.   
 

 
Fig. 1. The functions and subsystems of a Learning and Self Control of Capacity System (LSCCS) 
 
 

From a technical perspective the structure of Learning and Self Control of Capacity System could be kept 
comparatively simple and self-controlled in process of logic analysis. Figure 1 outlines a Learning and Self Control of 
Capacity System functions and subsystems. The functions and subsystems reside on a networked multilevel 
infrastructure with strong internet connectivity and a number of databases [5]. The internet portal systems could be used 
to provide different types of users by user’s type specific and customized services. The databases are designed to collect 
data about a number of processes and entities. The database of knowledge and competency assessing the learner's 
readiness for the intended personalized learning process needs. The learner’s present knowledge and competency are 
evaluated and compared to his learning objectives. All learning objectives are dissolved into standard function based 
competencies and connected knowledge requirements. Below are introduced the Learning and Self Control of Capacity 
System workflow databases. 
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The learner database consists of individual learner profiles. There will be collect all privileges, and data of the 
learner's private work environment. This database contains personal curriculums, learning results, qualifications and 
experience certificates. 

The database of facilitator contains the private work environments of teach facilitators, data about learners 
teaching history, and about their qualifications certificates. Frequently the assessment of the learner's level of 
knowledge or competency is directly linked to competency assessment system, which aims to generate them.  

The database of learn flow usually use databases for the general definition of workflows and databases which 
include authentic instances or workflow histories. The learn flow management system would use personalized learn 
flow pattern during the generation of individual curriculum to develop a simple learn flow which presents learning 
resources and self tests to individual course participants in consonance with the course agenda.  

The Learn flow are not presented only in the tasks and their execution order, but in addition all the 
methodological material necessary for a particular skill master, also includes related topics and basic concepts with 
relative hyper links into a theoretical part. If the theoretical part of each individual module level self-test is only an 
assumption learner activity and gather statistics for moving to a higher level, this practical task of each sub themes is a 
corresponding percentage of finishing the task, so they are timely in performing then optional part of the final 
evaluation. 

The main aim of the distance learning is to create a consistent small steps to provide learners teaching as much 
as possible. The information of specific shape more matters of knowledge, which would be necessary not only to the 
formation of a common culture, but also other studies, the process of quality improvement indicators. 
 
4. Conclusions 
 

The distance learning offers many advantages, and there are also significant challenges. Distance learning may 
not be effective for some learners, because it tends to require a high degree of self-motivation, as well as an ability to 
communicate effectively through reading and writing. 

The distance learning can be very useful for the military learners, which generally demonstrate a high level of 
motivation in starting and completing their assignments. They are influenced by a military culture that values 
determination, tenacity, and positive results. The most important for distant education learners’ success is his 
motivation. 

The Learning and Self Control of Capacity System in accordance with input date culls necessary steps such as 
multilayer tests. The functions and subsystems reside on a networked multilevel infrastructure with strong internet 
connectivity and a number of databases. The internet portal systems could be used to provide different types of users by 
user’s type specific and customized services. The databases are designed to collect data about a number of processes 
and entities: the knowledge and competency database; learner database; facilitator database; the education database. The 
multiplex data base system always gears up, so there is a need to elaborate the system environment and structure. The 
important task is to create the Administrator subsystem, which leads to simplicity and integration of administration and 
author’s subsystems to one application.  
 
References 
 
1. Bekešienė S., Smaliukienė R. Intelligent Applications in the Development of Sustainable Leadership in Statutory 

Organizations. ITELMS‘2011 (proceedings of the 6th international workshop 2011) ISBN 978-955-25-531-4, p. 
87-93. 

2. Smaliukienė R., Bekešienė S. Decision Support System in Career Counseling for Retired Military Officers. 
ITELMS‘2010 (proceedings of the 5th international workshop 2010) ISBN 978-955-25-531-4, p. 86-97. 

3. Bekešienė S., Smaliukienė R. Intelligent Technologies in Development of Leadership Competence. ITELMS‘2009 
(proceedings of the 4th international workshop 2009) ISBN 978-955-25-531-4, p. 66-71. 

4. Bekešienė S., Kleiza V., Malovikas A. Military Specialist Preparation Features in Nowadays Environment. 
ITELMS‘2009 (proceedings of the 4th international workshop 2009) ISBN 978-955-25-531-4, p. 158-163. 

5. Baniulis K., Reklaitis V. TestTool: Web-based Testing, Assessment, Learning. Informatics in Education, ISSN 
1648-5831, Volume 1, 2002, Vilnius, Institute of Mathematics and Informatics, p. 17-30. 

6. Butler J., Jia J., Dyer J. Simulation techniques for the sensitivity analysis of multi-criteria decision models, 
European Journal of Operational Research, 1997. 103(3), p. 531-546. 

7. Jakeman A. J., Letcher R. A. Integrated assessment and modelling: Features, principles and examples for 
catchment management, Environmental Modelling and Software, 2003.18, p. 491-501. 

8. Xiao L., Lewis P., Gibb A. Developing a security protocol for a distributed decision support system in a healthcare 
environment. ICSE’08. Proceedings of 30th International Conference on Software Engineering. Leipzig, 2008,  
p. 673-682. 

 
 



 62

Proceedings of 7th International Conference ITELMS’2012 
 
Investigation of the Hardness of the Welded Joints of the Car's Construction 
 
V. Dzerkelis*, Z. Bazaras**, V. Zelenius*** 
   
* Kaunas University of Technology, Kęstučio Str. 27, 44354, Kaunas, Lithuania, E-mail: vytautas.dzerkelis@ktu.lt 
** Kaunas University of Technology, Kęstučio Str. 27, 44354, Kaunas, Lithuania, E-mail: zilvinas.bazaras@ktu.lt 
*** Kaunas University of Technology, Kęstučio Str. 27, 44354, Kaunas, Lithuania, E-mail: vytautas.zelenius@stud.ktu.lt 
 
Abstract 
 
Body construction usually protects the driver and passengers against shocks to the different types of obstacles, but the 
greater threat is caused when the vehicle turns. During turnover the roof structure keeps the greater part of the dynamic load. 
Then the car roof supporting structures – pillars have to withstand high loads. The most important and the biggest concern is 
the welding seams made during the repair of the front pillars supporting the roof, because structural integrity of the elements 
of the car roof there is damaged and this may cause very painful consequences of an accident, because, as statistics claim 
during turnover the front part of the roof is usually affected mostly (for cars of the European market). 
The objective of the work – is to perform an experiment according to Vickers to determine the hardness of a real weld, 
to define variation ranges of limits of hardness, yield strength and elastic one, and to design a weld model in 
SolidWorks environment. 
KEY WORDS: structure of car body, vehicle, turnover, welding, repair. 
 
1. Introduction 
 
 With growing number of vehicles on the roads the number of accident, in which people suffer, increases too. In 
order to avoid the dire consequences the increased attention is paid to passive vehicle safety, with higher requirements 
to the car's supporting construction to ensure passengers safety [1]. This is one of the most important car components 
addressing security issues. At this basis for car bearing structures high strength, stiffness and durability requirements are 
made. They assure the driver and passengers’ safety, determine the vehicle stability and control during maneuvers, and 
affect the working conditions of vehicle units and the vehicle lifetime. When the car is getting older, more failures of an 
operational nature are occurring, sometimes between them there are the failures caused during an accident. 
 The body construction usually protects the driver and passengers against impacts to different types of obstacles 
(other cars, trees, walls, poles), but one of the greatest risk to life is caused by a car overturning. 
 The analysis of statistical data showed that the front supporting structure of the car roof must withstand the 
greatest part of the load (for cars of the European market) during overturning, so particular attention is paid to the front 
pillars and their welded joints [3, 4]. 
 The objective of the work – is to perform an experiment according to Vickers to determine the hardness of a 
real weld, to define variation ranges of limits of hardness, yield strength and elastic one, to design the weld model in 
SolidWorks environment. 
 The goals of the work: 
1. With an actual weld model made to carry out the hardness definition experiment by Vickers of a real weld joint.  

Determine hardness of the weld surface and calculate the material yield strength and elastic limit. 
2.  Simulate a welding seam equivalent in SolidWorks environment. 
3. The program „SolidWorks 2011“, developed by the company „Dasault Systems“, was used for design. 
 
2. Definition of weld hardness by Vickers method 
 
 Vickers method is widely used to determine precise mechanical characteristics of metallic materials [5]. 
Measuring hardness by the Vickers method, the diamond pyramid of square base which apex angle is 136°, and wall 
angle to the horizontal plane is 22°, is stamped into the metal. Hardness units are calculated dividing the compressive 
strength by the stamped surface area. It is very convenient to define surface hardness of fine details (from 0.3 to 0.5 
mm) and thermo-chemical reinforcement layers of the details.  
 The analysis of technology of production of structure reveals that steel of class HSS (HSS – high strength 
steel) used for production of the body studied [6], we will use the chosen Vickers method to define parameters of the 
welding joint of the element studied (Fig. 1).  
 During the experiment, when checking hardness of joint by Vickers (HV100 – 100 means load in grams), 
obtained results were put down into a table and yield strength σy is defined using given expressions (minimum stress, at 
which deformation of the sample increases, at nearly constant load) and elastic limit σe (maximum stress up to which in 
the sample there are no residual deformations): 
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where HV is hardness by Vickers, MPa; C is the factor limiting the elasticity (the constant equal to 3); n is load strength 
exponent (for metals with HV = 2000-3000 MPa this exponent is equal to 0.12 or12%). 
 

 
Fig. 1. Vickers method (principal scheme) 
 
3. Investigation of hardness of welding joint of pillar 
 
 In order to design a model of welding joint in SolidWorks environment it is necessary to simulate welding 
joint with mechanical characteristics, close to the actual weld mechanical properties. In determining mechanical 
characteristics of material of weld of structure studied, it is necessary to determine trend of change of the mechanical 
characteristics of the joint with distance from the weld center. Structure of this car body is of steel (HSS – steel with 
boron reinforcement) and with strength limit equal to 2000 MPa. 
 During the study, for determination of variation of weld hardness the sample was produced. Two steel plates of 
thе element of the car studied were welded (Fig. 2) using a wire with diameter of 0,8 mm special for welding of steel 
sheets of this type. 
 

 
Fig. 2. Preparation of joint sample 
 

After welding operation, before hardness study, the sample is sanded and polished [7]. When surface of the 
sample is prepared (Fig. 3, a) location of the  weld center is marked, that while measuring hardness by the meter PMT-3 
(Fig. 3, b) were easy to change the distances moving away from the weld center to edges.  
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a b 

Fig. 3. Investigation of hardness: a – preparation of the sample, b –setting of the sample during measurement 
 

When the side surface of the sample is sanded, it (Fig. 3, b) is put perpendicular to the horizontal plane on 
adjustable table of apparatus PMT-3 for micro-hardness research. Measuring micro-hardness starts from the weld 
centre. Tip of square diamond pyramid every half of a millimeter is moved from joint centre to the left, and then to the 
right [8, 9], until the metal hardness stabilizes (in the case studied – at 5.5 mm to the both sides). Micro-stamp in the 
sample (Fig. 4, a) is stamped using force of 0.01 N. 

After measuring dimensions of these micro-stamps, analysis of test results allowed to define hardness 
according to Vickers. According to the data obtained the diagram (Fig. 4, b) is drawn, that illustrates the dependence of 
variation of weld hardness on the distance from the weld center. 
 

  
a b 

Fig. 4. Results obtained by Vickers method: a – micro-stamps remained in the sample after Vickers study, b - changes 
in hardness of the weld joints moving away from the joint center 

 
Analyzing the data obtained showed that from the weld center line symmetrically on both sides at distance of 1 

mm surface hardness there was close to the hardness of an unaffected metal surface of the thermal area.  At the distance 
of 1 mm symmetrically to both sides from the weld center the hardness significantly increased as the metal was affected 
by high temperature (till 2500°C) and it cooled  quickly, what resulted in hardening process of steel. 
 
4. Design of welding joint in SolidWorks environment 
 

After the experiment of the weld hardness according to Vickers, mechanical characteristics of the weld 
examined were determined. The results obtained were analyzed in 3 separate typical weld zones. Based on the analysis 
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and the assumptions made in SolidWorks program environment, using database from the software package the weld 
model (Fig. 5) close to the actual one was developed. Geometrical   dimensions of the weld profile have been selected 
accordingly to dimensions of the construction element. 
 

 
Fig. 5. Model for the lower pillar part of the weld in SolidWorks environment 
 

In the middle of the weld the value of yield strength σy entered in the program database is 450 MPa, and elastic 
limit σe is 620 MPa (data from Table 3, corresponding by the range the width of the weld middle equal to 2 mm, the 
arithmetic mean of the sum of values in this range is entered in the database). 

Similarly, the outer joints with a width of 5 mm were modeled, values σy and σe were selected 690 and 
810 MPa correspondingly. 

During the study of repair of a vehicle roof structure, in order to determine influence of the welding seams 
order in the model on stiffness of the front roof pillar of a car, this weld model will be used for analysis of stiffness of 
the pillar at connection point. 
 
5. Conclusions 
 

An analysis of the car body production technology, repair and materials used carried out during the work and 
test done showed that: 
1. After the experiment of determination of the actual weld hardness by Vickers, variation ranges of hardness  

(1900-2800 MPa),  yield strength (462-713 MPa) and elastic limit (587-905 MPa) have been defined. 
2. The weld equivalent has been simulated for 3 separate typical weld zones. 
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Abstract 
 
This contribution deals with one possible approach to the determination of the operational maintenance programme. 
This approach is based on life cycle costs and a method called “Reliability centred maintenance”. The objective of this 
method is to maintain system functions within required safety limits, maintain an inherent level of safety and reliability, 
optimise availability, and perform these objectives with minimal total life cycle costs. The design of the on-going 
vehicle maintenance programme was based on quantitative, qualitative and economic analyses.  
KEY WORDS: operational (on-going) maintenance programme, vehicle life cycle costs, reliability centred 
maintenance, vehicle durability time. 
 
1. Introduction 
 

Most industrial organisations have maintenance departments which deal with many issues regarding 
operations. For example they can be involved in process design, inventory, scheduling and staffing. However, the 
ultimate objective of maintenance is to keep equipment at acceptable standard. To achieve this objective a variety of 
maintenance actions are employed including inspection, repair, planned maintenance and replacement. An adequate 
planning of type, contents and timing of maintenance actions is essential for the success of the maintenance function. 

A maintenance programme generally consists of an initial programme and continuously developing operational 
(on-going) programme. As an example of a possible solution, this contribution includes a design of an operational 
maintenance programme. 

The operational maintenance programme is elaborated using an initial maintenance programme. Thus it is 
necessary for the user to commence collecting operation data as soon as possible after a vehicle was put to operation. To 
elaborate an effective on-going maintenance programme it is necessary to define: 
• maintenance programme objectives; 
• a method enabling the maintenance programme elaboration; 
• content of the maintenance programme. 
 
2. Generally proposal of operational maintenance programme 
 

For the description of the on-going maintenance programme, the following progressive logic diagram was 
proposed (see Fig. 1). This progressive logic diagram is divided to three main parts – quantitative analysis, qualitative 
analysis based on RCM (Reliability Centred Maintenance), and economic analysis.  

In the initial part of the on-going maintenance programme design, the following acts must be performed: 
1. Collecting information 

In the initial part it is necessary to collect credible data about vehicle operation, forming the basis for the 
evaluation and then proposal of various measures. The data are collected prior to the analysis commencement. To 
ensure completeness and to prevent from duplicity, an appropriate and logic division of items is necessary. 
2. Data sorting 

For vehicles, division to the following groups is proposed: engine, transmission mechanism, brakes, driving, 
wiring system, body and frame. This division is based on functionally significant items. It is appropriate to divide the 
data according to the classification of failure consequences: 
• minor failure consequences, 
• major failure consequences, 
• critical failure consequences, 
• catastrophic failure consequences.  

In the article, classification according to failure consequences is applied since each failure has a different effect 
to the safety, availability, and costs on corrective maintenance of the vehicle. 
3. Performing individual analyses 

After data are sorted, individual analyses are performed: 
• quantitative analysis, 
• RCM based qualitative analysis, 
• economic analysis. 
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4. Decision process for next questions  
• Can a failure be prevented from by modification of the maintenance interval? 
• Can a failure be prevented from by modification of the maintenance technology? 
• Can a failure be prevented from at the construction, production or assembly stages? 
• Is the system proposal optimal? 
5. Evaluation of individual analyses and adoption of specific measures. 

Upon the quantitative analysis results, the service maintenance interval shall be modified or the existing 
interval retained. Upon the RCM based qualitative analysis results, individual maintenance acts, performed within the 
service maintenance of a vehicle, shall be modified. Upon the economic analysis results and the failure intensity 
calculation, the vehicle durability time shall be specified as compared to the initial proposal. 
6. Verification of proposed measures in practice. 

Upon the proposal of the stated modifications in the whole design of the on-going maintenance programme, 
another data collection and an economic analysis shall be performed, aimed at the calculation of vehicle life cycle costs 
(LCC). 
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Fig. 1. Proposed progressive logic diagram for determining an operational maintenance programme [1] 
 
3. Quantitative analysis for the service maintenance programme elaboration  
 

The following section presents a quantitative analysis progressive logic diagram, which is part of the design of 
an on-going vehicle maintenance programme (see Fig. 2). 
 
3.1. Determination of a continuous distribution type 
 

For the determination of a continuous distribution type, the “constant rate validity test”, “failure intensity 
validity test”, and “test of goodness of fit for data with Weibull distribution” [2] methods were used. Results of the 
given calculations shall form the basis for the selection of a suitable type of continuous distribution, and consequently 
for the calculation of mean time between failures. 
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Fig. 2. Progressive logic diagram of quantitative analysis [1] 
 

In order to determine the values, it is necessary to lay down a continuous distribution type that will describe 
vehicle properties best. Verification of the failure rate behaviour for irreparable items or of the failure intensity 
constancy for repairable items shall be performed. 
A) Constant rate validity test 

The test was performed in order to determine the validity of the assumption of constant failure rate for 
irreparable items. It was assumed that a vehicle shall behave as irreparable, meaning it shall be withdrawn from 
monitoring after the first failure. A test specified in this way is meant for testing whether times to item failures are 
exponentially distributed, i.e. whether the failure rate is constant.  

For the procedure to be valid, at least ten times to failure must be available. Further, according to the number 
of n sample selections, either a numerical procedure or graphic method for a small number of samples is used. A 
condition of the same operating environment for all test samples must be met. Not all samples must have failure at the 
end of the testing period. At the time given, the total of r recorded valid times to failure will exist. The times to failure 
shall be arranged in the ascending order of values and the arranged selection shall be marked t1 , t2 , … , tr . 
The cumulative time to “i” failure shall be calculated as [2]: 

 ∑
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Procedure for a selection range greater than 40. 
1. Time interval between zero and the total cumulative time of T* test shall be divided into m identical intervals with 

the length w. An expected number of failures in each interval is: 
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d parameter related to the number of valid failures; m must be selected in such a way that E is equal to or greater 
than 5. 

2. Test statistics is calculated: 
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Oi is observed number of failures in the time interval i. The calculated value χ 2 shall be compared to the 
theoretical value χ 2(ν) given in Table A1 [2] for ν = m − 1. 
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3. One-sided test shall be performed within 10% significance level using Table A1 [2]. If χ 2 > χ 2
0.90(ν), then the 

assumption of failure rate constancy is refused. In this procedure it is not possible to assess whether the failure rate 
is increasing or decreasing. Otherwise the assumption of failure rate constancy is refused, i.e. exponential 
distribution may not be considered. 

B) Test of failure intensity constancy 
This test is used for repairable items, which applies fully to vehicles. Only one vehicle shall be selected for 

testing and failure occurrence and seriousness are monitored. It is recommended to select a vehicle with the highest 
durability (the highest kilometres) and the highest failure occurrence. 

Testing failure intensity constancy means that times between successive failures show neither increasing nor 
decreasing trend. If this is this case, the sample may be considered an item repaired after every failure. For the calculation 
it is necessary to meet this condition: at least six successive failures recorded during the testing period must exist.  

This procedure may be used either at the time of the last failure Tr, or at any other later time T* during which 
the test sample continues performing its function [2]. 
Step 1 
For each cumulative valid failure time Ti value U shall be calculated: 
If T* > Tr then: 
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If T* = Tr then: 
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Step 2 
Permissible risk α of an incorrect refusal of the failure intensity constancy assumption shall be specified, although in 
fact it is constant. Recommended values α are given in [2]. 
Step 3 
If the absolute value U is higher than a critical value given in Table [2], the assumption of failure intensity constancy 
shall be refused. Otherwise this assumption shall not be refused. 
C) Goodness of fit tests for data with the Weibull distribution 
Step 1 
All r times to failure shall be arranged in the ascending order and natural logarithm of these times shall be 
calculated: ln(t1) = x1, ln(t2) = x2, … , ln(tr) = xr . 

 It is true that: x1 ≤ x2 ≤ … ≤ xr  (6) 

Step 2 
The following values shall be calculated li for i = 1 up to r − 1 
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Step 3 
H shall be calculated using values calculated in step 2 
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where  x  is used for labelling the highest integer lower than x or equal to x. 
Step 4 
If ( )   ( )22,212 rrFH −≥ γ , then the hypothesis saying that data follow the Weibull distribution shall be refused 
within γ·100% significance level, and the analysis shall not continue. Otherwise no evidence for refusing the 
hypothesis that times to failure have the Weibull distribution has been found and the analysis may be continued [3]. 
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3.2. Weibull distribution – determination of α, β parameters 
 

A number of machine parts and other equipment, to which exponential distribution does not apply, have 
durability time (operating time between failures) of Weibull distribution. Especially those machine parts showing 
mechanical wear and material fatigue. Also mechanical properties of materials, for example strength, have Weibull 
distribution.  
Then it is necessary: 
A) Determination of parameters α, β for Weibull distribution by Nelson’s method 

This is one of methods suitable for processing generally censor files. The estimation of parameters is based on 
the linearization of a relation for cumulative failure rate H (x). This solution applies to the Weibull distribution. 
Distribution function of two-parameter W-distribution is given by the following relation [4]: 

 [ ])(exp1)( xHxFx −−=  (9) 

where H (x) is cumulative failure rate given for W-2 distribution by the following relation: 
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Application of logarithm on (10) will result in the following equation, linear between parameters: 

 θbxbxH lnln)(ln −=  (11) 

The equation is already linear between parameters and may be solved in various ways: 
a) graphically on an appropriate logarithmic paper, 
b) numerically (e.g. by least squares method) [4]. 
B) Determination of confidence interval for parameters α with known parameters β and γ  

Two-sided confidence interval HD aa  ,  for parameter α with known parameters β, γ with confidence 
coefficient 1 − α shall be determined. 
 
3.3. Calculation of selected dependability measures 
 
A) Failure intensity 
Failure intensity z(t) is the limit of a ratio – if it exists – of the mean failure number of a repaired item within (t, t + ∆t) 
time interval to the length of this interval ∆t, if the length of the time interval is approaching zero. 
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where N(t) is number of failures within (0, t) time interval; E is expected value; t + ∆t is time interval. 
Using the given expression, it is possible to calculate failure intensity for the whole vehicle or for individual 

groups of the vehicles. 
B) Mean Time between Failures Calculated with the Weibull Distribution  

The calculation of mean time between failures for a vehicle (or groups) may be performed in longer intervals 
(e.g. 50 000 km). After determining values in these intervals, curve regression with function expression may be carried 
out. In this way the values of mean time between failures in the interval from production to disposal may be calculated. 
The calculation shall be done in each interval using the following procedure [1]: 
1. Failures according to consequences are selected and divided to intervals; calculation includes also unclosed file 

values when a failure did not occur. 
2. Using Nelson’s method, cumulative rate H(x) values are calculated. 
3. Using Weibull diagram, cumulative values H(x) are plotted depending on the kilometres. 
4. Values α and β are read from the Weibull diagram. 
5. Mean time between failures is calculated using the Weibull distribution and calculated values α and β. 
6. Resulting values are plotted in the diagram and regression curve with function expression is calculated. Upon 

theoretical as well as practical knowledge it is recommended to employ regression analysis. In this analysis, special 
non-linearizable models shall be used with exponential trend. The most appropriate particular regression curve has 
the following general form: 

 xx bby 21 ee 21
ββ −− +=  (13) 
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where y is mean time between failures in kilometres; x is operating time in kilometres; b1 , b2 are estimation of 
parameters, β1, β2 are estimation of parameters. 

7. Mean time between failures in defined maximum durability time of a vehicle is calculated from the given equation. 
8. Confidence interval for parameter α with known parameter β  is determined. 
 
3.4. Analysis of mean time between failures calculated with Weibull distribution and failure intensity 
 

The calculation of mean time between failures is recommended to be employed for the determination of 
interval between preventive maintenances, i.e. so called service interval. As generally assumed, a vehicle is a piece of 
equipment for which the interval between failures shortens with increasing mileage. 

The calculation of failure intensity is recommended to be employed for the determination of the vehicle 
durability time. This is a possible criterion used for the durability time determination. 
 
3.5. Decision on the optimal interval for service maintenance 
 

Upon the analysis of mean time between failures calculated with Weibull distribution, a decision on the 
determined interval optimality shall be made. There are two possibilities: to refuse the interval modification, because 
the calculated interval is the same as the interval recommended by the manufacturer, or to accept the interval 
modification, because it seems to be optimal. It means that if preventive maintenance costs decrease within the vehicle 
durability time, at the same time corrective maintenance costs should not increase. Another possibility is that the service 
maintenance interval will shorten and at the same time preventive maintenance costs will increase, with expected 
decrease of corrective maintenance costs. For the verification of stated hypotheses it is necessary to continue monitoring 
failure occurrence for the newly proposed interval in order to draw a final conclusion. 
 
4. Qualitative analysis based on reliability centred maintenance 
 

This qualitative analysis is based on principles of reliability centred maintenance (RCM). In the first part of the 
decision logic tree, categorisation of failure effects is performed. In the second part, maintenance tasks selection is 
proposed resulting from the RCM based decision logic tree, which is the result of the decision logic tree. Questions such 
as “Is functional failure occurrence during a usual check obvious to the operator?” are asked here. Answers are “yes” or 
“no”, with assigning categories of failure effects such as apparent failure, latent failure etc. Further, maintenance tasks 
selection is proposed resulting from the RCM based decision logic tree, which is the result of the decision logic tree. 
 
5. Economic analysis based on life cycle costs 
 

The life cycle costs analysis is an economic analysis process for assessing the total costs on purchase, 
possessing, and disposal of an item. The analysis may be used within the whole life cycle of the item, or in some parts, 
or in combinations of various periods of the life cycle [5]. 
 
5.1. Calculation of selected life cycle costs 
 

 OMPOMCPAPAM CCCC ++=  (14) 

where CPAM is life cycle costs selected; CPA is costs on vehicle purchase and amortization; COMC is corrective 
maintenance costs; COMP is preventive maintenance costs. 
1) Costs on vehicle purchase and amortisation 

The value of amortised vehicle shall be determined upon the vehicle operating time (age) and mileage. For a 
certain vehicle type, the price shall be calculated from amortisation scales [1], in which a basic percentage deduction for 
the operating time and a basic percentage deduction for mileage are determined. The vehicle value shall then be 
calculated as an arithmetic average of the following values: 

 ( ) 2AOATPA CCC +=  (15) 

where CAT is amortisation value of the vehicle depending on the operating time;  CAO is amortisation value of the 
vehicle depending on its mileage. 
2) Costs on vehicle maintenance 
a) Corrective maintenance costs 

The total costs which are required for ensuring repairs during the vehicle operating time depend on the number 
of failures which occur in the vehicle during its operation, and on costs necessary for removing these failures. 
Corrective maintenance costs may be calculated as follows [1]: 
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where COMC is corrective maintenance costs during operating time t; t is operating time in kilometres; i is determined 
value of the interval in kilometres; j is number of determined intervals I; z(n) is failure intensity in interval n; E(t) is mean 
time between failures depending on mileage t, calculated with Weibull distribution; Φ is mean time between failures;  
cR is average cost on one failure repair, consisting of costs on material and costs on work. 
b) Preventive maintenance costs  

These include costs on scheduled preventive maintenance performed in compliance with a specified 
maintenance schedule for a given vehicle. 

For costs on ensuring preventive maintenance, the following generally applies [1]: 

 MctCOMP ˆ=  (18) 

where ĉM is average cost on ensuring preventive maintenance, consisting of costs on material and costs on work relating 
to an operation time unit. 
 
5.2. Determination of optimal vehicle durability time based on LCC  
 

Optimal durability time of a vehicle is recommended to be determined upon selected components of vehicle 
life cycle costs (costs on vehicle purchase and amortisation, maintenance cost), and upon the failure intensity analysis. 
This is one of possible methods employed for the determination of the vehicle life cycle. The determination of vehicle 
durability time based on LCC may be performed in two ways [1]: 
a) By deducing optimal life cycle costs directly from the graph, which is constructed from calculated values. 
b) By determining optimal life cycle costs using points of the elaborated graph through which a suitable regression 

curve shall be laid. This curve is expressed by an equation of function f(x). For expressing the function equation, 
Matlab software may be used, or any other that meets required conditions. Calculation procedure: 

• Finding a local extreme of the function within [0, TD] domain, where TD is vehicle durability time. The calculation 
is performed with the first derivation of function f ' (x). The result is a local extreme within interval [0, TD].  

• Finding a strong local minimum of the function within [0, TD] domain with using the second derivation of function f '' (x). 
After the function minimum within the searched interval [0, TD] is determined, it is necessary to determine the 

value of vehicle durability time. It is recommended to determine optimal mileage interval which is 5 to 10% higher than 
the calculated value of the minimal costs [1]. 
 
6. Conclusions 
 

Upon the analysis of life cycle costs and failure intensity, the optimal durability time of the vehicle shall be 
determined. Both optimisation intervals are used as the basis. If the optimisation intervals interlap the value shall be 
determined from the optimisation interval rounded to tens of thousands of kilometres. If the optimisation intervals do 
not interlap it shall be necessary to perform a detailed analysis of both criteria and then determine so called optimal 
durability time of the vehicle. 
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Abstract 
 
The paper deals with the mathematical processing, monitoring and analysis of the oil field data obtained from the 
atomic emission spectrometry in frame of the tribodiagnostic oil tests. The mathematical methods based on a regression 
analysis and calculations are used in the paper for oil data analysis. The whole assessment procedure and their outcomes 
serve as identification of a suitable approximation trend. With the same result we are capable of determining in-service 
operation history as well as giving inputs to maintenance optimisation. Nowadays the system requirements are set up 
and evaluated in various manners. We would like to keep both preventive and corrective maintenance costs as low as 
possible. A system design and a maintenance system help to fulfil this task. We propose to use one of the 
approximations presented in order to track the system operation behaviour.  
KEY WORDS: Tribo-diagnostics, Maintenance optimisation, Field data, Operation Assessment. 
 
1. Introduction 
 

The growing dependability and operation safety requirements for modern equipment together with the 
increasing complexity and continuous attempts to reduce operation and maintenance costs might be satisfied among 
others by the consistent use of modern diagnostic systems. The main task of object technical state diagnostics is not 
only to find out incurred failures, but also to prevent from the failure occurrence with the help of sensible detection and 
changes localization in the object structure and in its behaviour changes. 

A tribotechnical system (TTS), friction in it, wear and lubrication, and especially the outcomes of it are the 
subjects of our major concern. Regarding the tribotechnical system, the basic information about tribological process, 
operating and loss variables are provided. Tribology is the science and technology of interacting surfaces in relative 
motion. The function of a tribotechnical system is to use the system structure to convert input variables (e.g. input 
torque, input speed, the input type of motion, and the sequence of motions) into technically utilizable output variables 
(e.g., output torque, output speed, output motion) [1, 2]. 

The type of interaction occurring primarily depends greatly on the friction state. Thus, when a lubricant is 
present, the atomic/molecular interaction can be disregarded more often than the mechanical. Friction and wear in a 
given TTS ultimately depend on the interactions between the elements. The friction state, the effective mechanisms of 
friction and wear, and the contact state can be used to describe the interactions. The tribologic loads occurring in the 
real contact areas produce tribologic processes. They subsume the dynamic physical and chemical mechanisms of 
friction and wear and boundary-layer processes that can be attributed to friction and wear. 

Owing to the TTS we have got a lot of diagnostic oil data. In view of tribo-diagnostics this data is considered 
to be the final outcome. This data can tell us a lot about lubricants / life fluids quality itself as well as about system 
condition. From the reliability, maintainability and safety point of view we consider such data to be very valuable. We 
distinguish different methods for oil / life fluids samples analysing. These methods are used to determine physical 
quality of the sample. Since the system operation, taking the oil samples and the outcomes themselves, are very fuzzy, 
we later expect to adapt some approaches from the fuzzy logic theory to help. 

The procedure and results presented bellow are based on standard mathematical principles – a regression 
function and a regression analysis. Later these will be supported by fuzzy logic approaches. 

We present results which contribute to general approach when considering both the maintenance procedures 
and the cost analysis optimisation. From both presumptions we are expecting some costs savings. As for the military 
point of view we would like to determine remaining “time units” in order to perform the mission. 

Following the regression analysis performed beforehand it is possible among others to assess the operating 
history of an observed vehicle. When analyzing the data we focus on such chemical substances in oil which are 
somehow interesting for us. These are the products of mechanical processes and wear. The elements originated either in 
bearings or different parts of kinematic accouplements. We do not take into account any additives. The elements of our 
primary concern are ferrum, cuprum and lead. It results from the observations and performed analyses that ferrum 
behaves presumably in the most interesting manner. Therefore we are going into it in a more detailed way. 

We do not mention all the results of regression analyses in the paper (especially not for lead and cuprum).  
However, after comparing them, we have come to the following conclusions: 

• The dependence of cuprum on operating hour (Mh) is not evident so it does not bring us to any common conclusion. 
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• When dealing with the dependence of lead on operating hour (Mh), there are similarities among all kinds of vehicles, 
but the multiple correlation coefficient of a tank and infantry fighting vehicle data is too small for a relevant 
regression function to describe selected data well. 

• When dealing with the dependence of ferrum on operating hour, there are also similarities among all kinds of 
vehicles, but a multiple correlation coefficient is higher. Therefore it is convenient to concentrate only on the 
dependence of ferrum on Mh. 

 
2. Objects of diagnostics and diagnostics methods 
 

The assumed objects of diagnostics, i.e. the tank engines T-72M4CZ, TATRA 810 and BMP II have not been 
ready yet in terms of design to use the ON-LINE system, though in practice similar possibilities for other applications 
have already existed. It results from the information stated above that we are still supposed to use OFF-LINE engine 
diagnostics system when sampling lubrication fluid at certain intervals, and using known and optimised special 
tribodiagnostic methods [4-6 and 7]. 

The recognition of a technical state is a basic assumption for making a diagnosis used for determining either 
operability or non-operability, or for the detection, recognition, distinction, and localization of system parts faults. 
Although the data on the object condition obtained from a lubrication fluid is available, little importance is attached to it 
when changing the oil. If the condition of lubrication fluid affected not only evaluation of the object condition, but also 
modification and optimisation of exchange dates, it would be notably positive in terms of economic optimisation. 

When evaluating data, the information is transformed many times and provides only estimated reality which 
might be different from reality itself. That is why the pattern recognition is an important and very complex area of 
technical diagnostics. Generally the recognition is divided into two groups depending on which methods are used - 
syntactic or signature. 

A Parsing/Syntactic Method – is based on recognizing a qualitative way. A word or a symbol string represents 
the pattern reflecting an object, an event or a process. 

A Signature Method – is based on recognizing objects, events, or processes with the help of an arranged set of 
numbers which describe the object characteristics. 

In diagnostics in many cases there is no exact line between an up state and fault, i.e. there is no mutually 
explicit representation among points spaces and points classes spaces and corresponding technical states – diagnoses. 
The failure classes intersect which means that the same magnitudes of measured characteristics might correspond with 
different diagnoses. If the vagueness in classes distribution is not given by a stochastic character of measured 
characteristics but by the fact that the exact line among states classes does not exists, it will be later on good to use 
fuzzy set theory and adequate multi-criteria fuzzy logic. One of the most important information sources might be the 
results of ferographical analysis (a type, a size, material composition, distribution, morphology, speed of generation, 
etc.) and particles wear in real time, or lubrication oil degradation got by the methods FTIR, etc. However, it has not 
been possible to get this information in real time yet. 

In our case we use the results and information from atomic emission spectrometry. Following this analysis we 
can obtain the information about the presence of the elements of a specific kind and the amount of elements. However, 
we cannot identify their origin – e.g. as a result of fatigue, cutting or sliding. Therefore in our further research we try to 
identify where the elements might come from. 
 
3. Oil field data assessment 
 

Having enough field data obtained from a statistically important set of diagnosed objects is a basic assumption 
that we will solve this problem successfully (e.g. the engines themselves, etc.). Since the data sets are very extensive, 
we are not going to introduce them here except for a part/example of ferrum particles found in an infantry fighting 
vehicle engine shown in Table 1. But we deal with dozens of samples taken and analysed at different types of observed 
engines. In certain aspects we consider the engine in an infantry fighting vehicle II to be a reference object, because the 
event of a failure type has occurred in it. All tribodiagnostic processes related to the failure occurrence have been 
recorded [8-10]. 

Technical state diagnostics and engine monitoring includes system approach which deals with sampling, 
analysis and information utilisation which is important in relation to a mechanical or thermodynamic engine state. 
Generally it is about monitoring and assessing wearing particles and pollution in life fluids (e.g. hydraulic and engine 
oils), or metal wearing particles monitoring, non-metal polluting particles monitoring, products of burning process by 
high or low temperatures, soft pollutants of organic origin which form oil resin, so called cold sediments, oil and fuels 
oxidation products, hard-solid pollutants of inorganic origin, dust particles of silicon origin, etc. The monitoring covers a 
life fluid sample collection and its off-line analysis using easy, standard or special – instrumental methods. The increased 
forming of metal magnetic wearing particles is usually monitored too, using magnetic detectors with recording and 
signalization. Using the on-line diagnostics based on a laser particles analyser appears to be a very progressive method. 
This method enables us to find wearing particles according to a corresponding wearing mechanism (fatigue), adhesion, 
abrasion, cavitations, corrosion, vibration, combination of the situations mentioned above together with expressing the 
state, prognosis, trends calculations, etc., supported by intelligent software in the future in real time [3]. 
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 Utilisation of regression model 
Exploring and analyzing variable dependencies, the values of which are obtained when performing an 

experiment, is considered to be an important statistical task. In view of their random character, a random vector 
X = (X1, …, Xk) represents  independent variables and a dependent variable is represented by a random variable Y. 

When describing and examining the dependence of Y on X, we use a regression analysis, and this dependence 
is expressed by the following regression function: 

 ( ) ( )xXβx === |, YEy ϕ  (1) 

where x = (x1 , …, xk) is vector of independent variables; y is a dependent variable; β = (β1 , …, βm) is vector of 
regression coefficients β j . 

For our data we will look for a regression function in a linear form and we will apply a linear regression 
model:  
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where fj(x) are well-known functions where β1 , …, βm are not involved. 
This model is based on the following assumptions: 

1. Vector x is non-random, so the functions fj(x) take non-random values fji = fj(xi) for j = 1, …, m  and  i = 1, …, n. 
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4. Random variables Yi are non-correlated and have a normal probability distribution for  i = 1, …, n. 
For the data we will select gradually the following regression functions: 

• m = 1,  f1(x) = 1, regression function: y = β1 ; 
• m = 2,  f1(x) = 1,  f2(x) = x, regression function: y = β1 + β2 x; 
• m = 3,  f1(x) = 1,  f2(x) = x,  f3(x) = x 2, regression function: y = β1 + β2 x + β3 x 2; 

For the expected dependence we select the model which will follow the data and also will be most simple. We 
will proceed the following way: 
• gradually we will look for the models for  m = 1, 2, 3; 
• regarding the models  y = β1 + β2 x and  y = β1 + β2 x + β3 x 2 we will test whether the highest power coefficient is not 

equal to zero. 
• for each model we will search for a multiple correlation coefficient: 
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This coefficient will be squared and it will show its suitability for approximation / data spacing with a relevant 
regression function. With the coefficient getting bigger, the regression analysis reflects the assessed data better.  

When applying the regression analysis we will look for the dependence which would be able to differentiate 
among particular types of vehicles. Moreover, we would be able to compare these dependencies. 

For the sake of the analysis engine oil samples were used where, depending on individual operation time, it 
was possible to monitor the concentration of wearing specific particles. It was about ferrum Fe particles as a mechanical 
process product like fatigue process products, cutting abrasive processes, and sliding abrasive processes. In the tables 
below there is a short list of these particles [4]. Ferrum – [Fe] particles at BMP. 

Single statistical sets have more than 80 recorded items, but we are not going to fill the paper with them. 
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Table 1 
Input data of Fe particles – example of set 

Sample/Mh Fe (ppm) Sample/Mh Fe (ppm) 
1/0 1.29 21/179 21.87 
2/8 20.53 22/188 23.70 
3/11 21.36 23/200 24.90 
4/22 25.93 24/211 24.87 
5/26 20.59 25/222 25.74 
6/35 16.49 26/233 27.98 
7/46 18.64 27/244 24.44 
8/57 18.08 28/255 25.22 
9/64 21.03 29/259 27.07 
10/72 18.73 30/269 27.51 
11/84 17.00 31/271 16.69 
12/95 23.89 32/283 16.12 
13/106 23.34 33/294 16.92 
14/109 21.72 34/305 16.26 
15/119 22.71 35/316 16.18 
16/136 15.24 36/327 17.70 
17/142 20.16 37/331 18.47 
18/153 18.24 38/341 21.71 
19/164 18.88 39/351 7.41 
20/175 20.12 40/363 11.46 

 
4. Proposals for system health and condition monitoring based on the results of tribodiagnostics 
 

In the case of taking single oil samples a time line might be possibly not stationary, and before making next 
calculation it needs to become stationary (non-constant mean value and dispersion); standard transformations do not 
provide satisfactory results. 

The analysis results detected from the oil provide a potential space for the modification of oil exchangeable 
date considering the number of particles present in the oil before the actual change. The situation is interesting 
especially with regard to the velocity of their occurrence. A recognized number of particles before the actual change 
would not necessarily mean a critical number which could threat reliable engine function or cause an accident. 
However, the exchange date is determined by an oil producer, and the time period in which the exchange is performed 
might be significantly affected by other characteristics. The presence and the number of particles which occurred in a 
lubricating system by mechanical processes should be viewed in the future as one of the most important factors in the 
process of lubrication fluid state assessment. 

Following the results it is also necessary to decide on the approximation of real course of particles generation. 
On the basis of the calculations already made we estimate that the linear regression model will be the most suitable for 
many reasons. In Table 2 there are single regression analysis models for the observed type of a vehicle. 
 

Table 2 
Regression models comparison – outcomes 

Regression 
function 

 
Vehicle type 

y = β1 y = β1 + β2 x y = β1 + β2 x + β3 x 2 

Tank y = 17.945  
r2 = 0 

y = 13.712 + 0.0949 x 
H: β2 = 0 is rejected for α = 0.05 
r2 = 0.3856 

y = 13.816 + 0.0882 x + 0.00055 x2 
H: β3 = 0 is not rejected for α = 0.05  
r2 = 0.3859 

APC y = 24.069 
r2 = 0 

y = 14.099 + 0.0723 x 
H: β2 = 0 is rejected for α = 0.05  
r2 = 0.5022 

y = 10.373 + 0.1333 x + 0.0002 x2 
H: β3 = 0 is not rejected for α = 0.0005  
r2 = 0.5474 

T-810 y = 15.604 
r2 = 0 

y = 13.561 + 0.0282 x 
H: β2 = 0 is rejected for α = 0.05 
r2 = 0.3488 

y = 12.9132 + 0.0525 x + 0.000079 x2 
H: β3 = 0 is not rejected for α = 0.001 
r2 = 0.378 

 



 77

It results from the Table that in all the cases it is convenient to consider the regression function in the form 
y = β1 + β2 x. The regression function y = β1 is too simple, and does not reflect the dependence. The regression function 
y = β1 + β2 x + β3 x 2 reflects the dependence better than y = β1 + β2 x, but the coefficients β3 are statistically unimportant 
and the growth of a multiple correlation coefficient is not that fast as compared with the regression function value: 
y = β1 + β2 x. 

On the basis of the performed analysis we can say that we are able to assess/observe operating history. Owing 
to this fact it is possible to plan and verify maintenance actions or other operation of vehicles. When following the 
analysis results we can also come to a conclusion regarding a type of operation under which a vehicle was run. The 
dependencies found are shown in Fig. 1. 
 

 
Fig. 1. Regression courses of respective vehicles 
 

Taking into account the presented results we can state that there is an objective connection between the amount 
of generated Fe particles and the number of operating hours. In the paper we do not address other interesting elements 
like cuprum or lead. The reason why we did not do it is that during performed analyses we could not verify the 
mathematical dependence of particles generation per operating hour. 
 
5. Conclusions 
 

The aim of the paper is to shed light on the area of tribodiagnostics including the methods which are applicable 
and suitable for oil analysis.  

The data regarding lubrication fluid which is available due to performed analyses is a good source of 
information when considering the cost savings provided the oil is changed systematically [8,9]. It would be also good to 
see the results of the analysis in a broader context as an interesting reflection of an actual state of a technical object 
from where the oil was taken. When taking into account the results of the tribological analysis, the cost savings might 
be manifested as the extension of oil changes time and relating maintenance costs and downtime resulting from object 
unavailability by extraneous causes [3]. Since there is a wide spectrum of suitable methods while analysing an 
immediate state and prognosis (PHM – Prognostics and Health Monitoring), and because the area falls very deeply into 
interdisciplinary studies, the specification of relevant dependencies of the analysis results on a real technical state is not 
at all an easy task to do. 

Having this tool we are capable of understanding the mechanisms of failures better. Such procedures enable us 
to be prepared for coming failures and progression to faults. The diagnostics is cheaper than on-line assets and failure 
mechanisms are determinable in advance. Some specific classifications of failures are also used in relation to risk 
sources and they are recognised due to oil and other life fluids diagnostics [11, 13-15]. 

The results shown in Figure 1 for example demonstrate quite clearly that it is possible to assess the state of a 
system depending on oil data.  It is obvious that a type of a motor data corresponds to the obtained results of the 
analysis and an assumed operating profile. 

We believe that later in our research we will determine recommended optimum period for changing the oil. By 
the help of fuzzy logic [12] we expect to specify our information about operating history or the estimation of remaining 
operating units.  
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Abstract 
 
Behavior of aluminum alloy 2024-T3 by static tensile with additional impulse loading researched. Analytical and 
numerical approach to the creation of appropriate models for describing nonequilibrium dynamic processes that occur in 
this material is proposed. 
KEY WORDS: aluminum alloy 2024-T3, dynamic non-equilibrium processes, dissipative structure, the integral 
Laplace transform, dynamic task. 
 
1. Introduction 
 

In real-life exploitation construction materials are usually subjected to various loads. In most cases, these loads 
are complex or combined in nature. Especially deserve consideration the case when the static component of load 
imposed additional force impulse. In implementing this type of load in the material occur some changes caused by 
external factors. Under their influence initiated by non-equilibrium dynamic processes depending on the size parameters 
of external influence and the conditions of implementation, designed to adapt the material to a new state of conditional 
equilibrium. Under certain conditions of load external energy is completely absorbed by the material and leads to the 
formation of new state structures, the so-called dissipative structures. Newly formed structure (state material) should 
have mechanical properties different from the original, relevant to a new type of load. From the energy point optimal is 
the formation of such structures in a volume material. In turn, this should in some way influenced the overall (global) 
characteristics of the mechanical properties of the material [1-4]. 

Otherwise, when the material cannot absorb this amount of energy for whatever reason, comes the instant 
failure, although the overall load level does not exceed the allowable. 

Changes in the structure of the material in dynamic equilibrium processes authors [5,6] associate with 
significant fluctuations in rates of supply of energy to the specimen material at some point high-speed deformation, 
resulting in a specimen is introduced into the excited state and the energy supplied to the material and  dissipate local 
weak zones. Conducted at this time the volume of experimental research in this area makes a number of quantitative 
generalizations about the influence of dynamic equilibrium processes, which are being realized on account of additional 
impulse loads, the processes of deformation and fracture of materials under repeated static tensile. 

However, to date there are no analytical and numerical models that would be processed in accordance and 
which would satisfactorily describe the behavior of materials under combined loads including additional impulse load. 

In this paper an attempt is made to create the basic approaches for analytical and numerical description of this 
phenomenon based on the original models. 
 
2. Material and test method 
 

The research was conducted on specimens from two side plated aluminum alloy 2024-T3 in the state it was 
supplied. The chemical composition and mechanical properties, according to the manufacturer's certificate are presented 
in Table 1. Flat specimens with dimensions shown in Figure 1, were cut out from the aluminum alloy sheet with a 
thickness of 3 mm thick in the direction of rolling. 

Specimens in Fig. 1a were used to determine the optimal level of preliminary deformation, under which the 
additional impulse load applied and received the maximum deformation of material. Additional impulse loading of the 
specimen was realized on stressed and plastic areas of the fracture diagram. The value of the additional impulse was 
reaching 110-122 kN. The test was performed on the experimental setup [7] and recorded chart stress-deformation on 
the computer hard drive. In Fig. 2b is an example of the chart stress-deformation of combine load compared to 
conventional static loading. 

For the analysis of velocity propagation of deformation wave and stress changes in real time, specimens of 
Fig. 1b were used. The specimens were marked by spray painting with a control tags the movement of which were 
recorded by high-speed camera Fhantom Vision Reseach v711. General view of the setup is shown on Fig 2. 

mailto:vhutsaylyuk@wat.edu.pl
mailto:sulym@pb.bialystok.pl
mailto:ihorturchyn@gmail.com
mailto:pasternak@ukrpost.ua
mailto:Mich@nubip.edu.ua
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Table 1 
The chemical composition and mechanical properties of aluminum alloy 2024-T3 

The chemical composition 
Cu Mg Mn Fe Zn 

3.82 - 4.04 1.75 – 1.77 0.56 0.08 – 0.18 0.16 
Mechanical properties In direct LT 

Rm , MPa R02 , MPa A, % 
459 - 466 339 - 345 21.5 – 24.7 

 

  
a b 

Fig. 1. Specimen for test: test of level of preliminary deformation (a), test of velocity of deformation (b) 
 

  
a b 

Fig. 2. Experimental setup (a) and chart stress – deformation combine load compared to conventional static loading (b) 
 

The recorded deformation on the surface of the specimen, size 25×75 mm was in the real time. Recording 
speed was within the boundaries of 120-300 thousand frames/sec. The received data was recorded on the computer hard 
drive and subsequently was analyzed using software numerical packages. Based on the received data, analytical and 
numerical model of combined load process was proposed.  
 
3. Discussion and results. 
 

For analytical design of the stress-strain state in the specimen used the model perfectly elastic body and limited 
by two-dimensional case of Fig. 3. 
 

 
Fig. 3. Scheme problem in non-dimensional coordinate system 
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Considered rectangular plate with the size of 2 l × 2 h on x1 and y1 respectively. At the moment of time t = 0 
plate load normal force p(t), attached to its ends  y1 = ±h  and directed along the axis y1 . During the load displacement 
ux at the ends  y1 = ±h  are missing, and the boundary surface x1 = ±l are free from load. Input for design non-
dimensional variables and values: 

 2
1 1 1 0 1 2/ , / , / , / , / ( 2 ) /x x h y y h c t h x l h c cτ κ λ µ µ= = = = = = + ; 

In terms of these variables, assuming that the time t = 0 plate was at rest, the problem formulated as follows: 
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 ( , 1, ) 0, ( , 1, ) ( )x yyu x x pτ σ τ τ± = ± = ±  (4) 

 0 0( , , ) 0; ( , , ) 0xx xyx y x yσ τ σ τ± = ± =  (5) 

where ( )τθ ,, yx  is volumetric expansion; ( )τ,, yxux  and ( )τ,, yxu y  are components of the vector of elastic 
displacement. 

Applied to equation (1) the integral Laplace transformation for the temporal variable and finite cos-Fourier 
transform variable y. 

Their simplification is realized by using the theorem on decomposition into simple fractions. For this purpose 
was investigated characteristic equation and its three roots, the value is determined as depending on the load. In the 
particular case two parametric monotonic loading function, which choice of parameters close to the physically realistic 
picture of rapid and smooth (not instant increase in load), the transformation can be wrapped and used to determine the 
stress fields and deformations at any time convergent sum. For possible research and more generally when a permanent 
static load imposed dynamic component, was also worked out the corresponding static solution of the problem. 

Calculations for the four meanings of parameter loading( fig.4), which determines the degree of intensity of 
growth. The results match all conditions of probability. 

For numerical calculations using the dependence of load p(τ) from time to time as: 

 2( ) *(1 exp( ))p p aτ τ= − −  (6) 

For such a load depends on the time the final solution of the initial tasks will be:  
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Fig. 4. Ratio of loading rate on the time 
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For analytical analysis of the stress-strain state in the plate under dynamic additional loading (Fig. 5) solution 
was found: 
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Components of stress tensor calculated by Hooke's law. 
Finite Element Method (FEM) was used to study the stress fields and deformations in rectangular flat plate 

specimens with completely elastic-plastic material with instantaneous impulse load on ends opposite sides. The changes 
in energy (increase monotonically and smoothly reaches its maximum at the time, Fig.6), the energy of deformation of 
the whole specimen (quickly reaches a maximum and then for some time determined by the adaptation and suppression 
of development of the plastic deformation by decreasing slightly and continues change cyclically); the stress wave 
propagation and development plastic deformation in the specimen. The data is physically plausible. In the case of  
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Fig. 5. Lateral strain at a point x = 0, y = 0.8 depending on the speed of loading 
 

 
Fig. 6. Chance energy at the time on static load Fig. 7. Chance energy at the time on combine load 
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strictly purely elastic data of numerical analysis of the results, analysis qualitatively consistent with the analytical 
solution and small quantitative differences are explained by the fact that the load in the analytical solution was not, and 
boundary conditions are somewhat different. 

Fig. 8 and 9 are showing an example of numerical modeling of wave propagation through the change of load 
stress and the development of plastic deformations. Simulation was covering a single rectangular area of the specimen, 
so there exists some difference from the real state registered during the live experiment.  
 

 

 
Fig. 8. Change in the magnitude of stresses and the development of plastic deformations in the distribution of wave 

loading (first stage) 
 

 

 
Fig. 9. Change in the magnitude of stresses and the development of plastic deformations in the distribution of wave 

loading (finish stage) 
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4. Conclusion 
 

Based on the experimental data, it has been proposed analytical and numerical methods of describing processes 
that are realized in the material under the condition of combined loads. Presented models are in satisfactorily agreement 
with the real physical processes and provide an adequate quantitative description of the physics of the process. For 
qualitative analysis of non-equilibrium dynamic processes with help of the proposed tools further revisions taking with 
taking into account the real geometry of specimen and the front of wave propagation. 
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Abstract 
 
The paper proposes new design of cylindrical automated storage and retrieval system (C – AS/RS) with autonomous 
load handling devices. The physical structure, control algorithm and investigation of the impact of load input/output 
position locations to the performance of the system are presented. The C-AS/RS requires complex control algorithms 
and the development of the analytical models is very limited. In this research for investigating system, the simulation 
modelling techniques and statistical analysis methods were used. Multiple regression models for predicting system 
performance measures for different load input/output position locations and retrieval request rates were developed.  
KEY WORDS: cylindrical automated storage/retrieval system, automated warehouse, logistics, simulation.  
 
1. Introduction 
 

Automated storage and retrieval systems (AS/RS) are widely used in the modern warehouses in order to 
increase the overall system reliability, performance and reduce labour costs. Since the first introduction of the AS/RS, 
there have been many different types of AS/RS developed which include pallet and miniload AS/RS [1, 2], carousels 
systems [3], autonomous vehicle AS/RS [4], split-platform AS/RS [5] etc. Each type of the AS/RS has also many 
different system options which are specific to the design requirements. The common issues solved in designing AS/RS 
systems include specifying system physical, equipment parameters and control algorithms [6]. 

Specifying the AS/RS system input/output position locations is one of the important problems to be solved in 
designing such systems [7, 8]. System input/output positions connect AS/RS to the other systems in the warehouse, so 
the optimum connection must be found, which allow achieving the best performance of the AS/RS. This paper 
investigates the new design of AS/RS – the cylindrical automated storage and retrieval system (C-AS/RS) with 
autonomous load handling devices (LHDs) and indentifies the impact of the different locations of the input/output 
positions to the system performance. The proposed C-AS/RS is based on the design presented in [9], but contains the 
independently vertically moving LHDs. 

The C-AS/RS requires complex control algorithms and the development of the analytical models would be 
very complicated. In this research simulation analysis techniques, simulation software AutoMod [10], statistical 
analysis methods and software SAS 9.3 [11] were used for developing simulation model, preparing simulation scenarios 
and result analysis. 
 
2. Design of C-AS/RS with autonomous load handling devices 
 

The design of C-AS/RS with autonomous load handling devices is specified by the system physical 
configuration and control algorithms. 
 

  
a b 

Fig. 1. Design of C-AS/RS: a – physical configuration; b – control algorithms 
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Fig. 1a shows the main physical parts of the system: 
1. Storage rack. Rack contains the number of single compartment storage locations which are arranged in octagonal 

shape in each level (maximum 8 storage locations in each level). Input loads are stored in rack locations and wait 
there until they are required proceed to output. Locations used for load input/output are blocked for storage. 

2. Load input/output positions. Input/output positions connect the C-AS/RS to other warehouse systems. The 
functionality and operation of C-AS/RS is always dependent on the other warehouse systems, so the connection 
configuration is very important.  

3. C-AS/RS with autonomous LHDs. The C-AS/RS is located in the centre of the storage rack and contains a 
number of LHDs which are attached to the central beam. The beam is able to rotate clockwise/counter-clockwise 
and change the horizontal position of each LHD. The design of C-AS/RS allows every LHD access any storage 
location in the rack. LHDs are able to move vertically while the beam is rotating and they are also independent 
from each other (autonomous) in terms of vertical movement. Every LHD can travel in any vertical direction 
(upwards/downwards) without considering the vertical movement of the others. However, the rotation should be 
controlled considering all LHDs as a single unit. 

The system control algorithms define the sequence and rules to perform the operational actions (see Fig. 1b). 
The main actions can be specified as following: 
• C-AS/RS initialization. Initialization occurs every time the system is started and includes the following steps: 
• Step 1. Setup active LHDs. The C-AS/RS has autonomous LHDs which can be switch on/off individually. If the 

LHD is switched off, it is always in the idle state and not used in storage or retrieval operations. 
• Step 2. Setup active input/output positions. The flexibility of every LHD to access every storage location in the rack, 

allows to specify which input/output positions to use in the particular operational scenario.  
• Step 3. Setup active storage locations. For each individual storage location, system allows to specify if it will be used 

in the particular operational scenario. 
• Step 4. Active LHDs are dispatched to the initial level and C-AS/RS is rotated to the initial position. 
• Storage operation. C-AS/RS tries to start the storage operation immediately after the initialization or being called 

from the idle state. In order to start the storage operation, at least one load should be waiting at the system input 
position. If the storage operation is started, it includes the following steps: 

• Step 1. Check the number of available storage locations and create the active storage load list. Configure LHDs for 
the storage pick up so that the operation time is minimized. 

• Step 2. Perform the required rotation and vertical movement actions allowing the LHDs to arrive to the target storage 
pick locations. 

• Step 3. Pick the target storage loads from the input positions. Replicate the Step 2 and Step 3 until all target loads are 
picked by the LHDs. 

• Step 4. Configure LHDs for the storage drop so that the operation time is minimized.  
• Step 5. Perform the required rotation and vertical movement actions allowing the LHDs to arrive to the target storage 

drop locations. 
• Step 6. Drop the target storage loads to the rack locations. Replicate the Step 5 and Step 6 until all target loads are 

stored in the rack locations. As soon as a single LHD completes the storage operation it can configure system for the 
retrieval pick operation and travel to the retrieval pick level. 

• Retrieval operation. C-AS/RS tries to start the retrieval immediately after the storage operation. In order to start the 
retrieval operation, at least one load should be waiting to travel to the system output position. If the retrieval 
operation is started, it includes the following steps: 

• Step 1. Check the availability of the system output positions and create the active retrieval load list. Configure LHDs 
for the retrieval pick so that the operation time is minimized. Retrieval loads are processed using FIFO rule. In most 
of the operational scenarios storage operation Step 6 overlaps with retrieval Step 1.  

• Step 2. Perform the required rotation and vertical movement actions allowing the LHDs to arrive to the target 
retrieval pick locations. 

• Step 3. Pick the target retrieval loads from the storage locations. Replicate the Step 2 and Step 3 until all target loads 
are picked by the LHDs. 

• Step 4. Configure LHDs for the retrieval drop so that the operation time is minimized.  
• Step 5. Perform the required rotation and vertical movement actions allowing the LHDs to arrive to the target 

retrieval drop locations. 
• Step 6. Drop the target retrieval loads to the output positions. Replicate the Step 5 and Step 6 until all target loads are 

dropped to the output positions. As soon as a single LHD completes the retrieval operation it can configure system 
for the storage operation and travel to the storage pick level. 

• Idle state. The C-AS/RS stays in the idle state if there are no storage or retrieval loads available. It is called from the 
idle state as soon as at least one storage or retrieval load arrives to the system.  

 
3. Simulation model of C-AS/RS with autonomous LHDs 
 

The process simulation technique is used for the investigation of the complex automation systems in the 
simulation environment and enables to detect bottlenecks, optimize system performance, test “what if” scenarios and 
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verify system design. Developing the simulation model for the C-AS/RS is an absolute necessity because of the high 
level of complexity of the system. The model was developed using AutoMod software which provides tools for the 
detailed simulation of the automation systems. The flexible model parameters are hourly retrieval request rate 
λout∈ (400, 500, 550, 600, 650, 700, 750, 800), rack level of load input position lin∈ (1, 3, 5, 7, 9) and rack level of load 
output position lout∈ (2, 4, 6, 8, 10), which are used to set up different simulation scenarios and evaluate the effect to the 
system performance measures. The following parameters are fixed in the model: number of rack levels – 10 (all 
distances between the consecutive levels are equal to 0.5 m), number of active storage locations – 72, rack filling level – 
90%, number of active load input positions – 4, number of active load output positions – 4, number of active 
autonomous LHDs – 4, C-AS/RS rotation velocity – 45 deg/s, C-AS/RS rotation acceleration – 90 deg/s2, LHD vertical 
velocity – 2 m/s, LHD vertical acceleration – 4 m/s2, LHD load transfer time – 1 s. 

The C-AS/RS is designed to operate as a “pull system” where the storage load arrival rate is based on the 
retrieval request rate [12]. The simulation starts with the process that fills up the storage with loads up to 90% filling 
level. After some delay time, the retrieval requests are generated at rate of outλ . The selection of the retrieval requests is 
done randomly - the selected retrieval load is put on the active retrieval load list and waits for the retrieval operation 
described in section 2. The storage load is generated immediately after every retrieval request and send to the random 
system input position, where it is put on the active storage load list and waits for the storage operation described in 
section 2. Elevator process storage and retrieval loads using FIFO rule. 

This paper investigates the impact of input/output position locations to the performance of C-AS/RS. Each 
simulation scenario is varied the load retrieval request rate, location of the input position and location of the output 
position. The simulation experiment consists of 275 scenarios and total of 825 runs. Table 1 shows the system 
performance measures considered in this research. 
 

Table 1 
 C-AS/RS performance measures 

Notation Performance measure 
trT  Average percent of time each LHD spent in transferring loads on/off (Ttr·100) 

moveT  Average percent of time each LHD spent in vertical movement and rotation (Tmove·100) 

idleT  Average percent of time each LHD was idle with no operations (Tidle·100) 

waitT  Average percent of time each LHD was waiting to process (Twait·100) 
%100100)( =⋅+++ waitidlemovewait TTTT  

 
4. Experimental results 
 

Simulation experiments were done with all combinations of parameters λout∈ (400, 500, 550, 600, 650, 700, 
750, 800) load input position lin∈ (1, 3, 5, 7, 9) and load output position lout∈ (2, 4, 6, 8, 10). System simulation results 
were analysed with SAS 9.3 software. The initial system simulation setup also included higher values of retrieval 
request rate λout∈ (850, 900, 950, 1000), but simulation results showed that for high values of λout (λout > 800), system 
saturates and achieves its maximum performance limit (100% equipment utilization) for all scenarios, hence results for 
λout > 800 are not considered in this research. In all simulation scenarios for different values of λout, the system was 
capable of operating at defined rate, but the equipment utilization (1 − Tidle) was varying. It is important to identify the 
system configurations with certain input/output position locations which allow achieving the same retrieval request rate 
but with less equipment utilization. 

Fig. 2 shows graphical analysis of system performance measures for all scenarios where lin∈(1, 5). Results for 
performance measures Twait and Ttr depend only on retrieval request rate λout. For different retrieval request rates there is 
no effect of load input/output position locations to the average percent of time the LHD spent transferring loads on/off 
(Ttr) and the proportion increases only with increasing λout. The Twait is not significantly dependent on lin and lout – the 
average percent of time the LHD waited to process the load varies not more than 3% for different values of lin and lout 
for the same λout and value of Twait also increases with increasing λout. 

The greatest impact of changing locations of system load input/output positions can be seen in the average 
percent of time the LHD spent in vertical movement and rotation (Tmove) and average percent of time each LHD was idle 
with no operations (Tidle). System achieves the minimum value for Tmove and maximum for Tidle if the input/output 
positions are located close to each other and as close as possible to the middle rack level (lin = 5, lout = 6), e.g. for 
λout = 800, the Tmove = 44.6% and Tidle = 21.1% (Fig. 2, b). If the input/output positions are close to each other, but they 
are located further from the physical rack centre, e.g. lin = 1 and lout = 2, for λout = 800, the Tmove increases to 50.4% and 
Tidle reduces to 12.8% (Fig. 2, b). The maximum values of Tmove and minimum of Tidle are achieved if the input/output 
positions are separated and located at opposite ends from the rack physical centre (lin = 1, lout = 10) – the Tmove increases 
to 62.9% and Tidle reduces to 1.2% for λout = 800 (Fig. 2, a). 
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a 

 
b 

Fig. 2. System performance measures for different load input/output positions locations lout and retrieval request rates 
λout: a – input position lin = 1; b – input position lin = 5 

 
The outcome of the graphical analysis was used to develop regression equations for the system performance 

measures described in section 3. For the developing multiple regression models, the following distance measures were 
defined: distance between input and output positions – outin lld −= , distance between input position and rack physical 

centre – inlin lnd −+= 2/)1( , distance between output position and rack physical centre – ( ) outlout lnd −+= 21 , 
where nl is the total number of rack levels (distances between all consecutive levels are equal). The best fit multiple 
regression models for predicting system performance measures were built using SAS 9.3 procedure GLMSELECT: 
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All multiple regression models have values of adjusted R-Square ( 2
adjR ) greater than 99%, satisfy regression 

assumptions and show the best fit for the following criteria: Adjusted R-square statistic, Akaike’s information criterion, 
Mallows C(p) statistic, Schwarz Bayesian information criterion [11]. 
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5. Conclusions 
 

In this paper the new design and simulation model of the cylindrical automated storage and retrieval system 
were proposed. The investigation was done on the impact of input/output position locations to the performance 
measures of C-AS/RS – the average percent of time the LHD spent transferring loads on/off (Ttr), the average percent of 
time the LHD spent in vertical movement and rotation (Tmove), the average percent of time the LHD waited to process 
(Twait) and the average percent of time each LHD was idle with no operations (Tidle).  

Simulation result analysis showed that the load input/output position locations did not have the significant 
impact on performance measures Twait and Ttr, which depend only on retrieval request rate λout. The values of Ttr and 
Twait showed very small variation for different values of load input/output positions lin and lout for the same retrieval 
request rate λout. The significant differences can be seen in the Tmove and Tidle for the same λout and different inl  and lout: 
the minimum Tmove = 44.6% and maximum Tidle = 21.1% for λout = 800 are achieved when input/output positions are 
close to each other and as close as possible to the middle rack level (lin = 5, lout = 6), while the maximum Tmove = 62.9% 
and minimum Tidle = 1.2% for λout = 800 are achieved when positions are separated and located at opposite ends from 
the rack physical centre (lin = 1, lout = 10). 

Using the simulation analysis outcome, multiple regression models for system performance measures were 
developed, which showed the best fit for the major regression criteria (e.g. all 99.02 >adjR ) and satisfied regression 
assumptions. Models can be used by the system designers to predict the performance measures for different values of 
lin, lout and λout. 
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Abstract 
 
In article consider diagnosing of set of elements. Construction of ideal model of diagnosing is defined. Such model 
allows having the valid elements in system. Valid elements recognize after testing under programs of the manufacturer 
out of the basic system. 
The optimum model of parametrical diagnosing is considered. The element condition is estimated after transformation 
of a set of parameters in degree of validity. Such construction allows diagnosing systems with fault tolerance without 
carrying out of tests. Tests reduce productivity of system. Use of the conveyor of processing of the information 
increases productivity of subsystem. Coverage of the maximum set of parameters will be the requirement to 
parametrical diagnosing efficiency. 
KEY WORDS: diagnostic, diagnostic subsystem, faulty localization, parametrical methods of diagnostic, model of 
diagnostic subsystem, replacement speed, periodicity of validation, degree of validity, set of parameters, limit checking, 
state function, normality factor, conveyor for data processing, penetration depth of method. 
 
1. Introduction 
 

Importance of diagnostics for systems grows and is caused by possibilities of subsystem. New systems include 
diagnostic tools for condition definition. It is supposed that the system executes the special tests which results give the 
information on a system condition. 

The primary goals of diagnostics are detecting of faulty, localization of faulty, and a system reconfiguration. 
Individual question is diagnosing for system with faulty resistance and tolerance, masked faulty detection, also out-of-
date equipment.  

Development of diagnostic system model assumes universal application. Also diagnostics orientation on 
possible actions takes place to be. At construction of systems of diagnostics demands about application of those or other 
tests can be made. 

Theoretically object of diagnosing describe the maximum quantity of tests and a priori results of tests. 
Discrepancy between apriority and practically results assumes a disabled status of system. Presumably on testing the 
system should be excluded from functioning process. Exception time depends on completeness of testing. 

Introduction of progressive maintenance technology of service on a real status assumes diagnosing of a relay 
part of system of railway automatics and telematic. Use above the considered functional testing cannot give effect as 
does not assume detecting of a critical state of element. Diagnosing on the out-of-date equipment is effective if offers 
the information on necessity of replacement for element with wearing, that protects from sudden failure and increase 
time between element replacements. The moment of replacement is optimized.  

In a case with out-of-date equipment the necessary effect is reached at use of parametrical methods of 
diagnosing. It demands research of elements for the purpose of definition of parameters and value of parameters which 
analysis allows detecting a normal critical or disabled status. 

The further actions by results of parametrical diagnosing depend on character of change of parameters.  The 
information direction defines reaction speed of staff.  It is directed for fast reaction to maintenance staff and for timely 
to technical support staff. 
 
2. Model of diagnostic subsystem 
 

Increase of efficiency of subsystem of diagnosing assumes use of a limited number of authentic tests. The 
greatest interest represents carrying over of procedures of acknowledgement of the validity which are used by the 
manufacturer or the developer for the production. 

Thus parametrical diagnostics does not use symptom expectation, and operates on creation of a stream of the 
information on conformity of an element to the valid. 

The effect is reached in division of functioning and diagnosing in two parallel processes (Fig. 1). For this 
purpose the element is taken from system and changes on the valid analogue. Time of extraction & replacement is less 
than time for carrying out of a set of tests. In system the valid analogue functions. 

Replacement speed:  
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 Speed replacement → ∞ (1) 

Frequency of extraction & replacement: 

 F replacement = const (2) 

Frequency of extraction & replacement is defined by time for validation. 
Periodicity of validation: 

 ( ) 12 −= treplacemen
validation

min FT  (3) 

Periodicity defines speed of updating of a stream in system about the element validity. 
 

   
Fig. 1. Optimal structure for diagnostic  Fig. 2. Real structure for diagnostic 
 
 

At optimum structure result of diagnosing is degree of validity DV. 
Functional diagnosis result: 
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Parametric diagnostic result: 

 ( )








−
±
+

=
validtisn'elementif1

validquasiiselementif0
validiselementif1

PrmDV  (5) 

In case of negative result of diagnosing DV = −1, then valid analogue remains in system. The termination of 
replacements specifies in necessity of service. 

Such construction provides the valid elements in system.  
 
3. Diagnostic subsystem 
 

Diagnosing of out-of-date equipment (Fig. 3) assumes division of elements into two groups. Covered by 
diagnostics, that is we will apply criterion of a critical condition and replacement on a real condition and not covered, 
that is replaced periodically. 

Relay supports design by certain principles and elements have strictly certain place on rack. Simultaneously 
parametrical diagnostic give localization of faulty. The tables are best kind of representation of the information in. 

Let's examine the table of faulty on [1]. 
The table corresponds to functional diagnosing on execution of {π1, π2, …, πj, …, πn} tests. Localisation 

demands additional decoding of the information. Offered in [1] approach will not be optimum at use on a relay part of 
system of automatics and telematic. The result j

iR  does not contain the information on the validity of a concrete 
element. There are no assumptions of revealing of a critical condition. 

Use of degrees of validity DV will allow passing to service on a condition, for elements captured by 
diagnostics. 

Boolean algebras values are used in [1], where the result 1=j
iR  is put for faulty state and 0=j

iR  for a normal 
state. 

Use of degrees of validity DV(m, n) defines result in three possible values +1, ±0, −1. 
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Fig. 3. Diagnostic object 
 

Table 1 
Tests & system states 

Tests S0 S1 S2 … Si … Sk 
π1 

1
0R  1

1R  1
2R  … 1

iR  … 1
kR  

π2 2
0R  2

1R  2
2R  … 2

iR  … 2
kR  

… … … … … … … … 
πj jR0  jR1  jR2  … j

iR  … j
kR  

… … … … … … … … 
πn nR0  nR1  nR2  … n

iR  … n
kR  

πj – test of  j-type;  Si – system state for  i-faulty;  j
iR  – result for after test of  j-type. 

 
Table 2 

Degree of validity 

El. 0 1 … n … N 
0 DV(0, 0) DV(0, 1) … DV(0, n) … DV(0, N) 
1 DV(1, 0) DV(1, 1) … DV(1, n) … DV(1, N) 
2 DV(2, 0)  DV(2, 1) … DV(2, n) … DV(2, N) 

… … … … … … … 
m DV(m, 0)  DV(m, 1) … DV(m, n) … DV(m, N) 
… … … … … … … 
M DV(M, 0) DV(M, 1) … DV(M, n) … DV(M, N) 

 
 
4. Transformation of a set of parameters on state function value  
 

Process evaluation defines the values of parameters Y(t) received by results of measurements. Values have to a 
change range, a change direction (+) or (−), speed of change (Figure 4). 

It is an essence of a commonly used method of value checking [2]. 

 Ymin < Y(t) < Ymax – limit of values checking (6) 

 0 < Ẏ(t) or Ẏ(t) < 0 – trend of change checking (7) 

 Ẏmin < | Ẏ(t) | < Ẏmax – speed of value change checking (8) 

Method demands measurements with high accuracy. For this purpose improvement of the relation a 
signal/noise, a filtration, statistical processing is necessary. Method accuracy demands use signals after preprocessing. 
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In case of stochastic processes when the variable parameter Yi(t) has probability density p(Yi), a mean value μi 
and a dispersion σi. The method of limit checking of limits uses expressions [2]: 

 μ0 ± Δμ, σ0 – mean of value checking (9) 

 μ0, σ0 ± Δσ – dispersion checking (10) 

 μ0 ± Δμ, σ0 ± Δσ – mean & dispersion of value checking (11) 

Efficiency of a method defines also which parameters are measured. Optimization of diagnostic subsystem 
demands definition of measured parameters which directly characterize object. From the developer it is required 
definitions of unique parameters of object. 

If unique parameters are not defined, then it is necessary to conduct supervision for maximal possible quantity 
of parameters or set of parameters.  It defines penetration depth of diagnosing. 

Filling of the table of results assumes transition from validity degree DV(m, n) to state function SF(m, n). 
The graphic explanatory reception of state function SF(Prmi) for unique parameter Prmi is shown on a Fig. 5. 

 

 
Fig. 4. Checking of values limits & trend of changes 
 
 

 
Fig. 5. State function 
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The parameter in subsystem is described through dimensionless values of relative departure factor or relative 
normality factor. 
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where Prmi – checked parameter; SF(Prmi) – state function for i-parameter; RDFi – relative departure factor. 
Specify concept of relative departure factor: 

 (Prmnom. − Prm ≤ Prmnom. − Prmmin.) → (1 ≥ RDF(−) ≥ 0 & RDF(+) = 0) (13.1) 

 (Prm − Prmnom. ≤ Prmmax. − Prmnom.) → (RDF(−) = 0 & 0 ≤ RDF(+) ≤ 1) (13.2) 

where Prmnom. is nominal level of parameter; RDF(−) is relative departure if level of parameter decrease; RDF(+) is 
relative departure if level of parameter increase. 

Relative departure factor expression for calculation: 
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Then record of parametre for diagnosing, as which it is possible to consider as initial conditions: 

 Prm = [Prmnom. ; Prmmin. ; Prmmax. ; RDF(−) ; RDF(+) ] (15.1) 
or 

 Prm = [Prmnom. ; ∆Prm(−) ; ∆Prm(+) ; RDF(−) ; RDF(+) ] (15.2) 

when ∆Prm is changes value of parametre which corresponds to the admissible and which is not reflected in system 
functioning. 

In the absence of unique parametre it is used conditionally logic expressions for definition of value of state 
function SF(n, m): 
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where I is quantaty of parameters; SFi is state function of i-parameter; ∏ =
I
i iSF1  is result of multiplication of I state 

function; ∑ =
I
i iSF1  is result of summation. 

 
5. Results processing and information direction 
 

Filling of the table of statuses assumes the organisation of the conveyor of processing of values of function of a 
status. Conveyor normalises processing time as processing time does not depend any more on quantity of observable 
parametres (Fig. 6). 

Here plays a role optimisation of subsystem for achievement of the maximum factor of availability at 
minimisation of expenses of service as value of function of a status of an element will define an information transfer 
direction (Fig. 7). It in turn defines time of reaction of services depending on speed of change of departure factor. 

Statistics about a system status in qualities of an example the program code is resulted: 
Wait Data processing... Proccesing Rezult stored. Ok! 
Element[1][1] wait for maintemance...  
Element[1][2] is breaked...  
Element[1][3] is breaked... 
Element[2][1] is breaked... 
Element[2][2] wait for maintemance... 
Element[2][3] is normal... 
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Element[3][1] is breaked... 
Element[3][2] is breaked... 
Element[3][3] wait for maintemance... 
Statistics: 
Normal elements 11 % 
Maitenancy elements 33 % 
Breaked elements 55 % 
Succesfully! 
 

   
Fig. 6. Conveyor for data processing  Fig.7. Information transfer direction 
 
6. Diagnostic example 
 

Example, diagnostics of the pulse relay. The pulse relay the repeater is used in systems of railway automatics 
in the site of the automatic locomotive alarm system.  

Intensity of work assumes achievement of a critical status for one year. Basically reason of replacement of the 
pulse relay is wearing of contacts and an antimagnetic hardening of an anchor. Hardening defines a gap between an 
anchor and the core. 

The set of parametres of the relay is shown on a Figure 8. The basic interest is represented by a detection of 
state funktion of electromechanical system of the relay. Authors have conducted research of transient phenomena on the 
core for the purpose of definition of influence of effect of dynamics of an anchor. Dynamics of an anchor is shown on 
Figure 9 at the moment of off- time t5. This time poin is uniqe parameters for electromechanical system of relay. 
 

 
Fig. 8. Set of parameters of relay 
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Fig. 9. Transient process on coil of relay 
 

 
Fig. 10. Diagnosed parametres of the relay 
 

Comparing set quantity of parametres (Fig. 9) and diagnosed parametres of the relay (Fig. 10), reached 
penetration depth of a method of timebased diagnostics of the relay: 

 ( ) %35%100
17
6%100 ≅⋅=⋅= ΣPrm

PrmPrmPD
D

 (19) 

where PD(Prm) is penetration depth of method; PrmD is quantaty of diagnosed parameter; Prm∑ is quantaty of 
parameters in set. 
 
7. Conclusion 
 

The model of subsystem of parametrical diagnostics of an out-of-date relay part of system of automatics and 
telematics is considered. Such approach demands studying of elements of equipment for the purpose of a finding of 
unique parametres. Tracing of unique parametre one leads to subsystem optimisation. 
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Abstract 
 
In article the measurement method of internal resistance of the battery is considered. The method is based on knowledge 
of influence of a mode of the battery on internal resistance. The prediction of residual capacity of batteries demands 
accuracy of an estimation of this parameter. In article it is analyzed the reasons of measurement deviation. 
In article is considered increasing of accuracy of measurement if used a testing point to all batteries of one type. The 
testing point provision by tracking generator of loading is considered on simulation level. In this article considered 
simulation shows positive result of load tracking and influence of variability of loading is excluded. It is shown that 
loading change under the trapeze law is optimal from the noise side. 
KEY WORDS: battery, servicing and maintenance of battery, energy of battery, efficiency of energy transformation, 
residual capacity of battery, self-discharge, voltage of battery, internal resistance, model of battery, HiTESTER, point 
of connection, mode of battery, duality of mode, point of testing, tracing load generator, simulation of load tracing, 
laws for load tracing, TINA 9. 
 
1. Introduction 
 

Use of batteries by rather commonly used approach of uninterrupted operation guarantee for power supplies. 
The battery type (BAE, Sonnenschein) defines requirements to technology of the maintenance and servicing. The 
correct choice of technology defines battery life and preservation of guarantees of the manufacturer. 

Development of systems directed on an exception of servicing process. The information on a condition of 
batteries is necessary for UPS involving in diagnosing process.  

Industrial UPS contain circuits for battery current and voltage, on charge or discharge time, measurement. 
Processing of results of measurement allows defining condition of battery indirectly. More reliably the condition is 
defined by the personnel on measurements of internal resistance. In certain cases, for measurement carrying out, battery 
it is disconnected. Switching-off battery breaks power system. It is necessary to notice that as correct wrong actions on 
UPS inclusion can lead to damage, as source, and battery in reserve. Measurement of internal resistance demands the 
prepared personnel and corresponding hardware maintenance.  

At the centralized arrangement of equipment the estimation of a condition of the reserve battery is made 
without essential infringement of uninterrupted operation At decentralized an equipment arrangement, a considerable 
quantity of objects, the big area occupied system, as a whole, taking into account the limited quantity of the personnel 
definition of a condition of N quantity battery is enough labor-intensive process. Moving of expensive equipment thus 
is required. 

Taking into account all above stated, automatic measurement of internal resistance without inclusion of the 
battery and personnel attraction represents a great interest. 
 
2. Energy of battery 
 

Process of charge of the battery is based on electric energy transformation into chemical energy and at the 
discharge chemical energy is transformed in electric energy. 

Efficiency of transformation of chemical energy during charge time Т in electric energy from Gibbson-
Gejmgolc is estimated by expression (2.1) in [6]: 

 [ ] ( ) ( )∫ ⋅=⋅
T active

masechargeuseful ttHEtIE
0

dsW  (1) 

Energy spent for a charge of the battery during charge time Т is defined as: 

 [ ] ( ) ( )∫ ⋅+=⋅
T charge

batterychargeinitialcharge ttUtIEE
0

dsW  (2) 

 
where Einitial is initial energy; ( )tHEactive

mase  is thermal effect of reaction of active mass; ( )tU charge
battery  is voltage on the battery 
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during charge process; Icharge(t) is a charge current. 
The stored energy estimated through capacity Cbattery [A·hour]: 

 ( )min
battery

possible
discharge

possible
discharge

nom
batterybattery

nom
batterybattery UtIUCUE ⋅⋅=⋅=  (3) 

where possible
dischargeI  is possible discharge current limited during possible

discharget  time; min
batteryU  is the battery minimum voltage.  

At battery using the residual capacity depends from value of discharge and self-discharge currents and battery 
active mass temperature: 

 ( ) ( ) ( ) ( )[ ]∫ +−=
possible
discharget self

discharge
load
discharge

initial
battery

residual
battery tTtItItCtC

0
d,  (4) 

The stored energy is spent in the form of direct current energy on time interval τ1 + τ2 : 

 ( ) ( )[ ] ( )∫ += 2

1
d,

τ

τ
ttUTtItIE battery

self
discharge

load
dischargedischarge  (5) 

Voltage on battery in discharge time: 

 ( ) ( ) ( )[ ] ( )tRTtItIUtU int
self
discharge

load
discharge

nom
batterybattery ,+−=  (6) 

where Rint (t) is internal resistance of the battery (Fig. 1). 
In an ideal, the problem of detection of the battery condition consists determination of residual capacity 

residual
batteryC  (4) that demands an estimation of initial capacity initial

batteryC , and estimation of internal resistance Rint (7) after 
load
dischargeI  and Ubattery measurement. 

Practically, internal resistance Rint (7) is commonly used unique parameter defining for battery condition. 
The battery condition feasibly defines: 

1. Internal resistance Rint estimation after completion of initial capacity initial
batteryC  to nominal Cbattery taking into account 

the energy transferred to the battery Echarge . 
2. Estimation of internal resistance Rint changes taking into account the expense of the stored energy Edischarge at known 

dependence ( )int
residual
battery RfC =  (Fig. 2), does not demand an estimation of initial capacity initial

batteryC . 
 
3. Internal resistance of battery 
 

Internal resistance is the battery characteristic, caused by a condition of chemical and physical elements, and 
defines ability of the battery to transfer in loading energy of a direct current (5).  

Internal resistance of the battery at the moment time τ is defined as: 

 ( ) ( )
( ) ( )TtItI

UU
tR self

discharge
load
discharge

battery
nom
battery

int ,+

−
=

τ
 (7) 

The estimation of self-discharge current ( )TtI self
discharge ,  (7) demands not loaded battery supervision 

( ) 0=tI load
discharge  during long time. Self-discharge current can change depending on conditions of measurement and a 

battery condition. 
Thus a condition of reduction of influence of a self-discharge current at estimation of internal resistance: 

 ( ) ( )TtItI self
discharge

load
discharge ,>>  (7.1) 

Assuming inert properties of the battery, i.e. an invariance of internal resistance on a small time interval 
Δt = τ2 − τ1 : 

 Rint(τ 1) ≈ Rint(τ 2) (7.2) 
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Fig. 1. Model of the battery of a direct current 
 
 

Expression (7) will be transformed to expression (8): 

 ( ) ( ) ( ) ( ) ( ) ( )11122212 ,, ττττττττ battery
load
dischargeintbattery

load
dischargeint UIRUIR +⋅=+⋅  

 ( ) ( ) ( )
( ) ( )12

21
12 ,

ττ
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ττ load

discharge
load
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batterybattery
int II

UU
R

−

−
=  

 load
discharge

battery
int I

U
R

∆

∆
=  (8) 

where ΔUbattery is voltage change on the battery, caused by current discharge load
dischargeI∆ . 

 
4. Assessment of internal resistance of battery  
 

The estimation of internal resistance is offered for A400 type of batteries which are used on the Latvian 
railway. The estimation is spent(lead) by results of measurements using HiTESTER HIOKI 3550 [3].   

The battery condition is defined as normal if the condition (9) is satisfied. 

 mΩ00.12...00.8≈normal
intR  (9) 

Result of an estimation: 

 mΩ25.81 ==
∑ =

N

R
R

N
n

n
intmean

int  (10) 

where mean
intR  is mean value of internal resistance; storage

batteryU  is voltage of battery on measurement time; n is number of 
battery; N is total number of batteries. 

Deviation of measurements: 

 mΩ6.1
2

=
−

=∆
min
int

max
intmeasured

int
RRR  (11) 

where max
intR  is  maximal result of measurement; min

intR  is minimal result of measurement. 
Accuracy of the given estimation is low: 

 %4.19mΩ25.8 ±=estimated
intR  (12) 

Low accuracy is defined with technology of carrying out measurement without switching-off, absence of the 
fixed points of connection of equipment, a principle of action of the chosen measuring equipment. 

The battery number, the measured internal resistance, pressure (voltage) on batteries at the moment of 
measurement are represented on a Figure 2. 

The analysis of curves of pressure (voltage) and internal resistance shows absence of dependence: 

 ( )storage
batteryint UfR ≠  (13) 
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Fig. 2. Curve for battery Rint & storage
batteryU  

 
 
5. Influences of changes in loading 
 

Battery basic purpose on railway automatic and telematic system support of a power. In this mode battery is a 
source of a direct current. 

Duality of the battery – hypothetically, a different values of internal resistance in a source mode, power 
support, and in a loading mode, power consumption (Fig. 3). The exception of influence of duality and loading changes 
is reached by use of a point of testing (Fig. 4). 
 

Ubattery

Icharge

Unom.

Iload

Umax.

Unom.

Umin.

ΔIload           ≠           ΔIcharge

ΔU

ΔU

Source mode Load mode  
Fig. 3. Duality of battery modes 
 
 

Appointment of the tracing generator of loading in achievement of a point of testing, easing of influence of 
changeable character of loading, a manipulation loading that provides increase of accuracy of an estimation of a 
condition of the battery to internal resistance in a source mode (Fig. 4). 
 

 
Fig. 4. Point of testing 
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6. Simulation 
 

Check of functioning of tracing generator of loading TLG which is a new element in technology of 
measurement of internal resistance of the battery under loading [5], was spent with use TINA-TI V9 of a simulator from 
Texas Instruments for 12 V battery, with internal resistance 10 mΩ. 

As the mixed loading also it is used TLG with special setup. This TLG setups 1 А 5.3 Hz triangle form loading 
plus 1 А 5.0 Hz sinusoidal form loading plus 5 А direct current (Fig. 5). 

Action of the watching generator cuts out a variable component of load and increases a constant component to 
point of testing, it is 7 А (Fig. 6). 

Presence of peaks defines the law of tracing of loading. 
Use of the trapezes (Fig. 7) for loading tracing allows offload from peaks. 
The full scheme of a simulator is resulted in Figure 8. The watching generator of loading <Amp1>, <Amp2>, 

<VT>, <CS1>, <CS2>. Action TLG (Fig. 6, 7, 9) generates peaks of load current that first of all is depended from 
reaction speed of TLG feedback 
 
 

 
Fig. 5. Differences a signal on <Amp> output and a pulsation on the battery 
 
 

 
Fig. 6. Action of the watching generator of loading 
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Fig. 7. Action of TLG during measurement at use multiplication 1A 
 
 

 
Fig. 8. Load tracing on trapeze law 
 
 

 

Fig. 9. Simulation full circuit 
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7. Conclusion 
 

The monitoring of a condition of the battery demands supervision of several parameters. The method of 
measurement of internal resistance is universal and can be used in the UPS, as a part of the monitoring scheme for 
condition of the storage battery, or in handheld equipment. 

Integration of TLG into the UPS is necessary for automatic measurement. It is necessary to note, the method 
does not demand for the big computing capacities. The method allows defined condition of battery without switching-
off from the UPS. 

At method realization it is necessary to consider: action of the TLG reduces capacity of battery; performance 
of a condition on discharged battery demands multiplication factor increasing, i.e. reduction ∆I, or increases for speed 
of the management circuits of TLG. 
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Abstract 
 
Every new technology or system during implementation into particular manufacturing environment encounters variety 
of different problems and barriers, even when this implementation finally would lead to presumable better performance. 
This situation is very common in the implementation of LEAN system. LEAN is reduction of waste in work process, 
increment of production and reduction of manpower, not only through technical measures but also by employing 
motivation of personnel, by establishing LEAN thinking and by performing rigorous researches. These non-technical 
attributes of LEAN are main factors, which add additional problems compare to conventional new technology 
implementation. In this article main problems in general LEAN application and in Lithuanian industry discussed. 
KEY WORDS: new technology, manufacturing system, LEAN production. 
 
1. Introduction 
 

Basic principles of the LEAN production are represented in detail in variety of different references [1], [2], and 
[3]. There are two main definitions of the LEAN production [2]: “LEAN is the system that uses zero inventories 
produces zero defects and can offer endless product variety”. The second definition comes from comparison between 
LEAN (Toyota production system) and mass production: “LEAN production is lean, because it uses less of everything 
compared with mass production – half of the human effort in the factory, half the manufacturing space, half the 
investment in tools, half the engineering hours to develop a new product in the half the time”. Variety of LEAN system 
tools [3], based on LEAN thinking are introduced for reduction of waste, reduction of manpower and improvement of 
quality. To sum up results, of implemented system are outstanding and nearly perfect and companies in every industry 
are very attracted by these results and are anxious about instant implementations since LEAN became internationally 
known production system [2]. During decades of implementations, only few of them could be represented as successful 
[4]. Even in Japan, only 20 % of companies have already implemented LEAN [5] and in the western companies the rate 
of successfully implemented LEAN methodology is even lover. In Lithuanian industry, LEAN is known only by few 
companies at all. Some companies report about attempts to introduce LEAN, but and there is no clear distinguishable 
information about successful long lasting implementations. The goal of this project to investigate problems which 
determine, that implementation of LEAN system is so inefficient in general and in Lithuanian industry. First of all we 
go through prerequisites of the birth of conceptual LEAN system, later on, we study the major shortcomings of LEAN 
system and finally we review the implementations regarding prerequisites and shortcomings. 
 
2. Prerequisites of LEAN system 
 

Introduction of the new systems, technologies is performed in two main ways: naturally, when current situation 
requires something new; compulsorily, when the new is introduced under compulsion by management. The distinction 
between those to is not so easily defined and sometimes it even might be interchanged, but the aim of this distinction is 
to identify, when management shows the proper strategy for pre-motivated operators and when management imposes 
some new supplements, on unmotivated operators, which do not require nor need any changes. This distinction becomes 
remarkable when we start to study the birth of the LEAN production in the Toyota in fifth decade of twentieth century. 
To understand properly the specific of the LEAN production and the necessary conditions for this system to work in 
reality, the very beginning of this system in Toyota motor company and pre-situation in Japan will be analyzed. After 
WWII, the situation in Japanese economy and market could be summarized by these major remarks [2]: 
• Japanese automotive market was relatively small, but it required very big variety of different automobiles: from 

small car to truck, from luxury car to cheap mid class automobile.  
• There were almost no immigrants from other countries to be treated as cheap labor force. Native workers have no 

will to be as cheap labor force as well, moreover, the right of employer to lay off workers was very restricted even in 
slow economy periods and the distinction between operators and administration eliminated.  

• Japanese companies were devastated after the WWII, and the economy needed the capital investments, therefore to 
buy new production technologies from the West was not possible. 
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• Other motor companies were ready to establish their factories in Japan, thus filling Japanese market and also 
protecting their own markets from possible Japanese competition. So, Japanese government forbid direct investments 
to Japan of foreign motor companies 

This common situation was supplemented by strike of the workers at the Toyota factory and the worker union. 
Strike end up with compromise between employer and workers and the achievements could be pointed out by following 
aspects: 
• The president of the company took the responsibility of failure and crisis and resigned. 
• Even quarter of the workers were released, remaining workers were granted with lifetime employment and the 

Toyota 
• The salary of the workers was connected to the seniority not to efficiency, and also connected to company’s profit. 

The variety and interchangeability of work assignments were also agreed by the workers. 
• To sum up, workers and the administration of Toyota became community.  

So finally we can eventually see that in the beginning there was need, which is emphasized by Toyota 
production system (TPS) founder T. Ohno [1]. There was a need for new production system, which in Toyota case, was 
opposite to mass production widely adopted in the western companies. Therefore, we can clearly see that TPS 
developed naturally, without compulsory measures from the management, so each step; each technical measure was 
accepted by workers as the better way for mutual benefit.  

Coming back to nowadays and to those companies implementing LEAN, fundamental prerequisites of the 
LEAN production system could be distinguished: 
• As the T. Ohno states: “The key to progress in production improvement, is letting the plant people feel the need” 

This need is the background of the improvement in the Toyota even today [1] 
• Management and workers both should be motivated and even pre-motivated for the new production introduction. 
• Distinction between operators and administration should be eliminated; company should be as the community 

without or at least minimal adverse attitudes between employer and workers. 
• LEAN is intelligent methodology, need for intelligent decisions and understanding from management and workers 

that LEAN is continuous improvement guaranteeing no instant profit. 
Since LEAN developed from TPS [2], it also deteriorated from initial principles, which actually determined 

this system and it became possible to use this definition to almost any process improvement. Furthermore, the Toyota is 
changing, the LEAN is changing also, depending on market, economical or even social conditions, therefore definitions 
of LEAN is also changing and it is hard to find one correct definition and this difficulty confuses researches, who are 
studying LEAN system [6]. In this case, we study LEAN mostly on initial concept, which developed from represented 
prerequisites. 
 
3. Initial shortcomings of LEAN system 
 

Since LEAN was created in Toyota, particular automotive industry company, it means that it was not created 
in abstract [5]. This supposes the first major drawback. It means that TPS tools could not be applied directly to other 
industry and the main tools and measures is suitable only for automotive industry. It means, that unchecked 
implementation would result no expected improvement in particular company outside automotive industry even in 
supply chain on automotive parts. Next thing to be identified is fragility of LEAN system [2]. This fragility comes from 
the quality and precision of delivery. Stockless production would halt if delivery turns up to be faulty. Redelivery would 
also increase cost and consume amount of time. Halted production would stop deliveries to customers and results could 
be catastrophic for the company. Stockless production determines other problem. LEAN works fine, when market is 
stable. When demand is stable, deliveries are adjusted and JIT and other LEAN techniques work fine. But unexpected 
increase in demand could result incapability to satisfy customer needs, thus losing profit.  

So, LEAN is also not compatible with cyclic economy [2]. Since the manpower of true LEAN system is fixed 
cost, they could not be easily released during slow periods. Having personnel as variable cost, one of the important 
prerequisites of LEAN is lost and thus motivation is not guaranteed.  

Each producer nowadays performs the final assembly mostly and required components are being bought from 
other companies. In LEAN case we have LEAN supply chain [2]. This chain consists of companies connected with each 
other by LEAN principles. This is in Japan in Toyota and in the other Japanese auto companies. Failing to create this 
LEAN supply chain would result unstable demand, fluctuation and thus LEAN will not work or work only in certain 
companies in the supply chain.  

To conclude shortcomings, we state that LEAN need stability from any factor defining and determining 
production. It needs stable demand, stable market, stable people working in the LEAN factories, thus keeping 
continuous improvement and even process. Additionally, we can emphasize, that LEAN does not prevent company 
from bankruptcy if demand or market share is lost.  
 
4. General problems of implementing LEAN 
 

Japanese production system was firstly taken to account after their successful and aggressive introduction into 
the western automotive market [2]. Because of the fact, that their success was based on specific production system, 
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companies in the West should have started something to cope with Japanese invasion. But the initial situation is totally 
different to compare with the situation in Japan and the beginning of the LEAN production. Summary of situation [2]: 
1) western governments imposed trade barriers for the Japanese companies, but did not block direct Japanese 

investment;  
2) western auto industry was able to get financial support from the national governments;  
3) mass production relations between management and workers, workers considered as cheap labor force or variable 

cost. 
After summarizing the initial western situation, we can see that trade barriers did not stop Japanese and 

government support to the companies prevented the major prerequisite of LEAN – the need. Only academic researchers 
[2] were talking about the need of new system, but not managers of the major companies or unmotivated employees. So 
we can distinguish the first major problem of implementing LEAN: the lack of united need of improvement. One can 
say that management always need to improve performance and profit, but workers has some other needs and thus there 
is no united mutually accepted need, that impedes any implementation especially the LEAN.  

Another difference is the nature of the mass production and its attitude towards workers. In mass production 
workers are treated as variable cost that could be easily released it is very difficult to guarantee the motivation of the 
workers. Without this motivation, the distinction between workers and management persist and it becomes impossible 
to create company as community (not surprisingly there are successful LEAN implementation examples in health care 
institutions, where the prerequisite of company as community is satisfied and for the doctors is easier to understand the 
basic principles of LEAN than for the unmotivated shop-floor workers in mass production factory). So the distinction 
between management and workers as well as failure to construct company as the community could be emphasized as 
significant problems of LEAN implementation. This problem was also encountered and emphasized in [8] 

During the decades of evolutions of mass production, number of process improvement tools and techniques 
were introduced such as MRP, CAD, CAM, CIM, CNC and etc. The major aspect about these improvements is the 
instant profit after implementing the system. It does not matter if it takes one month or one year, the results are achieved 
instant after implementation. This thinking is not compatible with LEAN, because it violates the prerequisite of 
continuous improvement. If LEAN is given a rapturous welcome with the expectation of instant profit, the 
implementation would flaw, and thus we see lots of companies claiming that LEAN fails or is difficult to sustain [7]. 
Naturally, some kind of profit could be expected after implementation of certain LEAN tool, but this short term profit 
can not be perceived as the ultimate goal of the LEAN. This misconception of the LEAN system initially is also the 
remarkable problem of implementation.  

To go further with the diffusion of the LEAN production, we encounter not only rapturous welcome, but huge 
resistance as well. The lean production is not generous production. It means that after introduction, some of the workers 
have to work more and more difficult, and the other part of the employees has to be laid off. This means, that LEAN 
does not create new jobs, it reduces them causing unemployed people and this could not be appreciated by the 
government. The result of successful LEAN implementation does not suggest that it would be easier to work and gain 
profit, but conversely, it would require more effort, more motivation and more responsibility. Also, LEAN should 
destruct current hierarchical structure of the mass production, through equity and information sharing, responsibility 
dispersion. In short, it changes the work from workers to managers. According to [8] this is the major obstacle in LEAN 
implementation and sustenance. 

Finally, LEAN is resisted due to Japanese factor. Because it is something strange, unaccepted and thus should 
be resisted. Also, this contains some specific cultural factors of Japan and Toyota [9], but according to research [2], 
LEAN is possible outside Japan and outside Toyota as well. So the resistance of local or current companies or even 
some management or personnel in the company should be added to the list of LEAN implementation problems. 

Obviously, the set of the problems, which prevent successful LEAN implementation, comes from objective 
reasons directly connected to the shortcomings of the LEAN itself. Even automotive industry has totally different 
outcomes of LEAN implementation. One can ask why LEAN production does not provide superior performance to 
automotive giants like General Motors. Beside the fact, that GM violates almost all prerequisites of LEAN production, 
it has to cope with cyclical US economy. US car market was cyclical up to 1990 [2] and it keeps to cyclic and not stable 
so far [10]. So the implementation of LEAN in GM becomes hardly possible. Unstable demand creates problems for 
stockless production so reducing stock causes problems of delivery precision [11]. Huge problems even on Toyota 
deliveries were encountered, after tsunami hit Japan in 2011, so the customers were discontent [10] and superiority of 
Toyota slightly deteriorated and slight part of market share was lost to non LEAN competitors. There are more reports 
[11] and [12], about LEAN failure in cyclical economy, when demand is unstable. Without going deeper into these 
researches we can conclude, that cyclical economy and unstable demand is also major obstacles in the LEAN 
implementation. 

When we go to the LEAN supply chain, we encounter another drawback and lack of universality of LEAN 
system. As it is said previously, for the LEAN to work, all members of the supply chain should be LEAN as one 
community. Failure to do this, would lead to no or only limited success of LEAN system. As we know from the [2], 
western mass producers have totally different attitude towards suppliers than their Japanese competitors. Even when 
western automotive assemblers implement JIT, their suppliers have to keep huge amounts of safety stock to satisfy the 
assembler demand, and this problem blocks those suppliers from becoming LEAN [12]. Suppliers can cut their stocks, 
but this would result inability to satisfy assembler demand and later cause lost contract with the assembler [11]. 
Therefore we can state final conclusion, as it was reported in [8]: “A company can only become as lean as its suppliers” 
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If suppliers fail implement LEAN, assembler is also blocked for the LEAN implementation. So the lack of interaction, 
lack of communication and mass production thinking and relationship between assembler becomes huge difficulty to 
implement LEAN for both suppliers and assembler. 

Last thing to be discussed comes from the technical factor of the LEAN system. It is reported in [5] and [8] 
that LEAN and its measures and tools could not be directly implemented to different than automotive industry. 
Research [5] claims that attempt to implement TPS and its tools in Japanese company Hitachi resulted initial failure in 
their own manufacturing environment. This was because of the fact that TPS addressed to automotive environment 
only. Hitachi solved this issue by creating their tools to improve their production environment. Similar situation comes 
from research in [8], where LEAN introduction to aerospace manufacturing organization represented. Naturally, 
implementation of LEAN did not represent the expected results. And the difference between environments was one of 
the main conclusions, why LEAN did not work. In our research, we also conclude that failure to understand and also 
adjust TPS to particular manufacturing environment becomes problem of LEAN implementation. 

To sum up problem analysis, we can see that there are three kinds of problems: violated prerequisites, 
subjective problems and objective problems. In the table 1 we summarize the general problems of the LEAN 
implementation.  
 

Table 1 
Problems of LEAN system implementation 

Violated prerequisites of LEAN 
system as the implementation 

problems 

Subjective problems of LEAN 
system implementation 

Objective problems of LEAN system 
implementation 

Absent or lack of united mutually 
accepted need between management 

and the workers for the process, 
manufacturing environment or other 

improvement 

LEAN is unaccepted, because it 
changes hierarchical structural and 

work conditions of workers and 
management 

LEAN system is fragile and sensitive 
to mistakes, faulty shipments and 

redeliveries cost even more than in 
mass production 

No motivation and pre-motivation of 
workers of LEAN implementation 

LEAN does not mean easier work 
after introduction; it means more 
responsibility, more motivation 

LEAN principles is not compatible 
with cyclical economy and unstable 

demand 

Distinction between operators and 
administration, company is not as 

community 

After LEAN implementation, no 
new jobs created, on contrary part 

of the personnel released 

Without united shift of whole supply 
chain from traditional to LEAN 

attitude, it is not possible to become 
LEAN for individual supplier 

False initial understanding of what 
LEAN system is and what it should 

provide 

LEAN is Japanese, so strange, 
unaccepted and thus should be 

resisted 

LEAN is directly suitable for 
automotive industry and it could not 

be directly applied to other 
manufacturing environments 

 
The summary of the LEAN implementation problems in table 1, gives us initial assessment of the particular 

company or manufacturing system. From this research it is obvious that only top management intention does not 
provide any guarantees that LEAN implementation would be successful. Removal of all obstacles in table 1, result TPS, 
and encounter of all 16 problems means that company, actually, has no initial chance of implementing LEAN. Any 
other situation requires unique way to its own LEAN production system. 
 
5. LEAN implementation in Lithuanian industry 
 

To describe in short Lithuanian industry, we can clearly see that there are no national automotive industry (not 
even from western car producers), no other specific national industry, which could be regarded as national like Nokia in 
Finland. There is lack of enormous industry companies at all in Lithuania. Most of the companies are small national 
companies or foreign capital companies using Lithuanian workers as cheap manpower. It means that the most of 
technology and capital comes from the western industry, so the freedom of production system changes is strictly 
limited. Even in Lithuania are some companies, which are in the supply chain of western automotive industry, the 
relationship between these suppliers and assemblers are not directly from Lithuanian companies, but through foreign 
investors, naturally through mass production attitude.  

LEAN in the Lithuania is almost unknown, almost no academic interest. Some companies tried LEAN 
implementation through foreign consulting companies, but this is all it could be said. According to study in [13], the 
interest of LEAN system in Lithuania is growing. We afraid this interest is based on mostly labor saving, not on using 
fewer workers as it is in Toyota [1], so, we can foresee different intentions.  

We can summarize main aspects of Lithuanian industry as follows: workers perceived as cheap labor force, 
variable cost; company as community rarely exist among Lithuanian companies; needs of workers and management are 
totally adversarial; the distinguish between management and the workers is enormous; Lithuanian industry is very 
conservative, resist any new technology or system. So from conceptual view it means that Lithuanian industry 
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encounters all of the problems stated in table 1. Therefore we can conclude, that implementation of LEAN could be 
limited only from both the national and from the company perspective. In other words, in each case of implementation, 
rigorous research should be performed to identify particular problems. 
 
6. Conclusions 
 
1. In this paper from the conceptual point of view, prerequisites of LEN implementation introduced and general 

shortcoming of LEAN system defined.  
2. There are three kinds of problems of LEAN system implementation: violated prerequisites, subjective problems and 

objective problems, each group of problems discussed in detail. 
3. In general, Lithuanian industry encounters the most of the LEAN introduction problems, so implementation of 

LEAN could be limited only from both the national and from the company perspective 
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Abstract 
 
The paper presents a fiber-optic distance sensor with one emitting optical fiber and two receiving optical fibers (all 
identical), model and the calibration method, based on the parameters for a given optical fiber used in the sensor. 
Experimentally and by modelling was shown that dependence of the effective radius of emitting fiber is increasing 
nonlinear function 0( ) tan , 0, 1m

aR z a kz k mθ= + > >  of the distance z between fiber tips. Parameters k and m were 
determined by some minimization procedure. That calibration of the model and comparison calculated data with the 
data of the data obtained during the experiment is made. Once more was shown that the maximal sensitivity Ssub and Sdiv 
of sensor linearly depends on the distance z between fiber tips. It was found an analytical dependence between output 
signal amplitude and distance z. 
KEY WORDS: fibers, sensor, model, experiment. 
 
1. Introduction 
 

The paper presents a fiber-optic distance sensor with one emitting optical fiber E and two receiving optical 
fibers 1R  and 2R  (all identical, Fig. 1) model and the calibration method, based on the parameters for a given optical 
fiber used in the sensor. Intensity of the light at the plane Pz (Fig. 2) [1] 

 
2

0
0 02 2( , , ) exp , ( ) ( ) tan

( ) ( ) a
C hL C h z R z a f z
R z R z

θ
π

 
= − = + 

 
 (1) 

where 02a  and aθ  are core diameter and the aperture angle of the fiber E, 0 0C > , h  is measured distance, ( )R z  is 
effective radius of the light emitting fiber, 

 ( ) , 0, 1mf z kz k m= > >  (2) 

is chosen as the calibration function of the model [2]. 

Function 2
0 (0)C Rπ  is decreasing because 2 0

0 2 2 1

2
(0) 0m

C mC R
k z

π
π +

′  = − <  , so 

 2
max 0 0max ( , , ) (0)

h
L L C h z C Rπ= =  (3) 

does not depend on z, in addition the function 0( , , )L C h z  is even by h  and 0arg max( ( , , )) 0
h

L C h z = . 

The aim of this work is to set the parameters k  and m , i.e., to perform a model (1) calibration. 
 
2. Experimental set-up 
 

Measurements were performed with fibers pig tails AFS105/125/0.22 and AFS50/125/0.22 with SMA-05 
connectors. The tip of AFS105/125/0.22 was fastened on the XYZ translator 7T25 and SMA-05 connector and it was 
connected to SMA emitter H22E4020IR, of the 15 dBm power, λmax =850 nm. Stabilized current supply 80 mA was 
used. Output power intensity distribution of the AFS105/125/0.22 tip end was measured by AFS50/125/0.22 pig tail tip 
end (Fig. 2), connected to precise fiber emission meter LP-5025-8. Tip end of pig tail was fastened on the XYZ 
translator 7T25. Both translators had micrometers (precision ± 1µm) for distance measurement and were fastened on the 
optical table 1HB03-04. The end of emitting fiber E was prepared by optical cleaver S315. The cleaver assures mirror 
like end face of the fiber. The end face mirror additionally was controlled by an optical microscope. 

mailto:vytautas.kleiza@ktu.lt
mailto:jonasverkelis@cablenet.lt


 111

 
Fig. 1. Distance h sensor with one emitting optical fiber E and two receiving optical fibers 1R  and 2R  (all identical) 
 
 

In view of (3) and the fact that the function ( , )L h z  is even by h , measurements were carried out (in order to 
increase the measurement accuracy) while sliding the optical fiber 3R  (AFS50/125/0.22) (Fig. 2) by step 

20μmh∆ = ( 0jh h j h= + ∆ ), to the distance mh , i.e., while the measuring data value increases. Five experimental data 

series were obtained ( )i
jL  ( i -experiment number), when the distance between the fiber tips 

135,250,375,492,600 μmiz = . 
 

 
Fig. 2. Light intensity measure scheme: 135,250,375,492,600 μmiz = , 0jh h j h= + ∆ , 20 mh µ∆ =  
 
 
3. Model calibration 
 

For calculation of the parameters k and m we use some minimization procedure to the difference between 

measured and calculated data, i.e., ( )
6 2( )

, 1

min ( , ) i
j i jk m i j

L h z L
=

−∑∑ . For all experiments were obtained that 

k = 4.184·10−3 μm−1/m, m = 1.655. In view of (3), for each experiment to compare the calculations by expression (1) with 
the experimental data 0C  was chosen as  
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The results are presented in Fig. 3. The absolute and relative error values  

 
( )

( ) ( ) ( )
( )( , , ) ,

max

i
ji i i

j i j i j j i
jj

L C h z L
L

ε
ε δ= − =  

2a 
Z 

iz  

E  

H 

aθ  

zP  

3R  

2a  

12a  

AFS 50/125/0.22 
jh

AFS 105/125/0.22 

Z 

2a 
1R  

z 

2d 

2R  

E  

H 

aθ  

AFS 105/125/0.22 

02a  

h 2a 

2a 



 112

are presented in Fig. 4 and Fig. 5. It should be noted that ( )i
jjm Lh maxarg=  does not depend on experiment number i, 

i.e., on zi. 
 
4. Main equations 
 

Sensor was modeled according to the expressions (1)-(3). Additional signals were analyzed 

 
( , , ) ( , , ) ( , , ), ( , , ) ( , , ) ( , , ),

( , ) ( , , ) ( , , )
sum i i i sub i i i

sub sub i sum i

L C h z L C h d z L C h d z L C h z L C h d z L C h d z
L h z L C h z L C h z

= + + − = + − −

=
 

and their derivatives by h (sensor’s sensitivities)  

 ( , , ) , ( , )sub div
sub i div

L LS C h z S h z
h h

∂ ∂
= =

∂ ∂
 

were analyzed. Note here that the signal ( , )divS h z  does not depend on iC , i.e., on emitted light intensity. The results of 
calculation are presented in Fig. 6-9. 

In addition, analytic expression of signal ( , )L h z  amplitude  

 2( , , ) max ( , , ) ( )i i ih
A C h z L C h z C R zπ= =  

have been obtained (comparison with the experimental data presented in Fig. 11). The calibration results of the effective 
radius 0( ) tanm

aR z a kz θ= +  are presented in Fig. 10. 
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Fig. 7. Calculated dependences of the ( , )subS h z  and 
( , )divS h z  maxima on the displacement h 
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4. Conclusion 
 

The paper presents a fiber-optic distance sensor with one emitting optical fiber and two receiving optical fibers  
(all identical), model and the calibration method, based on the parameters for a given optical fiber used in the sensor. 
Experimentally and by modelling was shown that dependence of the effective radius of emitting fiber is increasing 
nonlinear function 0( ) tan , 0, 1m

aR z a kz k mθ= + > >  of the distance z between fiber tips. Parameters k and m were 
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determined by some minimization procedure. That calibration of the model and comparison calculated data with the 
data of the data obtained during the experiment is made. Once more was shown that the maximal sensitivity subS  and 

divS  of sensor linearly depends on the distance z between fiber tips in the interval from 135μm  to 500μm . It was 
found an analytical dependence between output signal amplitude and distance z. 
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Abstract 
 
This article presents a new star-diagram based model for assessment of modern lighting systems. The model is based on 
six parameters of lighting quality, which the literature has shown to have an effect on human physical and/or mental 
health. Relations between the lighting systems and environmental health issues in modern buildings are discussed. The 
author points out shortcomings of current lighting assessment principles, as in light of new lighting technologies the 
need for comprehensive assessment methods has raised.  
The novelty of the model is in the form of a simple six axis star diagram that summarizes all of the acknowledged 
parameters of lighting quality: illuminance level, flicker, spectrum, colour temperature, electromagnetic disturbances 
and dynamism. The new model allows a simple comparison of different lighting systems even by a novice. As by this 
time the quality of the lighting is assessed selectively, one parameter at the time.  
KEY WORDS: ergonomic lighting, modern lighting systems, illuminance level, flicker, spectrum, colour temperature, 
electromagnetic disturbance, dynamic lighting. 
 
1. Introduction 
 

There are two main aspects that motivate the relevance of this article in regard to modern buildings’ lighting 
systems. First, with different types of lighting technologies, there are several parameters that all have in some extent 
ergonomic importance – the effect on human physical and cognitive health. But, most of the ergonomists, occupational 
health physicians, and work environment specialists only know about illuminance level as the main factor in lighting 
systems. Not many have heard of other parameters or, if they have, then they are usually short of knowledge or 
technical instrumentarium to take these into account in the assessment of lighting systems. 

The second motivating aspect for this article is the campaign of the compact fluorescent lightings (CFL) in the 
European Union. By creating the ergonomic lighting assessment model, the author tackles the disadvantages of the 
CFLs from the ergonomic point of view. These aspects are less known since the campaign for CFLs only emphasizes on 
the benefits of the technology such as energy savings ad not the downsides. 

The aim of this article is to present known and less known parameters of different lighting systems and to 
argue their relevance from the aspects of ergonomics and working conditions. These parameters are integrated into 
unified assessment model based on the diamond diagram, with six axes, of which each is dedicated to one parameter. 
The benefits of such star-diagram are its simplicity which makes it easy to understand and the inclusion of relevant light 
quality factors. This allows wide use of the model in assessment of variety of workplace lighting systems. 

Historically and up to today the illuminance level is the main factors in the assessment of lighting quality. In 
the handbooks of workplace health and safety, recently there have some additional factors introduced (TÜKIK 2010), 
but in practice little or no actual measurements are conducted in the workplaces’ assessments. 

Advancements in technology in the last decade have introduced to the public several types of new lighting 
systems. Unfortunately, next to the energy savings little attention has been paid on ergonomic aspects. Modern 
buildings utilize largely such new lighting systems. However, amongst office workers, eye strain and other problems 
related to eyesight are some of the most occurring health problems nowadays. This implication of stress may indeed 
have been caused by one or several factors of lighting quality. 

Advancements have been made recently in assessment of lighting quality. In 2010 University of Tartu 
(Estonia) published a new guide on the measurements of physical risk factors in workplaces, which also included a 
colour rendering index (Ra) in addition to the illuminance level (TKÜIK, 2010). Ra-index is in principle similar to the 
lighting spectrum dimension introduced in this article, since both are derived from the spectral curve. However Ra-
index may lead to the inaccurate conclusions when comparing the artificial light spectra to that of a natural lighting. 
Therefore Ra-index does not work best in the view of the ergonomic aspects and is not included in this model. A light 
spectrum is used instead. 
 
2. The model 
 

The constructed model addresses six parameters of ergonomic lighting quality and integrates them into single 
star diagram. A graphic representation of the diagram allows the reader to get immediate understanding of ergonomic 
aspects of the lighting fixture under question. When implementing the model, one most take into account also the nature 
of the facilities. For example, the university auditorium is best suited with the illuminance level of minimum of 500 lux 
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and the colour temperature above 5000 Kelvins as rest-rooms suit more to 300 lux and less than 4000 Kelvins. Different 
lighting parameters’ levels have different cognitive but also physical effect on humans – this also needs to be taken into 
account while designing modern buildings. 

This model is restricted to the light source itself and does not extend to ergonomic issues related to the room. 
For example the glare – an uncomfortable reflection from the lighting - is dismissed by this model. Although an 
important ergonomic factor, glare is largely the result of the lamp casings, the reflections from the interior of the room 
and the furniture. Therefore glare is not as much related to the type of lighting technology but to other factors. 

The model integrates six parameters of ergonomic lighting quality: 1) illuminance level, 2) flicker, 3) 
spectrum, 4) colour temperature, 5) electromagnetic disturbance and 6) dynamism. 

Each dimension is represented by the 0-100 point scale, where 0 represents a worst possible solution and a 100 
is the best. The deviation of the measurement result from the best possible solution also decreases the score 
proportionally. 

The ideal solution for all the parameters is the natural daylight. Efficient illumination by the sun and the 
natural daylight are one of the corner stones for human health. The characteristics of natural lighting are considered 
ergonomically most suitable for human being. Modern, high-tech lighting solutions also try to do their best in imitating 
the natural daylight. 
 
2.1. Illuminance level 
 

Ergonomic lighting illuminance is an optimal lighting illuminance in the specific work environment suitable 
for the job under observation. If the illuminance level is for that job too dim or too bright, there is an increased risk of 
work accident, eye strain and in case of permanent over- or malillumination, the deterioration of vision. 

The recommended illuminance level in study, office and similar facilities is minimally 500 lux. It was 
previously thought that optimum illuminance level for abovementioned facilities would be 500-100 lux (Stellman 
1998), but newer studies indicate that the upper limit could easily be also 2000 lx (Aries 2005). Advancements in 
photobiology also show that in addition to illuminating working areas, light has also an important non-visual function – 
to stimulate human biological processes such as circadian rhythms which directly influence how alert or sleepy the 
human is. 

In obtaining the position on the 0-100 scale, one must take account of the nature of facilities under assessment. 
The author proposes the following measurement scale for the office and study environment, as indicated in the table 1. 
 

Table 1 
Recommended illuminance level measurement scale for office and study environment 

Position on the scale, points (p) 0 10 20 30 40 50 60 70 80 90 100 
Measured illuminance level (lx) 20 50 100 150 200 250 300 350 400 450 >500 

 
2.2. Flicker 
 

All lighting bulbs fluctuate in the intensity of their light output which is double the frequency of the power grid 
(100Hz in Europe). The flicker of the incandescent light bulbs is smaller than of fluorescent tubes’ as the incandescent 
filament’s thermal capacity smoothenss the oscillation. 100Hz flicker is not detectable by human eye, in most cases not 
even at the frequency of 50 Hz (Seitz 2006). Newer and higher quality fluorescent light tubes incorporate electronic 
ballast, which operates at high frequency, usually in the range of 20-60 kHz, making them virtually flicker-free. 

From the ergonomic aspect, the flicker may become of a problem in case of cheap, low quality fluorescent 
light bulbs, also in case of faulty or outdated ballasts – this will create flicker also in lower frequencies, below 50Hz. 
Malfunctions in the operation of electronic or magnetic ballasts may occur if the lamp is past its working life.  

Epileptics must be considered as persons with special needs, as epileptic seizures have been found to be caused 
by light flicker. Frequencies at 15-18 Hz (Hughes 2008) and 3 Hz (Harding et al. 2005) may be even considered as 
dangerous. 

Flickering lights have also been indicated to cause migraine on people who suffer from such problems more 
often than others (Shepherd 2000). Migraine attacks may be caused by frequencies of up to 50Hz. In addition to 
migraine, fluorescent lights may also induce eye overstrain (Wilkins et al. 1991). Many studies have also shown the 
presence of oversensitivity to light at the same time of the migraine attack or between the periods of migraine attacks 
(Main et al. 2000). 

Light flicker is mainly determined by means of visual observation and with the help of flicker gyroscope. Suck 
methods are however inadequate in determining the frequency of the flicker. Yet there are no measurement instruments 
on the market that would have especially constructed for workplace assessment. The reason for lack of such devices 
would be little attention paid on the research of light flicker and their induced health effects. 

Based on the research, the author proposes the following assessment scale for flicker measurements (table 2). 
Depending on the lighting technology the flicker may even be absent. Modern fluorescent light tubes are generally 
considered as good quality light systems if the flicker is above 20 kHz. 
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Table 2 
The assessment scale for flicker measurements 

Position on the scale (p) 0 10 20 30 40 50 60 70 80 90 100 
Measured flicker (Hz) 1 5 10 15 20 30 40 50 100 20k static 

 
The flicker modulation intensity must also be taken into account. Determined by the electronic flicker meter 

the modulation factor from 0 to 1 need to be multiplied with the frequency determined score (0 to 100). Measurements 
done by the author and his student Taavi Tarien using prototype electronic flicker meter measured the following flicker 
modulation indicates for the selected light sources: LED 0.04; halogen light bulb 0.07; incandescent light bulb 0.12; 
fluorescent light 0.43. 
 
2.3. Spectrum 
 

The spectrum quality of the selected lighting system may be assessed based on the natural light spectrum that 
is considered to be the most ergonomic spectrum for human eye. But even the natural light spectrum is different during 
the course of the day, also depending on the season of the year and on the geographic latitude of the location. 
Regardless, natural light spectrum is always a full spectrum. Natural light is a combination of sunlight and sunlight 
radiated from the clouds and the sky. 

The term “pseudo white” describes such a light that is not a full spectrum light (constant from light emission 
from the violet to the deep red). Most of the common fluorescent lights can be considered as pseudo white lights. 

The most furthest from the natural light spectrum are cheap compact fluorescent lights and fluorescent light 
tubes. The spectrum of such lighting fixtures is with large gaps and with few sudden spikes at the wavelengths of 
mercury and other gases used (fig.1). Although human eye perceives such light as white, it only creates an illusion of 
white as most of the wavelengths of visible light are not produced. People may become discomforted working and 
especially reading under such lights. Also the eyes may tend to fatigue faster. 

The model introduced in this article assigns 100p if the artificial light completely reproduces the spectrum of 
natural daylight. The larger the deviation percentage from the daylight spectrum the lower the score in the scale of  
0-100p. The author recommends using linear unmixing method for calculating the spectral match percentage of the 
assessed and reference light spectra. The reference light is to be selected by the assessor, based on light spectrum on 
that specific latitude and also taking into account intended use of the facilities. Resting facilities are more suited with 
the spectra of the evening daylight and working places are best suited with the midday daylight spectrum. When 
determining reference daylight spectra for workplaces, the author recommends aiming the optical spectrometer into the 
zenith and recording the spectra at solar noon. 

Measurements done by the author using optical spectrometer ASEQ Instruments LR1 and using the linear 
unmixing method for spectral curve matching resulted in following. Considering zenith daylight at the noon as the 
reference spectra (100%) the match of the artificial lighting sources were: LED 61%, halogen light bulb 46%, 
incandescent bulb 45%, fluorescent light tube 35%, and compact fluorescent light bulb 33%.  
 

 
Fig. 1. Measured spectra of various light sources. Source: the author’s measurements 
 
2.4. Colour temperature 
 

The human eye is incapable in determining the spectral composition of the light. Instead, the eye detects colour 
of the light using three types of receptors sensitive to three ranges of wavelengths.  
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The colour temperature is connected to the spectrum curve, but is not analogous with it. For example the most 
suitable colour temperature for office work and studying is considered to be 5000-6500 Kelvins. This colour 
temperature may be achieved with several different spectral compositions. Therefore the colour temperature is 
presented in this model as an independent dimension. 

As with the illuminance level and the spectrum, in assessing the colour temperature one must take into account 
the intended use of the facilities – whether it is meant for resting or active work. Table 3 proposes the assessment scale 
for the office, study and library facilities. 
 

Table 3 
The colour temperature assessment scale for the regular office and study facilities 

Position on the scale (p) 10 34 55 77 100 90 66 42 20 
Measured colour temperature (Kelvins) 1000 2000 3000 4000 5000-6500 7000 8000 9000 10000 

 
In lighting design the Kruithof comfort diagram has been a standard for a long time. It represents the relation 

of the colour temperature to the illuminance level (Kruithof 1941). According to the Kruithof’s diagram people feel 
themselves most comfortable at higher colour temperatures if the illuminance level is high. The author of this model 
sets stricter borders by proposing colour temperature range of 5000-6000 Kelvins for workplaces. The motivation of 
such strict borders is recognizing that higher colour temperatures allow people to be more productive. Research on the 
effect of the colour temperature on humans has shown that higher colour temperatures increase psychological activity: 
higher wavelengths have stronger stimulating effect on autonomic nervous system (Deguchi 1992). Research done by 
Philips, indicates that colour temperature of 17000K stimulated the test subjects, increased their productivity and is 
therefore suitable for workplaces demanding high mental effort and alertness (Philips 2011). In another study it was 
confirmed that blue light banishes fatigue and sleepiness even at night time (Figueiro et al. 2004). 

Examples of the colour temperatures of different light technologies: incandescent light 2700K, compact 
fluorescent light 2700-5000K, halogen light 3000K, fluorescent tube 2700-6500K, LED 3000-10000K (Stellman 1998; 
Bando et al 1997).  
 
2.5. Electromagnetic disturbances 
 

Although lighting fixtures are not close to the larger sources of electromagnetic disturbances, this dimension is 
nevertheless included in the model. The author motivates the relevance of this parameter as follows. Usually a single 
light bulb is not capable of creating a remarkable electromagnetic field (EMF), but a dozen or more of such bulbs might 
do the job. Also in case of table lamps, the bulb might be quite close to the human head, which still might create a 
considerable exposure to the EMFs. Also a workplace might not contain one single high EMF emission source but 
several low emission sources where the light bulbs may play their role in creating an integral large EMF. Therefore if 
the EMFs at the workplace do affect worker’s health, attention must be also paid on the lighting technology and the 
amount of EMFs they produce. 

There are many technologies to produce light artificially, each also creating an EMF. For example 
incandescent light and halogen light produce considerably small EMFs. Whereas compact fluorescent light, fluorescent 
light tubes and LEDs may include electronic transformers in their structure, creating remarkably stronger EMF as above 
mentioned sources. Even larger EMF might be found on faulty or aged fluorescent tubes and CFLs. 

The position on the assessment scale 0-100p is determined by measuring the EMF of the light source with the 
electromagnetic field meter. The author proposes the measurement distance from the centre of the light source to be 
15cm as this is commonly used in other studies (Bakos 2010). Figure 5 presents the proposed assessment scale which 
has a progressive nature since EMFs also diminish exponentially related to the distance of the source. The author 
associated worst scale value of 0p with the largest EMF produced by light source encountered in his work.  
 

Table 4 
The assessment scale for electric field measurements 

Position on the scale (p) 0 10 20 30 40 50 60 70 80 90 100 
Measured electric field strength (V/m) 500 400 300 225 175 125 90 60 37 15 0 

 
To give a reference of EMF emissions of different lighting technologies the author conducted measurements of 

the electric fields on following light sources. The measurement was done using the low-frequency spectrometer 
Spectran NF-5020; maximum reading was registered. The measurement results of the light fixtures are: incandescent 
light bulb 73 V/m, LED 95 V/m, halogen light bulb 126 Vm, fluorescent light tube 137 V/m, compact fluorescent tube 
193 V/m, incandescent light with a dimmer switch 397 V/m. From each lighting source three specimens where metered 
in order to exclude possible faulty piece. The result for each lighting type was averaged over all the measurements on 
that type. 
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2.6. Dynamic lighting 
 

The daylight is dynamic in nature – in the course of a day it changes in its colour and intensity. Artificial 
dynamic lighting includes two following main principles. The colour temperature is higher at noon and lower at the 
evening. The illuminance level is highest at the noon, decreasing at the evening but not below the standardized 
reference levels. The dynamic lighting also includes a possibility to manually adjust the above mentioned parameters 
and to combine the general lighting with the spot lighting. 

The dynamic lighting is considered also an important part on lighting quality as the different characteristics of 
light have an effect on human circadian rhythms, behaviour and productivity.  

The author proposes the calculation of the dynamic lighting in the assessment scale of 0-100p as follows. Each 
of the following components of dynamic lighting that are present in the room being assessed, increases the score by 
10p. The base point is 0p. Components of the dynamic lighting from the aspect of worker: 
1) possibility to switch general lighting on/off; 
2) possibility to adjust the illuminance level of the general lighting (dimmer switch); 
3) possibility to adjust the illuminance level of the general lighting by sections (single workstations); 
4) general lighting is combined with spot lighting; 
5) possibility to switch spot lighting on/off; 
6) illuminance level varies automatically in the course of the day; 
7) illuminance level adapts to the amount of natural light present in the room; 
8) colour temperature o the light varies automatically in the course of the day; 
9) possibility to adjust colour temperature by sections (single workstation); 
10) Presence of vertical lighting (light panels on the walls). 
 
3. Comparing different lighting sources to the model 
 

In figure 2 most common lighting sources are compared and the feasibility of the model tested. Typical 
specimen of each lighting technology is presented, the parameters determined according to the methodology introduced 
in the previous chapters. The selected lighting sources are: 1) compact fluorescent light (CFL), 2) fluorescent light tube, 
3) halogen light, 4) incandescent light, 5) incandescent light on a dimmer switch, 6) LED. 
 

 
Fig. 2. Representing different lighting sources on the star-diagram model 
 

Using the star-diagram, one could interpret the results easily that light sources based on the filament 
technology are stronger in regard to some parameters whereas newer lighting technologies have other strengths. Most 
noteworthy might be the halogen light as it has a considerably low flicker ratio, minimal EMF and constant spectrum 
close to the natural daylight. Somewhat similar results were produced by incandescent light which only is weaker to the 
halogen light in spectrum and colour temperature. This is explained as the halogen bulbs filament burns in a much 
higher temperature as the incandescent. The weakness of incandescent and halogen light bulbs is however the lower 
colour temperature which makes it unsuitable for working places.  

A noteworthy negative example is an incandescent light on a dimmer switch. The downside of a dimmer 
switch is a high EMF level. Also a flicker might appear induced by the dimmer transformer. Since the filament burns on 
lower voltages the colour temperature is also noticeably lower on lower illuminance settings. The only benefit of the 
dimmer switch is the ability to adjust the illuminance level. 

Six parameters presented in this model, allow the calculation of a unified lighting ergonomic quality index 
(LEQI). By averaging all six parameters, LEQI will make it easy to rank the different lighting solutions. Although, it is 
presupposed that the user values each of the six parameters equally. Based on the above mentioned example the LEQI is 
calculated as follows: 1) incandescent light on a dimmer switch 48p, 2) compact fluorescent light (CFL) 54p, 3) 
fluorescent light tube 59p, 4) incandescent light 61p, 5) halogen light 63p and 6) LED 70p. 
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4. Conclusions 
 

The proposed model allows incorporating six different lighting quality parameters into one single index and 
star-diagram. The model helps to compare different lighting solutions quickly and with ease. Different user’s value 
different aspects of the lighting quality, the star-diagram makes it easy for them to select the solution that suits them best. 

The proposed model is unique in the way that previously the quality of the lighting systems is assessed 
according to single parameters excluding many other parameters. The illuminance level and colour temperature are 
mainly only considered. Where as no attention has been paid on the electromagnetic fields and other parameters that 
still may have an effect on human well-being.  

Another upside of the model is the standardized scale of 0-100p. This makes understanding different quality 
parameters much easier for those that are not into science of lighting.  

The weakness of the model, are the assessment scales. Whether the conversion from metric values to 
percentage values, as proposed by the author, best describes the quality level of each parameter, is to be determined by 
future research and implementations of the model. 

The model is also restricted to the ergonomic aspects of lighting sources. Other factors such as energy savings 
are dismissed. The author remarks that even in more energy demanding lighting solutions the benefit may very well be 
achieved from the ergonomic factors. When people feel more comfortable, that is also expressed in higher work 
productivity and emotional satisfaction. Bad lighting solutions may not be sufficient environmental stress sources by 
themselves, but added to the other stress factors the overall stress level is increased. 
 
References 
 
1. Aries, M. Human Lighting Demands - Healthy Lighting in an Office Environment, Eindhoven: Technische 

Universiteit Eindhoven, 2005. 
2. Bakos, J., Nagy, N., Juhàsz, P., Thuróczy, G. Spot measurements of intermediate frequency electric fields in the 

vicinity of compact fluorescent lamps- Radiation Protection Dosimetry, Vol.142, No. 2–4, 2010. 
3. Bando. K., Sakano, K,, Noguchi Y, Shimizu Y. Development of High-bright and Pure-white LED Lamps; 

Journal of Light & Visual Environment vol.22, No.1 1_2, 1998. 
4. Calleja, A. H., Perez, F. R. Contitions required for visual comfort, Encyclopaedia of Occupational Health And 

Safety II, International Labour Offıce Geneva, 1998. 
5. Deguchi, T., Sato, M. The effect of color temperature of lighting sources on mental activity level, The Annals of 

physiological anthropology, 11(1), 37–43, 1992. 
6. Figueiro, M., Bullough, J., Parsons, R., Rea, M. Preliminary evidence for spectral opponency in the suppression 

of melatonin by light in humans, Neuroreport, Volume 15 - Issue 2, 9 February 2004.  
7. Harding, G., Wilkins A. J., Erba G, Barkley G. L., Fisher R.S. Epilepsy Foundation of America Working 

Group, Photic- and pattern-induced seizures: expert consensus of the Epilepsy Foundation of America Working 
Group, Epilepsia, 46(9):1423-5, 2005. 

8. Hughes, J. R. The photoparoxysmal response: the probable cause of attacks during video games, Clin EEG 
Neuroscience, 39(1):1-7, 2008. 

9. Kruithof, A.A. Tubular luminescence lamps for general illumination, Philips Tech.Review 6, 65–96, 1941. 
10. Main, A., Vlachonikolis I, Dowson A. The wavelength of light causing photophobia in migraine and tension-type 

headache between attacks, Headache, 40(3):194-9, 2000. 
11. Philips, Activa Club. Web Resource: < http://www.lighting.philips.com/glen/activiva >. 
12. Reinhold, K., Tint P. Lighting of Workplaces and Health Risks, Electronics and electrical engineering: High 

frequency technology, microwaves, 2009. 
13. Scientific Committee on Emerging and Newly Identified Health Risks (SCENIHR), Light Sensitivity, 2008. 
14. Seitz, A. R., Nanez, J. E. Sr., Holloway, S. R., Watanabe, T. Perceptual learning of motion leads to faster flicker 

perception. PLoS One, 1:e28, 2006. 
15. Shepherd, A. J. Visual contrast processing in migraine, Cephalalgia, 20(10):865-80, 2000. 
16. Stellman, J. M. Encyclopedia of occupational health and safety, International Labour Office, Volume 1, 1998. 
17. Tartu Ülikooli Keemia Instituudi katsekoda (TÜKIK), Töökeskkonna füüsikaliste ohutegurite parameetrite 

mõõtmine, 2010. 
18. Wilkins, A. J., Wilkinson P. A tint to reduce eye-strain from fluorescent lighting? Preliminary observations. 

Ophthalmic Physiol Opt, 11(2):172-5, 1991. 
 

http://www.lighting.philips.com/glen/activiva


 121

Proceedings of 7th International Conference ITELMS’2012 
 
Ecological House Building in Lithuania 
 
I. Kraujalytė*, J. Kaupienė**, A. Stasiškis*** 
    
* Kaunas University of Technology, Molainių Str. 54, 37146, Panevėžys, Lithuania, E-mail: irma.kraujalyte@gmail.com 
** Kaunas University of Technology, Daukanto Str. 12, 44556, Panevėžys, Lithuania, E-mail: jovita.kaupiene@ktu.lt 
*** Kaunas University of Technology, Daukanto Str. 12, 44556, Panevėžys, Lithuania, E-mail andrius.stasiskis@ktu.lt 
 
Abstract 
 
The paper presents one of ecological building methods using local stocks – straws. The straw bale building was first 
developed in America during the 1800's. This technique is rapidly gaining popularity today in the world and in 
Lithuania, too. There is given information about innovative, environmentally-friendly building ideas, which would not 
be only cheaper than other popular products used in the building, but healthier for people. It also would share the good 
thermal behavior. 
KEY WORDS: environmentally-friendly building, straw bales, thermal conductivity, resistance. 
 
1. Introduction 
 

Nowadays developed countries are using more and more natural resources. Natural resources are used despite 
their renewal possibilities and rates. Material welfare of mankind was created exploiting nature resources with 
immoderate and in the following way makes ecological problems. We have noticed quick loss of biodiversity, climate 
changes because of reckless nature exploitation and its pollution. Greenhouse effect, the necessary condition of life 
existence in the Earth, has formed and is still under the influence of various factors, but the habits of human activity can 
be critical for balance frustration of this effect [1]. The most carbon dioxide (C02) gets into the atmosphere because of 
burning of fossil fuel (56.6%). There is an important destruction of the forest (17.3%), methane (14.3%), nitric oxide 
(7.9%) and other sources (3.9%) (Fig. 1). 

There are many building products which are harmful to humans and environment, but they are widely used 
because it is widespread and easy to purchase. The most important objectives to save nature resources and our living 
environment are these: the less cluttered plot of land, thus preserving more green spaces; to plan house so that it uses as 
little energy as possible, and the consumption of energy would be from renewable resources (geothermal, sun, wind, 
etc.); pollution of the environment during the exploitation and after that would be as little as possible [1]. One of 
technologies which have a traditional base – is building from straws. Straw bale building, developed by world 
ecologists, is started to use in Lithuania. The resource is residue of agriculture and needs little consumption of energy to 
make (press) and transport it. 

The author of straw bale building in Lithuania was an architect Petras Devižis [2]. In 1996’s the architect 
realized his first thought about straw bale house in Taraldžiai village, in rivers Jara and Ilgė confluence (Fig. 2). 
 

 
Fig. 1. Various factors, which have the influence for greenhouse effect 
 

 
Fig. 2. The first straw bale house in Lithuania 
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2. Straw bale houses 
 

It is known that the straw can spread out the heat not only by burning. The straw is a great building material, 
which saves the energy most of all. People use the straw as a building material from ancient times (Fig. 3). 
 

 
Fig. 3. The house from pressed straw bales in the past 
 

It is the durable material, which is characterized by good thermal insulation properties and flexibility. Straw 
bale houses are built using natural, environmentally-friendly materials – pressed straw bales, clay and wood. Straw 
bales are used not only for walls but also for roofs, floors and dividing walls. It is important that the bales let the 
building breathe to prevent accumulation of moisture and pests so houses are plastered by ‘breathing’ plaster from the 
outside. 

The straw bale house building is dual. In one case straw bales are used as house frames, to build load bearing 
structures and they are the base of all building process. But this is effective when we want to build the limited size 
constructions because the length of the wall cannot be more than six meters. The bales are stacked like giant bricks and 
secured to each other with wooden or other stakes which can withstand the weight of roof (fig. 4). At the end of the 
building, it must be plastered by clay plaster. The building does not need a big building experience and it is cheaper [3]. 
 

 
Fig. 4. Building from straw bales technology 
 

The wood, steel or other materials should be used to build load bearing structures for bigger size house frame 
(Fig. 4). It is not enough to use straw bales to build the bigger house because the frame must be very strong to withstand 
the roof and ceilings. For this reason the frame of the house is made from wood. The type of building the houses when 
straw bales are used as a building material is more developed in the foreign countries. Foreigners build multistory straw 
bale constructions, where the frame can only be metallic. But this method is more difficult and expensive. 

First of all, there is a special construction of the roof in order to save building site and straw from the rain. That 
is why the framework building from straw bales is so interesting.  

People choose straw bale building because it is a cheap way of building the houses and straw has got very 
good thermal properties. To compare, heating of the traditional house (from bricks, silicate blocks etc.) costs about 75% 
more than the straw bale house. The energy consumption of the straw bale house is less than 40 kWh/m2 per year [4]. 
Moreover, straw bales have got a big heat resistance 8-10 m2 K/W. It is obvious when we see a thermographic 
comparison between the straw bale house and the traditional building (Fig. 5). The bales are 120 cm thicker. The picture 
was taken with a thermal imaging camera to display the loss of heat through the exterior walls. The darker the blue 
tones the lower the loss of energy – the darker the red tones the higher the loss of energy. The difference of the 
traditional house in the back is very visible [5]. 
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Fig. 5. Thermogram of a straw bale building in the foreground and a traditional building in the back 
 

For comparison, Figure 6 shows the thermal conductivity coefficients of straw bales and other widely used 
building materials [6]. Straw bales have got the least thermal conductivity coefficient. It means that building material is 
a better insulator of the heat and the construction has got less waste of the energy. 

Straw bales are very good insulators of the sound. Thick walls from straw absorb most of an external noise. 
The building from straw bales is reasonable for many people because it is not very expensive comparing with the 
building from bricks or other popular building materials. The experience of foreign countries shows that people, who 
built straw bale houses, did electrical installation and water system equipment themselves because it was easier than the 
building process. 

The advantages of the straw bale houses [7]: 
• Pressed straws are very good heat insulators. Building the house from straw bales saves till 20% of all resources 

which would be needed for building the house using the traditional methods. 
• Walls, which are plastered by 25-75 mm thick clay plaster, are certificated as F-90, the wall is stone and it is an 

absolutely flameproof wall. 
• Straw bales are very good insulators of the sound. 
• Good microclimate and environmentally-friendly materials are positive for the health of people. 
• Building the house from straw bales achieves the excellent results of quality and the cost of the building is less than 

building the same house from traditional materials. 
• The straw bale houses can be usual and modern shapes (Fig. 7). 
• The straw bale house has one disadvantage: 
• The building is impossible when it is raining because then straw loses its good thermal insulation properties. In order 

to avoid it, the construction must be started step by step so that to save materials from the influence of the 
atmosphere by various awnings. 

 

 
Fig. 6. The thermal conductivity coefficients [6] 
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Fig. 7. The first modern house from straw bales in Lithuania 
 
3. Estimation of the straw bale compressibility 
 

The compressibility is defined as ability to withstand pressure. Compressibility of the insulating layer defines 
the ability to maintain a dynamic load. The insulation retains better the dynamic load when there is less compressibility. 

Calculating the constructions of the buildings, the load from the roof to the wall is 2 kN/m2. Building the house 
from the straw bales, there is very important to know, how much the straw settles after the roof will be set. 

There was taken pressed straw bale for the experiment. The measurements of the bale are 50×50×40 cm. The 
density of the sample is 52 kg/m3. The compressibility was assessed by hydraulic compression machine (Fig. 8). 

The experiment results are shown in Fig. 9. It is obvious that this bale is suitable only as insulation material, 
not for construction. The bales that are used for the construction should have 80 – 110 kg/m3 density. 
 

 
Fig. 8. The hydraulic compression machine 

 

 

 
Fig. 9. The compressibility of the straw bale 
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4. The fire resistance of straw bale houses 
 

Researches found the fire resistance of straw bale walls. The experiments with straw bale walls were taken in 
Europe, USA, Canada and Australia. 
1. In 1993’s the research was done in New Mexico, USA. Plastered and non-plastered straw walls were tested. During 

the research it was found that the wall, which is plastered by plaster, is more resistant to fire than non-plastered and 
withstands the two-hour fire experiment. While the non-plastered wall was affected after half an hour. Of course, 
the wall was just charred because pressed briquettes have got very little amount of void spaces in it. That makes 
lack of oxygen and stops the burning process. 

2. In 2001’s there was an experiment on the plastered straw bale wall at Technology University in Denmark. One side 
of wall was burning for 30 minutes and the heat was 1000°C. During this time, the other side of the wall reached 
the heat of only 1°C. It is a very small index of inflammability because it represents only one hundredth of the 
normative determined maximum heating limit, which is 80°C. 

3. In 2002’s the research was done with different thick of plaster on straw bales in Bohdan Dorniak Laboratory, in 
Australia. Determined maximum heat intensiveness was 29 KW/m2 and no one from nine tested briquettes were 
burning. There were no visible bigger tears. Based on the results of experiment and by the existing normative in 
Australia, it can be said that straw bales are flameproof. 

There are many researches which prove the resistance of the fire to plastered straw bale walls. Of course, while 
the walls are without plaster, it is said that the construction is unsafe. When the walls are plastered on both sides, they 
are durable on fire and they are assigned to F119 fire risk [8]. During the fire, this wall can withstand the 2-hour 
burning process and be the same, too. The findings are represented by American, German and Hollander experts. 
According to the results of general researches, the constructions of the houses and other buildings made out of straw are 
much better in comparison to the resistance of the fire. 
 
5. Conclusions 
 
1. Straw bale constructions have very good thermal properties and are environmentally-friendly. Straw bale houses 

create very good microclimate.  
2. The walls of straw bale houses are flameproof and certificated as F-90. 
3. Building the house from straw bales is cheaper than building the same area house from traditional materials. 
4. The building process is quite simple and does not need a big building experience. 
5. It is simple to install communication, electricity and other nets in straw bale houses. 
 
References 
 
1. Nekrošius L. Architektūros ir aplinkos darna: šiaudinis namas. APS. September, 2007. p. 32-36. 
2. Web Resource: < http://www.siaudunamai.lt/lt/siaudu_namai_lietuvoje >. 
3. Web Resource: < http://www.simondale.net/house/straw.htm >. 
4. Web Resource: < http://www.namovizija.lt/index.php?id=3311 >. 
5. Web Resource: < http://mayaguesthouse.wordpress.com/2011/12/27/thermographic-comparison-between-a-straw-

bale-house-and-a-traditional-building-2/ >. 
6. STR 2.01.09:2005. Pastatų energinis naudingumas. Energinio naudingumo sertifikavimas. 
7. Web Resource: < http://www.pabaltijonamai.lt/straipsniai/statyba5.html >. 
8. Web Resource: < http://www.strawbale.com/lesson1-af.html >. 
 

http://www.siaudunamai.lt/lt/siaudu_namai_lietuvoje
http://www.simondale.net/house/straw.htm
http://www.namovizija.lt/index.php?id=3311
http://mayaguesthouse.wordpress.com/2011/12/27/thermographic-comparison-between-a-straw
http://www.pabaltijonamai.lt/straipsniai/statyba5.html
http://www.strawbale.com/lesson1-af.html


 126

Proceedings of 7th International Conference ITELMS’2012 
 
Formation of Localised Deformational Structures and Quasi-Brittle Fracture of 
Steel 25Kh1M1F with a Network of Thermal Fatigue Cracks 
 
P. Maruschak, I. Konovalenko 
  
Ternopil Ivan Pul’uj National Technical University, Ruska 56 Str., 46001, Ternopil, Ukraine, E-mail: 
Maruschak.tu.edu@gmail.com 
 
Abstract 
 
Mechanical formalism and application computer identification of the intensity of plastic deformation of material with 
multiple thermomechanical fatigue cracks and a macroconcentrator in the form of a welded joint are described for 
solving problems of localisation of plastic yielding at different scale levels. The quality and efficiency of identification 
of multiple thermomechanical defects are determined by the crack detection algorithm and by taking into account their 
space-ordered nature. 
KEY WORDS: Mesomechanics, weld metal, multiple defects, thermal fatigue cracks, defects orientation. 
 
1. Introduction  
 

Surface sections of the metallurgical equipment affected by thermal fatigue cracks are the totality of structural 
components (blocks). These blocks have a different geometry and size, and are separated by defects of different scales 
(breaks, cracks). The presence of multiple defects causes changes in the deformational properties and load-bearing 
capacity of the material [1]. It should be noted that local shears of the material fragments change not only physical and 
mechanical properties of local sections, but also macroregularities of deformation [2]. Diagnostics of deformation 
processes in the heat resistant steel affected by multiple defects have a number of limitations connected with the non-
uniformity of their temporal and spatial behaviour. Moreover, the stress-strain state of such materials is complex and 
non-uniform, and contains the elements of tensioning, compression, shearing and bending [3]. The previous 
investigations into the formation of breakup-block structures allowed establishing the regularities in the formation of 
relaxation processes, which can be accompanied by significant deformation vibrations. Their further development 
manifests itself in the alternation between stable deformation processes and short-term dynamic “disruptions” of 
loading. Both processes are of great scientific interest because they allow establishing the physical regularities in the 
coalescence of multiple defects. 

In most cases, the nucleation and propagation of fatigue cracks in welded joints are localised in the vicinity of 
the stress concentrator – i.e. the borderline between the joint and the zone of thermal effect [4].  

This section is characterised by a non-uniform distribution of internal stresses, which causes the fragmentation 
and formation of localised deformational structures. These peculiarities precondition the choice of this section for the 
in-depth investigation. 

The purpose of this work is to analyse the results of investigations into static deformation, formation and 
development of one type out of the available deformation structures in the surface layer of steel 25Kh1M1F with 
thermal fatigue cracks taking into account the welded joint effect. 
 
2. Research technique 
 

In this work, we tested prismatic specimens with the width b = 40 mm and thickness t = 10 mm; the height of 
the template was L = 50 mm, including the applied welded joint as a macroconcentrator, Fig. 1. Some screws were 
welded onto the template, in which the hanger bolts of the test setup were screwed. The tests were carried out under 
conditions of uniaxial tension on the hydraulic test setup ZD 100Pu. For the measurement of the axial strain of 
specimens the strain gauge method was used with the measurement accuracy up to 10-3 mm. The digital photography of 
the loaded specimen surface was also performed, and the automated analysis of the cracking parameters was carried out 
using the software package “Crack analyzer” [5]. 

The welded joint was produced by means of hand arc welding using the electrode of type АНО 36. The 
hardness of the welded joint was 105 HRB, the hardness of the specimen material was 75 HRB. 
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a b 

Fig. 1. Loading scheme (а) and the fractured specimen (b): 1 – weld zone; 2 – cracks 
 

The regularities in deformation and failure of the material with multiple defects and the macroconcentrator 
were investigated, and two main mutually competing processes were analysed: 
• the effect of the distributed network of defects; 
• the “localised” effect of the welded joint and the zone of thermal effect; 

Templates were loaded under the uniaxial tensioning, which corresponded roughly to the stress-strain state of 
the CBCM roller under operating conditions. 
 
3. Analysis of the deformation process 
 

The amplitude and the vibration cycle allow stating that the large-scale vibrational shears of local fragments of 
the material are observed on the graph rather than the advance of elastic-plastic deformation waves, Fig. 2a. Obviously, 
such shears have a relaxational nature, which agrees satisfactorily with the well-known phenomena of relative shears of 
the material fragments after a change of the stress-strain state of the material [2, 6]. 
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Fig. 2. Stress-strain curve of the material with multiple defects (a) and diagrams of variation of defects orientation in 
points 1, 2, 3, 4 during deformation 

 
The digital analysis of the surface structure with thermal fatigue defects revealed the presence of mutually 

perpendicular cracks. Thus, most of defects worked as a single separation system. During the process of deformation 
their orientation changed by 10... 20°, which is especially noticeable under maximum loading, as well as after growth of 
the main crack, and during fracture, Fig. 2, b-e. It should be noted that quite a rapid change took place in the deformation 
kinetics. Changes in the orientation of crack-like defects allow revealing a number of physical phenomena [7]: 
• a disruption of loading is preceded by a change in the direction of the “slowed down” deformation processes, which 

are concentrated mostly in the zone of crack-like defects. In our opinion, this is connected with a changed direction 
of local shears and exhaustion of the relaxation properties of local sections of the material; 

• the intensity of deformation processes on the material surface is controlled by a number of factors, in particular, the 
geometry of multiple defects, stress-strain state of local sections of the material. 
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4. Investigation of specimen failure kinetics 
 

From the practical point of view, it is important to reveal the localised zones on the specimen, in which the 
process of failure is most pronounced. The timely diagnostics of such zones allow evaluating the specimen condition 
and its operation capabilities. The specimen with a welded joint was investigated by means of analysing its digital 
images obtained under increasing loading. Quantitative characteristics were calculated for every image, the comparison 
of which allows evaluating the graded nature of deformation and failure. 

The initial image of the analysis is a grayscale image of the test specimen obtained with a digital camera. The 
algorithm for the analysis of the specimen damage dynamics consists of two stages. The first stage is the preparatory 
one and is intended for the detection of crack localisation zones in the image. It consists of successive operations that 
include image normalisation, filtration, binarisation, skeletonisation, and detection of the crack position [8]. 

Image normalisation is intended for equalisation of its brightness and is performed by means of folding the 
image with a low-frequency filter followed by removing the low-frequency component.  

The basic operation, which allows localising the zones of damage, is the adaptive binary transformation, the 
result of which is a black and white image, in which white pixels correspond to the background and black ones – to the 
damaged zones (cracks). In order to remove minor noise elements from the image and enhance dominant cracks, the 
initial image is filtered by a discrete gauss filter [8]. Filtration “blurs” the borders of objects in the binary image and 
causes their coalescence and the formation of discontinuous cracks. A repeated binarization allows, based on the filtered 
grayscale image, to form an array of points that describe crack position and are taken into further consideration. The 
resulting monochrome I image shows the general picture of cracking and can be used for obtaining the quantitative data 
describing the surface condition. Figure 3a,b shows the initial grayscale image of the surface with a welded joint (a) and 
the resulting monochrome image (b) with the localised zones of damage. 

With a view to evaluating the general condition of the damaged surface, the vertical Vh and horizontal Hh 
histograms were calculated for every image obtained after processing: 
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Fig. 3. Initial grayscale image (a), monochrome image of the specimen with a welded joint obtained after processing 
(b), horizontal histograms (c) for points 1 and 4 in the stress-strain curve of the material (Fig. 2,a) 
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where j is the column index, j∈(1...m); i is the line index of the I image, i∈(1...n). 
Each element of the vertical and horizontal histograms has a number of nonzero pixels located in columns and 

lines of the image, respectively. Histograms (1), (2) are the initial basic data array, which was used to evaluate the 
cracking degree of the surface analysed along the coordinate axes and to determine the image sections that correspond 
to the damaged fragments of the surface. Histograms characterise the degree of surface cracking along two coordinate 
axes in general. Horizontal histograms for the test specimen are given in Fig. 3, с. 

In order to evaluate the failure dynamics of the test specimen, the histogram variation functions were used: 
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where Dh  and Dv are the variation functions of the horizontal and vertical histograms, respectively. 
Figure 4 shows graphs of the horizontal histogram variation function, which correspond to time spans ∆t = t1 t2 

and ∆t = t1 t4 (Fig. 2, a). For the specimen under investigation, the clearly delineated peaks are present on the horizontal 
histogram variation graphs, which correspond to the image zones characterised by a fast accumulation of defects in the 
specimen. Moreover, the highest peak (Fig. 4, a) corresponds to the zone of the welded joint. As is seen, the maximum 
value of this peak exceeds, on average, by 80% the extremums corresponding to other zones of the test specimen. 

The offered approach allows revealing the zones with the greatest intensity of defects formation on the test 
specimen. As is seen from the graphs of the vertical histogram variation function (Fig. 4, b), the clearly delineated 
maxima are absent, and the nature of variations is stochastic. This is explained by the fact that the specimen zones most 
affected by failure (including the zone of the welded joint) have a horizontal orientation [9, 10]. 
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Fig. 4. Graphs of the horizontal (a) and vertical (b) histograms variation functions that correspond to time spans 
∆t = t1 t2 (curve 1) and ∆t = t1 t4 (curve 2) 

 
Therefore, the results of the analysis of functions Dh , Dv  allow determining the predominant orientation of 

defects of the test specimen, as well as detecting the zones of maximum failure, and evaluating the kinetics of 
propagation of multiple defects. 
 
5. Discussion 
 

The presence of a welded joint has a positive effect on the structural-mechanical condition of the material, 
because it allows impeding the mechanisms of plastic shear [10]. However, it is this that transfers the process of 
deformation to the macrolevel, which is depicted in the presence of fractures that developed by the shear mechanism on 
the fracture surface, Fig. 5а. 

The fracture surface in the zone of the welded joint is formed by terraces of the plastically deformed material 
decorated with small dimples, Fig. 5b. The presence of dimples evidences plastic deformation of the material, however, 
we should point at quite a brittle fracture mechanism of the material, as evidenced by significant shear elements of the 
relief [8, 9].  
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а b 

Fig. 5. Fracture of the material in the zone of the welded joint 
 

Two main factors should be taken into account [11]: 
• the effect of multiple defects (mesolevel); in this case they are the “positive factor” – since they block the 

development of localised deformation; 
• the effect of the welded joint, which “switches” the processes of deformation immediately to the macrolevel, which 

causes the localisation of strains in the zone of thermal effect.  
 
6. Conclusions 
 

The main regularities in deformation of the material with multiple thermomechanical fatigue cracks and a 
macroconcentrator in the form of a welded joint are investigated. It is found that deformation takes place mostly due to 
a displacement of the material blocks between crack-like defects.  

The presence of the macroconcentrator (welded joint) allows “impeding” the development of local strains in 
the vicinity of multiple defects, however, in case of exhaustion of the material plasticity it causes a transition of the 
deformation process in the breakup-block medium to the macrolevel and further fracture of the material.  
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Abstract 
 
The research objective was to analyse road and railway transport flows and their variation trends at Amaliai level-
crossing in Kaunas. The study has shown that the main reason for the formation of junction obstruction is heavy train 
traffic during peak hours, resulting in road capacity reduced by up to 7 times. It has been established that the most 
effective way to reduce congestion is to decrease train traffic intensity during peak hours. In the longer term, the 
optimal solution would be to construct a bypass in the south-east side of Kaunas city, which would divert the flow of 
transit vehicles from Ateities Road. 
KEY WORDS: traffic flows, rail crossing. 
 
1. Introduction 
 

This article analyses a need for the construction of the Amaliai underground tunnel in Kaunas city Ateities 
Road and R.Kalantos Street and all reconstruction of entries and exits to it (Fig. 1). The main objective of the project is 
to integrate Kaunas south-eastern bypass between Garliava and Palemonas into the road transport system. It aims to 
make the most of convenient city geographical situation, ensuring that the project meets EU requirements of traffic 
safety and environmental protection [1, 2]. 

The objective will be achieved if the transit and local traffic is allowed to move freely through the Amaliai 
railway crossing into Kaunas neighbourhoods and if everyone is allowed to travel freely towards the Via Baltica 
Highway. This project provides an overall improvement to the Kaunas transport system. Its main aims are to reduce the 
noise levels and accidents in Kaunas, thereby improving living conditions and wellness of Kaunas residents 
 

 
Fig. 1. Plan of analysed territory 
 
 
2. Analysis of changes in day’s road traffic 
 

The research of the traffic intensity on roads crossing Amaliai level-crossing in years 2007 and 2010 has 
shown that the traffic intensity variation during the day has a similar trend. During the morning rush hour numbers 
ranged between 825 and 915 vehicles per hour [3]. 
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However, after the morning rush, the traffic intensity decreased until 11h00. It started gradually increasing up 
until 17h00 (evening peak). During the evening peak, the traffic intensity ranged between 787 vehicles/h (2007) and 
748 vehicles/h (2010) [3]. 

The research has identified that the main reason for formation of traffic jams in the investigated unit is 
intensive railway transport during peak hours. As a result, the amount of road traffic throughput is reduced by 700% [3].  
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Fig. 2. Changes of road traffic flows during day [UAB „Vilniaus metro“ data] 
 

It was established that average traffic in the analysed section of street composed of: 
• cars – 88%; 
• trucks – 10%; 
• minivans – 1.4%; 
• busses – 0.6%. 
 
3. Analysis of changes in day’s railway traffic 
 

The research of the railway traffic intensity on the railway crossing in years 2010 and 2011 has shown that the 
railway traffic intensity variation during the day has a similar trend. Morning peak-hour intensity of traffic varied 
between 3-4 trains per hour. The intensity of traffic reduces up until 11h00 and starts increasing until 13h00 (day peak). 
Evening peak (16h00-18h00) traffic is 4-5 trains per hour.  In 2012 the higher intensity of trains is noticeable when 
compared to data given for 2010 and 2011. Evening peak time has increased to 6 trains per hour [4]. 
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Fig 3. Train traffic flows changes during day [AB „Lietuvos Geležinkeliai“ data] 
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4. Evaluation of average traffic intensity during peak hour  
 

In order to compare traffic intensity data from different research, the results are recalculated into average peak 
hour traffic intensity [5, 6]: 

 ∑
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where: VPVI  is average traffic intensity during peak hour vehicles/hour; PViI  is peak hour traffic intensity established 
during research vehicles/hour; SiK  is day traffic intensity weekly ratio; MiK  is day traffic intensity yearly ratio; n is 
measuring the number of hours. 

Average peak hour traffic intensity confidence interval is calculated using formula [5,6]: 
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where: )( PViIδ  is values PViI  confidence intervals (%); )( SiKδ  is values SiK  confidence intervals (%); )( MiKδ  is 
values MiK  confidence intervals (%). 
 
5. Trends in changes of traffic on roads and railways crossing the Level-crossing 
 

The comparison of road and railway traffic intensity is shown in Fig 4. Trend calculation was based on   the 
results of research data (data for 2011 is based on a three hour long survey performed on traffic intensity) using 
methods of analysing traffic intensity explained above. 
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Fig 4. The trends of peak hour traffic intensity 
 
 

By comparing the data of 2007 -2012 it becomes clear that the volume of traffic has reduced in 2010, which 
could be linked to the recession. In 2011 peak hour traffic intensity on roads has increased by 27.2%. Railway transport 
traffic flows between 2011 and 2012 have increased between 25% and 33.3% accordingly. The confidence intervals of 
given peak hour traffic intensity data is 24.4% 

The most effective and cheapest solution for traffic jams during peak hours is to reduce the railway traffic. To 
do this, the train schedules require adjustments so that during the busiest hours of road traffic there would be fewer 
trains. The long term solution would be to reconstruct one level crossing into two level crossings, which would avoid 
problems related to the intersection of different infrastructures. However during construction of the two level crossings, 
a problem would originate caused by the redirection of traffic from Ateities road to surrounding streets. Taikos, 
Pramones Avenues and Chemijos Street transport system during peak hours (especially evening) are heavily used. 
Therefore the additional traffic redirection would be complicated. Based on that, in the long term the optimal solution 
would be a construction of the bypass in the south-east side of Kaunas city, which would allow transit transport to be 
diverted from Ateities road (Amaliai crossing). Therefore the reconstruction of crossing into two levels is not necessary.  
 
 
 



 134

6. Conclusions 
 
• The research showed that the changes in day’s traffic on roads intensity between 2007 and 2010 is consistent and the 

intensity of traffic varies by about 10%  
• Railway traffic flows between 2011 and 2012 has increased in the analysed level-crossing. 
• Peak hour road transport intensity in 2007-2012 has increased on average by around 6.8% per year. 
• Peak hour railway transport intensity in 2010 – 2012 has increased by 25 – 33 % per year. 
• Road transport flow throughput in the analysed level-crossing is mostly affected by railway transport. Therefore peak 

hour intensity changes up to 6.5 times.  
• In order to increase analysed level-crossing throughput, it is suggested to adjust train schedules or reconstruct the 

level-crossing into two independent level-crossings. 
 
References 
 
1. Kauno apskrities teritorijos bendrasis planas. Web Resource: < http://bendrasisplanas.kaunas.lt >. 
2. Kauno miesto savivaldybės teritorijos bendrojo plano darbų programa. Web Resource: < http://www.kaunas.lt >. 
3. Web Resource: < http://www.vilniausmetro.lt >. 
4. Web Resource: < http://www.litrail.lt >. 
5. Automobilių kelių investicijų vadovas. Lietuvos respublikos susisiekimo ministerija 2006 m. 
6. Vidutinio metinio paros eismo intensyvumo apskaičiavimo iš trumpalaikio matavimo duomenų metodika, 

Transporto ir kelių tyrimo institutas, Kaunas, 2003 m. 
 

http://bendrasisplanas.kaunas.lt
http://www.kaunas.lt
http://www.vilniausmetro.lt
http://www.litrail.lt


 135

Proceedings of 7th International Conference ITELMS’2012 
 
Temperature Induced Stresses in Two-Phase Rectangular Macro-Composites 
 
N. Partaukas*, J. Bareisis** 
  
* Kaunas University of Technology, S. Daukanto Str. 12, 35212 Panevezys, Lithuania, E-mail: n.partaukas@gmail.com 
** Kaunas University of Technology, S. Daukanto Str. 12, 35212 Panevezys, Lithuania, E-mail: jonas.bareisis@ktu.lt  
 
Abstract 
 
The paper presents an analytical model for the calculation of the stress caused by temperature change in the multilayer, 
rectangular structural elements. The proposed concept of thermo-sensitivity allows a quantitative description of how 
hazardous the thermo-stresses are, as well as explains the causes of those stresses. It was found that the thermo-
sensitivity does not only depend on temperature change and the difference between the coefficients of thermal 
expansion, but also on Young's modulus, Poisson's ratios, the volumetric ratios of the materials and the deformation at 
the yield limit. The presented methodology allows a quick thermo-stress assessment; to determine how crucial they are 
to the strength of the structure, as well as it enables to make a rational choice between materials and thickness of the 
layers. 
KEY WORDS: multilayer structures, thermal stress, strength, composite materials. 
 
1. Introduction 
 

Multilayer Structural Elements (MSEs) have been used for a number of years. The mechanical and physical 
characteristics of such materials quantitatively and qualitatively differ from the homogenous ones. These characteristics 
can be altered by changing the materials of the layers, layout and dimensions. Because of different properties of the 
layers, new phenomena in MSEs occur: uneven distribution of stress between the layers [1-3], stress redistribution 
caused by Poisson’s effect [4-6] or plastic deformation [7, 8] and change in temperature [9-17]. 

Thermo-stresses (TSs) in MSEs are formed in two ways: either during the manufacturing process or during 
operation. In the latter case the TSs are mainly caused by the change in ambient temperature. If this is a case, TSs 
appears in many structures, such as reinforced concrete plates, columns and multi-layered pipes [9-12]. TSs may also 
affect the safety in case of fire [10, 11]. Sometimes heat can be produced by the body itself, for example piezo-
actuators, CMOS, etc. [13]. 

The TSs which appear during the manufacturing process are known as residual stresses, they add up with those 
formed by the external loads and thus affect the overall strength of the construction [14-17]. Residual stresses usually 
occur as a result of welding or similar procedures, i.e. when different materials are joined together at the temperature 
different than operating. 

In either case, TSs appears even if there are not any external loads. When external loads are applied, the 
stresses add up and the resultant strength differs from the calculated one in accordance with the mechanical 
characteristics. Ceramic composites are extremely sensitive materials, which may rupture by entirely the effect of TS 
[17]. So it is very important to understand the nature of the TSs, and make a choice between materials and their ratios 
during the design process. 

The main objective of this work was to find common criteria to help quickly and easily to assess the impact of 
TSs to the strength and stresses. In this paper the authors did not intend to provide a universal model suitable for all 
cases and structures. Nor did they consider the influence of temperature to the thermal and mechanical characteristics of 
the materials, crack formation, etc. 
 
2. Governing equations 
 

Let us consider a multi-layered body (see Fig. 1). To avoid bending loads we assume that the layers are 
arranged in a symmetrical way with regard to the axis oz. 

Let us assume that the deformations of the different layers in ox and oz directions are the same and the layers 
are perfectly bonded. If there are not any cracks or delaminations, such an assumption is reasonable. Also we assume 
that the deformations are entirely elastic and layers width/length to thickness ratio greater than 10. Obviously the 
deformations along the oy axle have no effect on the stresses. It should be noted that stress distribution at the edges, 
here will be not considered (the free edge effect). 

A structure is described by a number of layers and phases (a number of different materials). Usually the 
number of phases is lower than that of layers; therefore if there are no bending loads, the stresses in the layers can be 
replaced by the stresses in the phases (as the stresses in different layers made from the same material will be equal). In 
this way the number of unknown stresses is reduced.  

The assumption about equal strains presents 2 (n-1) equations, while the other two present static equilibrium. 
While the strains are elastic, they, according to Hooke's law, can be expressed in stresses: 
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where E is Young's modulus, ν is Poisson's ratio, α is the coefficient of thermal expansion, ΔT is the change in 
temperature, σx, σy are the stresses along ox, oy axes; i, j denote the different phases of the plate, n is total number of the 
phases. 
 

 
Fig. 1. A multi-layer, symmetrical, rectangular plate 
 

If the stresses are only caused by the change of temperature, i.e. there are no external loads: 

 













=

=

∑

∑

=

=

0

0

1
,

1
,

n

i
iix

n

i
iiz

ψσ

ψσ

 (2) 

where  ψi is the volumetric ratio of the phase (volume of i material in relation to all the volume of the bar). 
 
3. Temperature induced stresses in two-phase bars 
 

The simplest case is obtained when the number of phases is two. The number of layers may be two or more. 
The unknown stresses in this case are four (two in each layer):  
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where  T
kσ 1,  the thermo-stress along k direction, of i phase. 
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From the equations (3) it is obvious that T
ix

T
iz σσ ,, = . Thus, in case the external load is absent, the thermo-

stresses along ox and oz directions of the layers are equal. This yields to the system of two equations, by solving it the 
stresses are only caused by the change of temperature, i.e. there are no external loads: 
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Similarly, from equations (1) and (2), the stresses in plate with three, four and more layers (phases) can be 
found. To save space, these expressions here are not presented, and further we are only going to consider the two-phase 
multilayer plate. 
 
4. Analysis of the presented equations 
 

If the stresses in the plate are caused only by the change in temperature, then the resultant stresses: 
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where T
ieσ ,  is equivalent (von Mises) stresses of the i phase, induced by change of the temperature. 

From the equations (4) (5) it follows that the ratio of TSs in different layers depends only on the phases:  
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Thermo-stresses are inversely proportional to the volumetric ratio of the phase. Consequently, the smaller the 
amount of material, the higher is the TSs and vice versa. Directly from the last equation we can see that the amount of 
the stronger materials has to be smaller, if there is a requirement that the stresses have to be distributed proportionally to 
the strength of the materials. If the material has a different strength to tension and compression, such ratios for the 
positive and negative change in temperature also will be different. Consequently, a bar made of such materials will be 
unequally sensitive to the temperature increase and decrease. 

A particular case is the structure with an equal amount of the phases (ψ1 = ψ2). Such a structure will be called 
the iso-proportional, or simply proportional, and TSs of such a structure will also be called proportional (σP): 
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The proportional stress depends only on the material characteristics and the temperature change. This is like a 
reference point from which TSs of MSEs can be quantitatively assessed. The higher the Young’s modulus of the layer, 
the greater the proportional stress is. So in general, the stiffer the material (e.g. ceramics) the higher the TSs are. 

Thermo-stresses in equations (4) can be expressed in terms of the proportional stress: 
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where  
221112
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Coefficient kD,i is a factor for the assessment of the layers geometry (disproportion). Its value simply 
demonstrates how TSs are different in comparison with iso-proportional structure. The structure in which the 
volumetric ratios of phases are different can be named dis-proportional ones. 

Equations (8) and are different from (4) in respect to their ability to separate the influence of the geometrical 
parameters from the influence of the material characteristics on the TSs. When σP and kD,i are known, it is easy to assess 
which of the parameters must be modified and to what extent in order to shift TSs in a desired way. 
 
5. Thermo-sensitivity 
 

To assess how large and risky the temperature induced stresses are it is better not to use the absolute (like TSs) 
but the relative measurement. Therefore, we suggest the concept of the Thermo-Sensitivity (ST): 
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So thermo-sensitivity of the material depends on a set of four factors. Namely, the thermal (kT), the 
deformational (kε,i), the elastic (kE,i) and the dis-proportional (kD,i). Only one of them (kT) is the same for both materials, 
while the other three are not. So, the different layers (phases) of the same structure usually will have a different thermo-
sensitivity. 

Thermo-sensitivity (ST) quantitatively describes the stress intensity caused by the temperature change. The 
components of the ST help determine the causes of high and small thermo-sensitivity and what can be done in order to 
change it. Let us examine each of those components in detail. 

The thermal coefficient estimates the influence of temperature change and the difference of thermal expansion 
between phases. It increases (decreases), resulting in the increasing (decreasing) temperature and the difference between 
the coefficients of thermal expansion. 

Deformational coefficient depends on the yield/strength deformation of the material, so it can be modified by 
changing or processing the materials. The higher the deformation at the yield/strength limit, the smaller the 
deformational coefficient and ST. In contrast, the lower the deformation, the higher the ST ( adm

ii εk /1, =ε ). Stiff and 

fragile materials usually have small deformations at fracture ( adm
iε ), therefore they tend to have high thermo-sensitivity. 

Soft and ductile materials usually have high yield deformations, due to that they tend to have the low values of ST. 
 

 
Fig. 2. Elastic coefficient dependence on Young's modulus and Poisson's ratios: kE,1(1-3), kE,2(4-6),  ν1= ν2= 0 (3, 6),  

ν1= ν2= 0.3 (2, 5),  ν1= ν2= 0.5 (1, 4). 
 

 
Fig. 3. The dependence of disproportion coefficient on Young's modulus and relative volumetric ratio of the phases: 

kD,1(1-3), kD,1(4-6),  ψ1 = 0.2 (3, 4),  ψ1 = 0.5 (2, 5),  ψ1 = 0.8 (1, 6). 
 

Elastic coefficient characterizes the influence of Young's modulus and Poisson's ratio. It can be altered by 
simply combining different materials. The value of the elastic coefficient increases together with Poisson’s ratios. The 
ways the elastic coefficient varies, by using average value of Poisson’s ratio, is demonstrated in Fig. 2. 

It is clearly seen in Fig. 2 that the Poisson’s ratio makes influence to the elastic coefficient. Such an effect is 
more noticeable in stiffer layers. 
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The coefficient of dis-proportionality depends on both the Young’s modulus and on the phase ratio. We can 
see (Eq. 8) that if the layer is thin and soft, i.e. when the product ψi Ei decreases, the higher gets the ratio and at the 
same time the higher ST of the layer and vice versa. 

The graphs of elastic coefficient dependencies (see Fig. 3) show that the coefficient significantly increases for 
stiff materials, if they occupy only a small amount of the structure volume. Thus, by reducing the amount of high 
stiffness material, the coefficient kD increases significantly. Obviously, by modifying the volumetric ratios of the 
MSE's, kD and thus, the thermo-sensitivity (ST) will be affected. 

In such cases, in order to reduce the coefficients kD and ST, the relative volume of the material must also be 
increased. 
 
6. Conclusions 
 

Having examined the TSs in the multilayer two-phase bars, it was obtained that the thermo-stresses in the 
layers along perpendicular axes Ox and Oz are equal, so the thermal stresses are identical to the stress intensity (von 
Mises stresses). 

By using the average value of Poisson's ratios, some methodological stress errors equal for both phases arise. 
The ratio between the thermo-stresses of different phases depends only on their volumetric ratios. If there is a 

need to make thermo-stresses proportional to the yield/strength limit of the material, then such a structure must have a 
proportionally lower amount of stronger and a higher amount of weaker material. 

If the volumetric ratios of the bar are equal, then the thermo-stresses are also equal; their size depends on the 
change of temperature and the difference between the coefficients of thermal expansion and mechanical properties of 
materials (Young’s modulus, Poisson's ratios). 

The authors suggest that for the temperature induced stresses in layered structures not thermo-stresses but 
thermo-sensitivity is more appropriate. It can be used to define what determines the values of TSs in the layers of 
MSEs. High thermo-sensitivity of the layers indicates that the change in temperature produces stresses near to the 
yield/strength limit of the materials, while for the layers with a low thermo-sensitivity those stresses are negligible. 

Each phase can be characterized by their thermo-sensitivity, the value of which depends on four coefficients, 
namely: thermal, deformational, elastic and dis-proportional. 

Thermal ratio assesses the influence of temperature change and the difference between the ratios of thermal 
expansion. Similarly, the deformational one reveals the influence of deformations at the yield/strength limit. The elastic 
one respectively impacts the Young’s modulus and Poisson’s ratios of the materials. Finally, the dis-proportional one 
depends on both Young’s modulus and the volumetric ratios of the phases. 

For the materials with higher Young’s modulus the yield/strength limit is usually smaller and thus their 
thermo-sensitivity is higher. This partially explains why the majority of ceramic materials have a high, metals have 
medium and plastics have low thermo-sensitivity in various structures of macro-composites.  
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Abstract 
 
The authors of the article on the example of a particular crossing suggest a description of a new project of adaptive 
control system of railway crossings work selecting for the adaptive system the most suitable adaptive control algorithm 
defining its main blocks, their functions, and operation algorithms. 
At the beginning of the paper the essence of complex objects control adaptation is analysed, and the most optimal one is 
selected from them. Then the main blocks of the suggested system and their operation are described applying the 
selected adaptive functioning algorithm. The paper is completed with the comparison of the effectiveness of the 
suggested system with the present one, proving that the suggested system can significantly compete and solve the 
problems with traffic in the movement of railway and sity transport. 
KEY WORDS: railway transport; embedded systems; adaptive control algorithm. 
 
1. Introduction 
 

Analysing the infrastructure of the present transport movement regulation the authors have come to a 
conclusion that the mutual regulation of the railway and city transport flows faces the problems becoming apparent in 
the traffic congestions in city or limited movement of the railway transport [1]. All these factors result in drawbacks for 
both types of the transport as well as increase time of movement for people within the range of particular routes.  

A part of these problems is formed by the ageing automation system having no opportunities to adapt to the 
increasing transport flow. It causes the necessity to develop a new adaptive system of railway crossings applying 
adaptive control algorithms being able to solve the considered problem, increasing the carrying capacity of both 
transport types flows adjusting to the movement of railway transport. Developing a new adaptive control system it is 
important not to complicate a lot the existed control system for maintaining the present level of safety. 

The authors make an assumption that a significant decreasing of city transport idle stay time can be reached 
improving the control systems of the crossings with the programmable logic controllers (PLC), the control programs of 
which apply adaptive algorithms, and specific sensors for giving an information about the position of a train. 
 
2. Purpose and tasks 
 

The purpose of the authors is to develop a new project of crossings control system applying adaptive control 
algorithms.  

The main tasks are:  
• To analyse an adapting essence of the complex objects; 
• To state the task of the adaptation of crossing control system; 
• To define the operation principles of the suggested system and its main blocks; 
• To prove the effectiveness of the suggested system by means of numeric example. 
 
3. The essence of the complex objects control adaptation 
 

The process of adaptation allows to realise the alignment of the control system to different specific operation 
conditions as well as variable conditions of environment. It considers some hierarchic levels [2]. 

One the most convenient from them is the parametric adaptation. Applying this type of adaptation the 
parameters of the control system are aligned to a particular case. The application of the adaptation of this type exists in 
the cases when instability of the variable parameters of the control object is obvious or other emergency situations take 
place during the operation of control system. The adaptation in this case allows alignment of the control system at each 
step of its operation not applying as an output the feedback of information flow between the control system and object 
under this control. 
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The adaptive control process of such type is often called a control with adaptive model of the object. The 
obvious advantages are the applied methods and equipment being close to the point of identification. Therefore the 
adaptation of the parameters is connected with their identification, i.e. determination of the object's parameters in its 
normal functioning mode. 
 

 
Fig. 1. Order of the control steps of a complex object 
 

However the process of the object control does not often give much enough information on the model 
correction as the control process is not different enough to inform on the object's specific features necessary for the 
synthesis of the control process and illustration of the object's model. 

This circumstance results in an artificial input of different control signals close to the normal operation 
conditions. The organization of these signals realises also the following adaptation order demonstrated in fig. 1 with the 
help of dotted line. Unfortunately in this case the effectiveness of the control is decreased however guaranteeing the 
successful control at the following steps. 

The adaptive control achieving the purposes during its process as well as specifying the parameters of the 
object is called a dual control as due to its specific organization it is directed to two purposes - object control and 
adaptation. 
 
4. Statement of the adaptation task 
 

The essence of the adaptation task is to modernise the control system of the railway crossing realising it taking 
into account the speed of the railway transport. .  

Let us consider a particular task of a control system VS of a railway crossing (fig. 2) as a control task. The 
control system under consideration mutually interacts with automobile and railway transport. The condition of the 
control system SS depends on the condition of train VS. The condition of the train VS is characterised with such criteria 
like speed V, coordinate X, length of the train L, etc. The control condition VS can be changed applying its adapting 
factors U [3]. The most important of these factors is time of delay taiztures determining in what time the crossing is closed 
for the autotransport and train can cross the point approaching it. 

The purpose of adaptation Z* defines the requirements to the criteria of a particular control system condition. 
These criteria can be of three types: 
1. Criteria of inequality: 

 0))(),...,(()( 1 ≥= UhUhUH p  

2. Criteria of equality: 

 0))(),...,(()( 1 == UgUgUG s  

3. Criteria of minimization: 

 min))(),...,(()( 1 →= UqUqUQ l  

The purpose of the adaptation task is connected with the solution of the following task: 
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Fig. 2. Adaptive block diagram of the control system 
 

For the solution of this task a criterion of minimization is selected determining the maximum minimization of 
the autotransport ineffective time of staying tgaidīšanas, without braking the existing safety norms of railway transport 
routing. 

One of the simplest algorithms of case searching is selected for the role of searching algorithm. This algorithm 
is called a case searching algorithm with linear tactics. The case searching of this type is based on the use of two 
operators. The first of them is case step operator ζ and the second is the operator of the previous step repeating (+). The 
work of each operator can result in either minimization function Q is decreasing )0( <∆Q , or not decreasing )0( ≥∆Q . 
Here 1−−=∆ NNN QQQ , but )( 1−= NN UQQ  – value of minimized function at N-th searching step. According to the 
result one or other operator is activated. 

The algorithm of case searching with linear tactics is based on the following obvious assumption on the 
optimization of the object's parameters: the possibility of success )0( <∆Q in the previous successful direction is higher 
that selecting this direction at random. In other words it is effective to repeat a successful step, but in the case of failure 
to make a case step, i.e. turn to operator ζ. 

The linearity of the algorithm tactics is based on the imitation of linear behaviour, i.e. direct repetition of a 
successful step.  

This algorithm is easy to illustrate with two oriented graphs, transferring from one operator to another in the 
case of failure. As it is seen in the successful case - the minimization function is decreasing - the algorithm repeats (+) 
its step U∆ , resulting in this success. In the case of failure the algorithm turns to the probabilistic operator  ζ and 
repeats it till the moment of realization of condition )0( <∆Q , i.e. till the first successful step. 
 

 
Fig. 3. Graphs of case searching algorithm with linear tactics a) in successful case; b) in the case of failure 
 
 

In recurrence form this algorithm can be illustrated as follows: 
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where a – volume of step ( aU =∆ ); ζ – value )1( =∆ξ case vector, evenly directed in all directions of the optimized 
parameters {U}. It means that all directions of vector ζ are equal. 
 
5. Structure of new system of crossing control and its main blocks 
 

Further for the realization of the selected adaptation algorithm a structure of new system is described. The 
mentioned above task is to develop a new adaptive control system of crossing that can as much as possible improve the 
traffic capacity of railway crossing for autotransport following all the necessary safety norms.  
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The suggested adaptive control system consists of 3 main parts: 
a) System of sensors installed at the point of railway route and locomotives to control along this route (Fig. 3); 
b) Programming logic controller installed in an enclosure of crossing control relay (VRS); 
c) Existing control system of the crossing equip0ment. 

System of sensors – the first task of it is to identify a train coming to the crossing. Sensors D1 and D2 installed 
at the railway route obtain a signal from sensor D3, installed at the train. For the case when this point is crossed by some 
undefined train sensor D4 is installed for fixing it. If obtaining a signal from D4 there are no signals from D1 and D2 then 
the crossing is blocked without taking into account closing time taiztures. 
 

 
Fig. 3. Principal control scheme of adaptive railway point 
 
 

The second task of the system is to test whether the train has achieved the preset control point KP. The given 
control point is situated at the distance VtL vestijuma

N
apr ⋅= from the crossing (the close sector), where tvēstījuma is the 

autotransport message time meeting the safety requirements, but V is the maximum speed of train at the railway sector 
under consideration. 

The third task of the sensor system is to assist in determination of the train speed V. With this purpose the 
sensors are placed at the distance of 10 m (for example) each from other, by means of that the signals defining the speed 
of the train are obtained with a fixed time intervals. 

The article does not contain the description of the application of the auxiliary sensor block necessary at all the 
identification railway sector for the determining of any train coming on time to the open crossing. This information will 
be accessible in further papers. 
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Fig. 4. Block diagram of PLC control program algorithm 
 
 

The programmable logic controller (PLC) – PLC is installed in an enclosure of crossing control equipment 
relay (VRS), and its task is to obtain signals from the sensors about the train approaching, make the necessary 
calculations and generate the control signal for the existing control system of the crossing. The block diagram of the 
PLC control program algorithm is in Fig. 4. 

The present control system of the crossing equipment – this system should control the equipment of the 
crossing (traffic lights, barriers, etc.) obtaining the control signals from PLC. Having obtained a signal from the existing 
rail circuit that the train has crossed the point the blocking equipment of the crossing opens the way for autotransport. 
 
6. Example of a new adaptive control system operation 
 

Sensor D1 installed on the railway obtains a signal from sensor D3 installed at train and sends it to the PLC 
installed in the control relay enclosure. In time 21 =t s the same signal is obtained by sensor D2 installed on the way and 
also sends it to PLC. Getting these signals The PLC control program calculates the speed of the train: 

 5
2

10
==V m/s, or 18 km/h (1) 

At the next step PLC control program calculates duration of the train way to the crossing at the calculated 
speed that in this case will be equal to tkustības: 

 2.152
5

761
==kustibast s (2) 

Further using time tvēstījuma = 34.3 s, control program of PLC calculates necessary close time taiztures, equal to 

 9.1173.342.152 =−=−= vestijumakustibasaiztures ttt s (3) 

In fact it is the time that could be saved at the given case if to compare it with the present system of equipment 
control. The obtained time and safe distance Sdrošības corresponding to time tvēstījuma at different values of speed are given 
in Table 1. 
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Table 1 
Vtek, km/h Sdr.tek, m taiztures, s 

10 95.27 240.09 
15 142.91 148.63 
18 171.5 118.14 
20 190.55 102.89 
30 285.83 57.16 
40 381.11 34.29 
50 476.38 20.57 
60 571.66 11.43 
70 666.94 4.89 
80 762.22 ≈0 

 
From Table 1 it is obvious that at the speed of trains of 15-20 km/h that is mostly the speed of the cargo trains 

it is possible to save 100-150 s at the expense of close crossing, that is large enough period of time, that will give an 
opportunity to decrease the time of autotransport staying in city. 
 
7. Conclusions 
 

The following conclusions have been made working on the given paper The application of the adaptive 
algorithms modernising the present railway control systems (crossing control systems) can as much as possible adapt it 
to the increasing transport flow decreasing staying time of the transport and increasing an average movement speed at 
the given routes or the intensity of movement. 

With the example of a particular project using data of a real crossing where the established problem is topical 
the following is proved: at low enough values of speed of trains (10-15 km/h) it is possible to decrease the time of 
inefficient staying of the city transport up to 8 min. This time is saved in the case when the given crossing is crossed by 
one train but the fact should be taken into account that during twenty-four hours the number of these trains achieves 30-
40 units therefore the total time is significantly increases. 

The authors are sure that the further investigation of the problematic sectors of the railway system will 
discover more places for application of the algorithm of the considered type, renovating the old system, its equipment, 
allowing not only to increase carrying capacity but also to improve the level safety in this system. 
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Abstract 
 
In this paper stand for testing of data communications in industrial automatic control systems is presented. Stand allows 
testing and evaluating the influence of the various disturbances in laboratory or factory floor environments. DeviceNet 
is low-level industrial application layer protocol for industrial automation applications. It is mostly used for 
communications of simple industrial devices (sensors and actuators) with PLC. Created stand is useful for students and 
plant specialists because it allows investigating of fieldbus networking, data transmission speeds and formats, data 
frames, wiring and cabling properties, influence of loading resistors and industrial noise to transmitted data. DeviceNet 
network created and configured for communications with other networks (Ethernet, RS-232, RS-485, MechatroLinkII 
and Internet). 
KEY WORDS: control systems, communication network, portable stand, devicenet, problems analysis, signal 
attenuation, industrial noise. 
 
1. Introduction 
 

When solving control systems design problems, one of the critical questions is right choice of communication 
network. There is large quantity of solutions from many suppliers. The problem is a leak of practical knowledge for the 
industrial process operators and students because they are familiar with communication technologies only from the 
textbooks [1]. 

The goal of this work is creating of portable stand that allows investigation of communication networks under 
different circumstances (industrial environments with voltage spikes, electrical and magnetic fields, powerful gears, 
shielded/unshielded cabling types and lengths, data transmission speeds, etc.). The targeted users are students and 
industrial plants operators. 

DeviceNet and Profibus (Fig. 1) networks are mostly used for communications of industrial devices with PLCs. 
DeviceNet communication system was taken as background for stand design, because the basic components in 

author’s disposition were from OMRON Company.  
 

 
Fig. 1. Most popular fieldbuses used in appropriate level of industrial networks [2] 
 

Ethernet covers all four levels in the tear of communications and concatenates all other networks.  In the 
practical implementation of control systems, it is important to achieve not only stable and acceptable communications 
for optimal control of plant processes, but it is very important to understand how it is possible to reduce the influence of 
disturbances and to protect the control system from crash. 

These problems are particularly relevant not only to control system design: in the control systems practice these 
problems are typically resolved by comparing and reconciling the results of alternative design decisions. So, investigation 
stand allows introducing students and engineers not only with architecture of communication devices, but also gives 
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scope to analyze sources of disturbances and other problems. Communication network of modern plant has immediate 
connection to Internet. It gives various possibilities of remote control, maintenance, alarming or monitoring [2]. 

Web based IP camera is also included as standard element for visualization of industrial devices. Stand control 
was organized by using interactive display NS8-TV01B-V1. The structure of designed network is shown in Fig. 2. 
 

 
Fig. 2. Structure of stand for investigation of communications 
 

Fluke 196B oscilloscope was used for analysis of physical signal parameters. The oscilloscope has memory for 
scoping of non – synchronized signal [5]. 
 
2. DeviceNet network 
 

DeviceNet is a digital, multi-drop network that connects and serves as a communication network between 
industrial controllers and I/O devices. Each device and/or controller is a node on the network. As a producer-consumer 
network, DeviceNet supports multiple communication hierarchies and message prioritization. DeviceNet systems can 
be configured to operate in a master-slave or a distributed control architecture using peer-to-peer communication [3].  
Built on the standard CAN (Controller Area Network) physical communications standard DeviceNet uses CAN 
hardware to define an application layer protocol that structures the task of configuring, accessing and controlling 
industrial automation devices [3]. 
 
3. Ethernet and Internet networks 
 

Ethernet network was attached to the stand by communications master module controller CJ1M-CPU13 
(Fig. 2). Ethernet speed is 10 Mbps/100 Mbps. Stand is connected to the Internet network by switch with IP addressing 
and TCP/IP protocol. Choosing of various bus connections allows configure all stand devices and observe control data 
from interactive display NS8-TV01B-V1 or from Internet [4]. 
 
4. Devices visualization camera  
 

Actually, in industrial control systems IP cameras are used. Sony SNC-DH110 - Extra-compact IP Camera was 
included to stand design. Camera parameters are remotely configured and used for watching of devices state (for 
example, synchronization of servo drive speed, measuring of temperature, etc.). Using of camera with connection to 
Internet allows to students do laboratory works remotely. 
 
5. Interactive display 
 

In many modern industrial automatic control systems, interactive displays are used as devices for 
communication system monitoring and configuring. In the stand interactive display NS8-TV01B-V1 is used. Main 
stand devices were visualised and communication topology was made Using CX – Designer software (Fig. 4).  
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Fig. 4. Main window of interactive display and configuration window of inverter 
 

Visualization window allows easy configure stand’s devices and see control information. Standard Omron 
solutions were used for device configuration window. 
 
6. Disturbances, problems analysis and measurements  
 

Main disturbances and problems that occur in communication network are:  
• attenuation of communication signal in the long bus;  
• signal delay in the long bus; 
• industrial noise.  

For analysis of communication signal attenuation various DeviceNet length bus wiring 120 ohms cables were 
used (6.25 m; 12.5 m; 25 m; 50 m; 100 m; 200 m). Connection points of cables are shown in Fig. 5. 
 

 
Fig. 5. Connection points for one node for wiring lengths analysis 
 

The influence of different DeviceNet bus wiring lengths was analyzed and attenuation of communication 
signal was measured by using two-beam oscilloscope. The scope of signal voltages is shown in fig. 6. Measurement of 
signal attenuation using different bus lengths is shown in Table 1. 
 

 
Fig. 6. Measured signals in measuring points (1st point – input signal, 2nd point – output signal) 
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Table 1 
Measuring attenuation in different bus lengths 

Drop – line length 6.25 m 12.5 m 25 m 50 m 75 m 100 m 200 m 
Attenuation of the signal amplitude, % 20.9 0.0 11 37.5 42.7 55 67.3 

 
Graph view of signal amplitude attenuation measuring data is presented in Fig.7. For analysis of signal delay in 

the long cable additional length of cable was used. Measurements of signal delay were found very small and 
communication errors occur only when length was more than 200 m. Industrial noise influences communication 
systems. Modern communication systems use properly shielded bus cables, good protected against industrial 
electromagnetic noise. The measurement of noise effects in the stand was done using unshielded wiring. 
 

m 

% 

 
Fig. 7. Signal amplitude attenuation dependance from drop – line lengths 
 

Measurement data shows that using short bus line (less then 25 m) imitation of high voltage sparking has no 
influence to communication.  If the line lengths exceed more than 50 or 75 meters, it is possible to see with oscilloscope 
noise pulses that distort signal in bus. Signal and noise influence is shown in Fig. 8. 
 

 
Fig. 8. High voltage sparking noise effects in 50 meters communication bus 
 
 

Aside of mobility investigation stand allows measuring and analyzing different types of noise sources that 
influence data transmission. 
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Conclusions 
 
1. Created stand allows testing and evaluating the influence of the various disturbances in laboratory or factory floor 

environments. 
2. Stand is useful for students and plant specialists because it allows investigating of fieldbus networking, data 

transmission speeds and formats, data frames, wiring and cabling properties, influence of line terminating resistors 
and impact of industrial noise to transmitted data.  

3. DeviceNet network created and configured for communications with other networks (Ethernet, RS-232, RS-485, 
MechatroLinkII and Internet) what extends its usefulness for teaching process. 

4. Some simple research experiments are made: analysis of cable length influence to the occurrence of errors in 
transmitted data and signal attenuation, scoping of the physical signal form, analysis of data frame structure.  
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Abstract 
 
In this article the current breakthroughs of the recuperative braking systems are being reviewed. Furthermore, the 
implementation of recuperative braking systems in road transport is being analysed. In addition, braking energy storage 
devices schemes, energy loss analysis and relative fuel usage analysis will be provided. 
KEY WORDS: recuperation breaking system, braking energy transmission, braking energy efficiency. 
 
1. Introduction 
 

The latter period is characterized by the development of the transport complexity, when qualitative changes 
were facing not only one but several technical parameters of transport systems. The type of fuel switching determines 
the most significant structural changes in the vehicle. For example an electric power consumption in transport. Vehicles 
are becoming appropriate to use a renewable energy sources or recuperative brake systems. Recuperative braking 
system works in automatic mode, so the brakes can be used for automated control of the vehicle or to improve its safety. 
 
2. Effectiveness of recuperation braking system and using trends of braking energy  
 

Recuperative braking system efficiency η can be evaluated through the energy losses in its modes of operation 
[1-3, 5]: 
• braking power released during the absorption ηA; 
• efficiency of energy storage ηK; 
• efficiency of energy use ηU; 
• losses of power transmission ηT. 

Then, the overall recuperative braking system efficiency 

 TUKA ηηηηη =  (1) 

According scheme of (Fig. 1) the recuperative braking system may have a different amount of system 
elements, and this leads to overall system performance. 

Certainly, this recuperative braking system components related to performance is clear that the system 
performance needs to achieve two objectives: 
• reduce the number of system components; 
• improve each of the components of the system performance. 
 

 
Fig. 1. Scheme of transmission of braking energy 
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In road vehicles the primary braking energy form is rotational movement of the drive shaft. In this case the 
closest recuperative system would be flywheel type and would be mounted as close to the wheels as possible. However, 
this system would be split between each wheel. Hence, the control of such a system and the braking characteristics of 
the wheels would be difficult and the system itself very expensive. On the other hand, in this kind of system, when 
compared to generator/engine systems, there is no energy loss caused by change in energy type. 

The braking energy storage methods and areas of application depend on the mode of transport, its technical 
parameters, energy and other aspects of nature. Braking power diversions are applied in two opportunities (Fig. 2) [4]: 
• accumulation, followed by transmit to the same vehicle; 
• transfer energy to other users. 
 

 
Fig. 2. Braking energy use 
 
3. Innovative braking energy return to the grid system 
 

One of the main aspects to develop this system is reducing a voltage leap in the electrical grid.  Another 
problem is stopping production of electricity output to the mains network when there is no electricity shortage. Due to 
these problems, inventory of the stationary energy became applied. So, then it is used for the same vehicle during 
acceleration and transport infrastructure to meet the electricity needs (station lightning and others) [6]. 

Another way to solve these problems is a mobile power storage mounted on the vehicle. In this case, energy of 
electricity which is generated while stopping is used only for purposes of the vehicle. 

Accumulator battery still remains the most popular braking energy storage device. This energy storage system 
has been started to be implemented in railways as well. Battery parameters have a direct link with its mass and the 
better the parameters the bigger the battery. However, in stationary storage devices this problem is not so important.   

In the last few years the focus on flywheel energy storage devices has greatly increased [8].  The main two 
constructions are: 
• braking energy is transferred to the flywheel mechanically. 
• braking energy is transferred to the flywheel in electrical current from (engine/generator type construction). 

The main advantage of the first type construction is that the energy loss due to transfer is relatively low. 
Furthermore, there is no change in energy form which reduces the energy loss even more. Because the system is 
mechanical, energy storing/releasing cycles depend on depends on mechanical system deterioration and reaches a few 
million cycles. The main difficulty with this system is the control of energy storage and release. It might be difficult to 
get a smooth transfer from energy storage to release cycles. Furthermore, the main disadvantage of this system is that 
the energy storage time is very short. The amount of energy stored depends on the flywheel mass and rotation speed. 
And since increase in the size and mass of flywheels is undesirable the only option is to increase the rotation speed. 
When durability and strength problems are solved the current flywheels can rotate up to 80 000 per minute [13]. In 
order to reduce friction with these high RPMs the flywheels are put in vacuum chambers. 
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Fig. 3. The braking energy in land transport  
 

Innovation in energy storage systems are pressure chambers. These storage systems are also called hydraulic 
batteries. However, energy is stored only by pressing gas, and fluid is used to transfer the braking energy [11]. The 
spring pressure systems can also be classed in the same category. 
 
4. Perspectives of recuperative braking systems 
 

Prospects of recuperative braking systems can be evaluated by analysing the energy consumption trends [9]. 
30-year cost-benefit analysis of the United States vehicles is submitted in Fig. 4. Heavy vehicles whose fuel 
consumption is greater than the absolute amount of light, fuel costs remained virtually the same during entire analysed 
period. While the car industry is entering the era of electric cars, freight cars are only now starting to apply the hybrid 
system, along with a recuperative braking system. 
 

 
Fig. 4. Motor vehicle fuel economy from 1966 to 2008 
 

The first deployment in serial production in heavy goods vehicles can be considered a company Volvo, which 
issued a hybrid FE model [10]. Accumulator battery is used for energy storage, braking – the engine/generator equipped 
with a diesel engine in flywheel area. Innovative technology path to their application in series production usually takes 
several years. Although, the model of Volvo has just released to the market without the possibility to buy it (so far only 
apply to rental contracts). This company has developed new ideas of recuperative braking systems of energy storage by 
using flywheel. 

However, a different alternative to the recuperative braking system was chosen by the Bosch Rexroth AG 
engineers in German company [15]. They developed a hydraulic recuperative system which was installed in one of the 
Mercedes Benz brand good vehicle which performs urban utility maintenance services. Used for the construction of a 
hydraulic transmission system support braking energy stored in the reservoir through the membrane compressing the 
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gases contained where. Since the transport services in the field of commercial vehicles are used mainly in urban areas, it 
is possible to predict signs of recuperative braking effect. According to test results, fuel consumption was reduced by 
25%. This is a really good result considering the fact that the absolute amount of fuel consumption is expected to fall  
7-10 litres per 100 kilometres. 
 
5. Conclusions 
 
1. After reviewing current recuperative braking systems development we can see that kinetic energy storage devices 

are quickly making their way into the market. 
2. Recuperative systems with kinetic energy storage devices have an advantage of being easily adaptable to be used in 

a variety of different cars. 
3. New area of batteries usage – stationary energy storage devices in railway systems. However, further analysis is 

needed to see if it will be advantageous. 
4. A big size and mass of the tip-up trucks and their relatively short distances between braking can be exploited for 

recuperative braking systems as well. 
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Abstract 
 
The paper presents an investigation of the optical properties of nanodiamondoids. The main emphasis has been given to 
the nature of the obtained spectra. A special attention has been paid to the energies of the orbitals of the different 
particles.  
KEY WORDS:  nanodiamondoids, optical properties, transitions. 
 
1. Introduction  
 

Nanodiamonds have great interest in research over recent decades because they are very promising materials 
for nanotechnology due to their unique properties which combine mechanical, thermic, radio and chemical stability and 
large surface area [1-6]. They represent an important class of materials with a great interest in the science of medicine 
and biology because of ability to be used for drug delivery and bio-labeling applications [7, 8]. Diamondoids are 
nanometer-sized, hydrogen- terminated diamond hydrocarbons, i.e. nanodiamonds that are emerging as complementary 
materials to fullerenes and carbon nanotubes. The first and simplest member of the diamondoids group, adamantane, is 
a tricyclic saturated hydrocarbon (tricycle [3.3.1.1] decane) [9]. The smaller diamondoid molecules are adamantane 
(C10H16), diamantane (C14H20), and triamantane (C18H24), with the general chemical formula C4n+6H4n+12. These lower 
adamantologues, each has only one isomer. However, results of our theoretical investigations indicate, that between the 
smaller diamondoid molecules the C16H28 should be mentioned too: the particle stability is similar well known 
diamondoid such as triamantane. It is interesting that the structure of our investigated particles remains face-centered- 
cubic with similar lattice parameter 3.54 -3.60 Å. However, the corner-cube- carbon atoms are out of the cube plane. 
Additionally, in several cases the number of the carbon atoms is insufficient to form center -cube lattice, but tetrahedral 
shape characteristics of the diamond are assumed. Based on these results, we predict, that corner-cube- carbon atoms 
that are out of the cube plane could be removed from the diamondoids that leads to the decrease of the particle size. It is 
well known that diamond cubic is in the Fd3m space group, which follows the face-centered cubic bravais lattice. For 
diamond the cubic crystals lattice is "decorated" with a motif of two tetrahedrally bonded atoms in each primitive cell, 
separated by 1/4 of the width of the unit cell in each dimension [10]. The smallest number of atoms in the lattice is 18 
and more, thus there is no doubt that the smallest nanodiamondoids describe well optical properties of the diamondoids 
that size is over 10 nm. Thus, when the number of atom in the particle is smaller than 18 (the number of carbon atoms 
describes fully face-centered cubic bravais lattice) there is not clear several important features: do the optical properties 
of the small diamondoids consist of 18 and less number of carbon atoms are similar. The quantum mechanical 
investigations are performed to shed some light on the above questions. 
 
2. Method of investigation 
 

The stabilities and the electronic structure of the small nanodiamonds were investigated by using the 
generalized gradient approximation for the exchange-correlation potential in the density functional theory (DFT) as 
described by Becke’ s three-parameter hybrid functional, using the non-local correlation and provided by Lee, Yang, 
and Parr . The DFT method is commonly referred to as B3L YP [11, 12] - a representative standard DFT method. The 
TZV basis set for C, N and H atoms has also been used [13]. The structures of the investigated nanoparticles have been 
optimized globally without any symmetry constraint and by starting from initial geometries that correspond to the 
structure of the nanodiamond cell.  Then the atoms of the carbon atoms that are out of the cube plane were removed. 
Hence, the initial geometry of clusters was constructed according to certain symmetry. Two different structures were 
investigated. The excited state is investigated by TDDFT method within TZV basis set [14]. The GAMESS program 
suite was used for all simulations here [15]. 
 
3. Results 
 

Let us remember that face-centered-cubic lattice is cubic in shape with identical atoms at each corner and in 
the center of each face. Moreover, the more covalent materials tend natural to assume tetrahedral shapes characteristics 
of the diamond. The tetrahedrally bonded atoms can be viewed along any of three axes as sheet of hexagonally shaped 
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chair structures. It implies, that if the nanodiamond consists of 18 C atoms, at least four atoms are not joined with others 
carbon atoms. Thus we are firstly investigated nanodiamonds consist of 18 C atoms surrounded by different number of 
H atoms [15]. Obtained results indicated, the two C atoms (that were in the corner of cube) are joined with the H atoms 
that leads to formation of two CH4 molecules, while other two corner C atoms joined with symmetrically placement C 
atoms at the face of the cube. It is necessary to mention, that presence of the CH4 molecule have no influence to the 
stability of the particle, therefore they are not used in our investigations [15]. To foresee how optical properties of small 
diamondoids are changed when the number of C atoms decreases, we performed investigation of the structure when the 
above corner atoms are not present. The investigation of the structure of the above carbon derivatives indicate, that 
removing of one-three C atoms leads to the completely destruction of the face-centered-cubic lattice, i.e. the structures 
are not nano-diamonds. The face-centered-cubic lattice is present in the structures investigated where all the corner 
atoms (4) are removed. It is a reason why we presented the results of only two investigated structures (Fig.1 and 2). 
 

 
Fig. 1. The structure and absorption spectra of the C14H16 

nanodiamondoid 
Fig. 2. The structure and absorption spectra of the 

C10H16 nanodiamondoid 
 

It is possible to see that the spectra are truncated at high energy. Moreover, the spectra shift to the high energy 
range is obtained when the number of the C atoms in the particle decreases. The results very well fit results obtained by 
Y.J. Rati and et al. [16]. However deeper analysis of the both transition nature and molecular orbitals indicate that the 
presented transitions are π→π* type, they related with excitation of differently arrangement atoms. In the case of the  
C10H16 nanodiamondoid there are excited each C atoms consist of the particle, while in the case of the C14H16 
nanodiamondoid the carbon atoms that are in the cube corners, i.e. only four atoms (an additional in respect of the 
C10H16), are excited. To understand the obtained phenomenon, we present investigations of the eigenvalues of the 
investigated particles (Fig.3). 
 

 
Fig. 3. The eigenvalues of the described diamondoids 
 

It is obvious, that with increasing of the number of the C atoms, the number of the occupied and unoccupied 
orbitals increase. Moreover, the gap of the C10H16 particle is larger than that of the C14H16. Only one orbital (HOMO-4) 
of the C10H16 particle interacts with one (HOMO -4) of the other particle and the interaction have not influence to the 
spectra truncated at the high energy due to the level position below HOMO. Most important is that additional occupied 
and unoccupied levels occurred in the gap of the C10H16 particle. It leads, that there are excited C atoms of the C14H16 
particle that are additional ones in respect of the C10H16 particle. The above observations allow us to conclude that 
spectra nature of the investigated particle is different and explain why the spectra are shifted to the high energy range. 
Based on the results obtained, we may speculate that the number of atoms in particle investigated must be larger than 18 
to properly interpret optical properties of the nano-diamondoids. 
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4. Conclusions 
 

The quantum mechanical investigations are performed to foresee how optical properties of the diamondoids 
depend on the number of atoms in the particle. The theoretical results exhibit that removing off from one to three C 
atoms of the C14H16 particle leads to the destruction the face-centered-cubic lattice, i.e. the structures are not nano-
diamonds. It is obtained, that the spectra C10H16 and C14H16 particles are truncated at high energy. The spectra shift to 
the high energy range is obtained when number of the C atoms in the C14H16 particle decrease. The investigation of the 
transitions exhibited the observed transitions are π→π* type, however there are not possible to state that different 
particle spectra are the same: 
1. In the C14H16 particle, there are excited cube-corner C atoms, that are an additional ones in respect of the C10H16 

particle. Other carbon atoms that placement is such as that in the C10H16 particle are not excited. 
2. In the C10H16 particle,  there are excited all C atoms, that formed the particle. 

Based on the obtained results, we conclude that spectra nature of the investigated particle is different. It 
implies, that the number of atoms in particle investigated must be large than 18 to properly interpret optical properties 
of the nano-diamondoids. 
 
References 
 
1. Krueger A. Diamond Nanoparticles: Jewels for Chemistry and Physics. -Advanced Materials. (20, 2008) 2445. 

DOI: 10.1002/adma.200701856. 
2. Baidakova M., Vul A. New prospects and frontiers of nanodiamond clusters. -J. Phys. D: Appl. Phys. 40 6300 

(2007). doi:10.1088/0022-3727/40/20/S14. 
3. Jacques V., Wu E., Grosshans F., Treussart F., Grangier P., Aspect A., Roch J.-F. Experimental Realization of 

Wheeler's Delayed-Choice Gedanken Experiment. -Science, 315 (2007). 
4. Lewis R. S., Ming T., Wacker J. F., Anders E., Steel E. Interstellar diamonds in meteorites. -Nature 326 (1987). 

doi:10.1038/326160a0. 
5. Lewis R. S., Anders E., Draine B. T. Properties, detectability, and origin of interstellar diamonds in meteorites. -

Nature 339 (1989). 
6. Amari S., Lewis R. S., Anders E. Interstellar grains in meteorites.1. Isolation of of SIC, graphite , and diamond – 

size distribution of SIC and graphite -Geochim. Cosmochim. Acta 58 (1994). 
7. Schrand A. M., Ciftan Hens S. A., Shenderova O. A. Nanodiamond particles: Properties and perspectives for 

bioapplications. -Crit. Rev. Solid. State. Mater. Sci. 34 (2009). 
8. Huang H. J., Pierstorff E., Osawa E., Ho D. Protein-Mediated Assembly of Nanodiamond Hydrogels into a 

Biocompatible and Biofunctional Multilayer Nanofilm. -ACS Nano 2 (2008). DOI: 10.1021/nn7000867. 
9. Ali Mansoori G. Diamondoid molecules. -Advances in Chemical Physics 136 (2007) 207. 
10. Koji Kobashi. Diamond films: chemical vapor deposition for oriented and heteroepitaxial growth (Elsevier, GB, 

2005). 
11. Becke A. D. A new mixing of Hartree-Fock and local density-functional theories. -J. Chem. Phys. 98 (1993). 
12. Gordon M. S., Binkley J. S., Pople J. A., Pietro W. J., Hehre W. J. Self-Consistent Molecular Orbital Methods. 

22. Small Split-Valence Basis Sets for Second Row Elements. -J. Am. Chem. Soc. 104, 2797 (1982). 
DOI: 10.1021/ja00374a017. 

13. Schaefer A., Huber C., Ahlrichs R. Fully optimized contracted Gaussian basis sets of triple zeta valence quality 
for atoms Li to Kr. -J. Chem. Phys. 100, 5829 (1994). DOI: 10.1063/1.467146. 

14. Schmidt M. W., Baldridge K. K., Boatz J. A., Elbert S. T., Gordon M. S., Jensen J. H., Koseki S. 
N. Matsunaga, K. A. Nguyen, S. J. Su, T. L. Windus, M. Dupuis, J. A. Montgomery. General Atomic and 
Molecular Electronic Structure System. -J. Computational Chemistry 14 (1993) 1347. 

15. Sliogeris A., Tamuliene J., Vaisnoras R. Quantum mechanical investigations on the structure and stability of the 
smallest diamondoids with defects. -Materials Physics and Mechanics, (MPM), No 2, Vol. 12, 2012, pages  
186-194. 

16. Raty J. Y., Galli G. Optical properties and structure of nanodiamonds. – Journal of Electroanalytical Chemistry 
584 (2005) p. 9–12. 

 
 



 159

Proceedings of 7th International Conference ITELMS’2012 
 
Analysis of the Wear a Conical Gear Pairs, and the Possibility of Applying 
Machine Vision to Analyze the Microstructure 
 
D. Sprečić*, E. Mujanović** 
  
* University of Tuzla, Faculty of Mechanical Engineering, Univerzitetska Str. 4, 75000 Tuzla, Bosnia and Herzegovina,  
E-mail: esprecic@bih.net.ba 
** University of Tuzla, Faculty of Mechanical Engineering, Univerzitetska Str. 4, 75000 Tuzla, Bosnia and 
Herzegovina, E-mail: ennessm@hotmail.com 
 
Abstract 
 
Knowledge of the possible damage to gear teeth and cause damage to those essential for the proper design, material 
selection and dimensioning elements gearbox. In the paper are given the essential theoretical concepts and models 
chosen to solve the problem of damage flanks of gear teeth using different types of lubricants. In the experimental part 
of the execution of tests damaged gear teeth flanks in regard to the type of lubricant. Findings that have been reached 
and the results of experimental studies, can be used to extend the working life of conical gear pairs and thus reduce 
damage to gear teeth flanks for different types of lubricants. Effect of different types of lubricants, as well as the 
thermal effect on the static and dynamic characteristics of the damage is determined by the appropriate model. Results 
obtained from experimental studies provide qualitative and quantitative comparison of the impact of uneven geometry 
(macro and micro geometry), the types of lubricants and working conditions. In the case of poor lubrication in the 
intensive intervention can wear contact surfaces bevel gear pairs. In fact this can happen to microstructural changes due 
to a possible increase in termperature elements in the mesh, especially at higher rpm. Thus, one way of observing 
microstructural changes on the touch surface of gear pairs is the application of machine vision. . In this article we 
present the possible application of the machine vision to the microstructure analysis parts of the spherical joint. 
KEY WORDS: gears, conical gears, lubrication, jamming, pitting, cog flanks, machine vision. 
 
1. Introduction 
 

The gears are mechanical elements that serve to transmission of a rotational movement from one shaft to 
another, or for conversion of rotational movement into translational movement and inversely. For rotational movement 
transmission, different types of gears serve to it, such as: cylindrical, conical, hypoid, worm gear, and for conversion of 
rotational into translational the gear pairs i.e. gear lath is in use [1]. From the aspect of tooth shape, the gears can have 
flat, slope, arrow-headed, curved teeth, and from the aspect of an axis position of gear pairs, gearing is divided into the 
one with parallel axis, the axis that intercept and axis that bypass. During the gears work, while flanks of a tooth are in 
contact, the rolling and scrolling are appearing. The differences in a way of working and characteristics of a clutch of 
tooth flanks have a dominant effect on formation of lubricant layer, as well as on general conditions of lubrication. 
When it comes to a cylindrical gears, in the moment of a clutch, the contact is made in a root and a top of a machine 
drive, in respect to a vertex of machine drived. At that moment, the attrition of scrolling  and rolling is present. When 
the contact of a tooth flanks move towards circles parts, the attrition of scrolling is decreasing, so while contact is still 
on, only the rolling attrition is present. In further gears work there is a movement of a contact from circle parts to a back 
of a machine drive and a root of a machine drived, while the scrolling attrition is appearing again, so that its 
participation will be directly at the most before the contact end.  

For all cylindric gears, no matter of a tooth shape, the contact of flanks will be accomplished in one line. At 
conical gears there are rolling and scrolling attrition appearance, but therewith a contact is in a line between cog flanks 
regarding gears with straight teeth, while the gears with a curved teeth have the contact at the point. However, when 
dealing with the worm gears transmitters, the scrolling attrition prevails with almost none or very small participation of 
rolling attrition. At cylindrical worm gear the contact is made at the point, at globoid one-way-walk worm gear the 
contact is in a line, while at globoid two-way-walk worm gear the contact is made on a surface. At hypoid gears at 
which the axis bypasses, the scrolling attrition prevails. The size of this attrition is proportional to the distance of axis of 
hypoid gears.  

The above mentioned conditions of contact and character of attrition are the base for the application of an 
appropriate lubricates devices as well as ways of lubrication. The cause for elastine-hydrodinamic lubrication 
emergence is as such as of a big specific pressure on teeth cog flanks, while elastic deformation of teeth cog flanks will 
be seen as a result. Thereat the contact at a point will outgrow into the contact in a circle, and the contact in a line will 
be the contact on a surface [6]. From a lubrication aspect, gears can be divided into two groups and these are: 
• Gears with a flat teeth, 
• Gears with a curved teeth. 

At gears with a flat teeth the overload is on average level value with a possible hitting overload, and these 
gears are often aimed for change of a rotation direction. Regarding that,for the lubrication of these gears, the oils with 
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EP additives are in use. At the gears with a curved teeth, the local overload are big, there is no hitting overload, and 
because of an incresed participation of scrolling attrition, there are higher temperature contacts. Because of that for the 
lubrication of this gears the oils with additives are in use and are based on chlorine and phosphorus, at an incresed 
temperatures, chemically bonding with metal surfaces. When choosing the lubricant for lubrication of a gear 
transmitters, the following constructive characteristics and gears working conditions should be taken into cosideration: 
• The type of gearing and angular speed of gear machine drive, 
• Transmittal relation, 
• Strenght, 
• Temperature, 
• Surface roughness of teeth flanks, 
• The size and character of overload, 
• Types of lubrication, 
• Presence of impurity, 
• Presence of humidity or other agressive substances. 

According to the shafts axis placement of machine drive and gears of machine drived, they can be divided into: 
• Cylindric gears (at which the axis are parallel), 
• Conical gears (at which the axis are interceptted), 
• Hyperboloid gears (at which the axis are bypassing). 
 

 
Fig. 1. Different shapes of conical paired gears with straight teeth 
 
2. Wearing and damaging of surfaces 
 

All engines, circuits and mechanisms are made of only a few basic moving engine elements: bearings 
(scrolling and rolling), gears, chained transmitters and steel ropes. In all those elements, the basic appearance is relative 
movement on different surfaces in a direct or indirect contact. The movement can be: 
• Scrolling of one surface onto another, 
• One element rolling (wheel, bowl, cylinder) onto a flat surface, 
• Combined movement. 

An the contact point there are complex mechanical, thermal, and chemical appearances. Two basic processes 
appearing during relative movement of an engine material are attrition and material wearing in mutual contact on the 
surface area. The attrition, as inseperable surfaces feature of a material pairs contacting is undesirable in a huge 
majority of elements, engine's circuits and other mechanical devices (except at brakes and mechanical junctions where 
in useful process). The appearance of attrition power at the scrolling and rolling surfaces while in contact do not lead 
only to useless energy demand (conversion of lost mechanical energy into heat), but because of surfaces' wearing and 
damaging there is a possibility of heavy elements and circuit damages, and finally the cancelling of an engine and a 
plant. Complex mechanisms processes during attrition appearance, and its consequences at various conditions, 
especially processes of surface wearing and possibilities of their decrease, are the subject of research of a science called 
Tribology [3, 7].International name tribology is derived from the Greek word tribos-attrition and logos-science, while in 
some countries it is known under the name of attrition, wearing and lubrication. Triblogy studies the phenomenons 
known for a long time and as such it does not represent novelty, but moreover  it emphasizes a new approach to the 
problems of attrition and materials wearing, as well as the role of the lubricants and lubrications. Material surfaces 
wearing and damage of engine elements in a direct or inderect contact and mutual relative movements are of a very low 
value. That ensures, in most of the cases, very small and slow changes of geometric surface shapes, tolerance and 
dimension of a mechanic elements and small changes of metelurgical and mechanical features of material [2, 5]. All 
that bring the results of a long period of element duration (especially mechanical), changes of their performances within 
allowed limits, and by that an increased security accompained by sudden cancelling of their funcionality. Besides 
definite moderate wearing of material existance and the surface that we today consider as in normal appearance in a vast 
number of cases, in practice we are finding out the empowering and abnormally high surfaces' wearing and damage, 
which in a relatively short period of time lead to cancelling and brakage of mechanical elements, and by that to 
cancelling of engine work and whole plant too. 
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Table 1 
Causes for errors of a defined mechanical elements 

Causes for errors 
Gears Scrolling bearings Rolling bearings 

% 
Unadequate calculation and construction 6.9 9.1 13.8 
Errors in material 0.8 3.6 1.9 
Production and montage errors 17.6 10.7 14.4 
Unadequate exploatation, maintance and control 36.7 39.1 37.4 
Wearing of material during long-lasting work 38.0 30.5 28.5 
Other  7.0 4.0 

 
3. Types of gears lubricants for lubrications 
 

The most important step when choosing the types of lubricants for gears lubrications is viscosity 
determination. The viscosity of oil is determined according to edge speed or the factor of speed power. For choosing a 
viscosity of oil for closed gear's transmitters with a flat teeth and conical teeth, and in dependence of edge speed, the 
diagram shown in the Fig. 2 can serve as an explanation. The overview of lubricant types for gears lubrications, and 
general recommendation of use for some gear types are given in the following shedule [4]. 
 

Table 2 
Recommendation for use of a certain types of lubricants for gear's lubrication 

Lubricant name 
Gears types 

Spur gears and conical with 
straight and curved teeth Hypoid Worm gears 

Oils with additives against 
oxidation Normally overloaded It is not recommended Only for smaller overload 

and at small speed 

Oils with EP additives Heavily overloaded with 
hitting overload 

Appropriate for most 
numbers of 
transmitters 

Appropriate for most of these 
transmitters 

Compound mast oil with 5 
to 10% of adiposed oil Mostly not applied Appropriate only for 

smaller overload 
Appropriate for most of these 
transmitters 

Viscose lubricant for open 
transmitters Only on slow-walked gears 

Appropriate for small 
speeds, but only EP 
additives 

Only for a small speed with 
desired EP additives 

Ointment Slow-walked opened gears It is not recommended Only for a small speed with 
desired EP additives 
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Fig. 2. A diagram for determination of oil viscosity for cylindrical and conical gears in dependence of edge speed and 

gears material 
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4. Research and analysis of gear flanks damages 
 

By programmes' research, depending on cancelling types of gear flanks for conical gears with straight gears 
(devastation, holing, breakage), all activities should be defined. In a wider sense it encompasses the following: 
• Visual overview, 
• Outter effects (different types of lumbricants, atmospheric conditions, environment), 
• Control overview (apparatus roughness measurement), 
• Basic geometric measures of gears and aberrations because of wearing and plastic deformation 

The procedure of gear flanks researching in a labaratory aimed at measuring and controlling, by using the 
apparatus for measuring roughness MITUTOYO Surftest SJ-301. For the research, two conical gears with straight teeth 
were examined, depending of two types of lubrication oil. During the research, the analysis of gear wearing is done 
depending on a type of lubricant (oil) used. Elastohydrodynamic lubrication with two types of oil was used: 
• Lubricant 1, 
• Lubricant 2. 

Lubricant 1 is multiused gearbox oil with EP additives on phosporous base-sulphur technology. It is used at 
conical gears transmitters in the middle and high condition overload, as well as lubrication of bearing. Lubrication 1 is a 
standard gearbox oil for the majority of working conditions and it is a based mineral oil. Temperature area of 
application is under 70 (°C) for a prolonged application. The additives against wearing are EP/AW.  

Lubricant 2 is an oil for extremely overloaded transmitters, hitting overload, go-stop working conditions, small 
movement speed. Decreased coefficient of attrition  omes to expression at a limited conditions, the feature enabled by a 
special mixture of solid fuels particles. The most effective is at the hitting pressures, go-stop working conditions and 
small speed movement. Lubricant 2 is a based mineral oil. Temperature area of application is below 80 (˚C) for a 
prolonged application. The additives against wearing are MOS2. On the Fig. 3 conical gears are shown with a straight 
gears 1 and 2 on which the cog flanks damage examination is conducted. 
 

   
Fig. 3. Conical gears with straight teeth 

examined Ds 126/2-40,58 (mm) 
 Fig. 4. The procedure of cog flanks examination (holement) of conical 

gears with straight teeth 
 

The Fig. 4 shows the examinational procedure of conical gears with straight teeth on the apparatus for 
roughness measurement of surface MITUTOYO SURFTEST SJ-301. 

In the case of poor lubrication in the intensive intervention can wear contact surfaces bevel gear pairs. In fact 
this can happen to microstructural changes due to a possible increase in termperature elements in the mesh, especially at 
higher rpm. Thus, one way of observing microstructural changes on the touch surface of gear pairs is the application of 
machine vision. 
 

  
Fig. 5. Measurements results comparisons while using different types of lubrications, lubricant 1 and lubricant 2 for 

conical gearing 1 and conical gears 2 – measurement I 
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Fig. 6. Measurements results comparisons while using different types of lubrications, lubricant 1 and lubricant 2 for 

conical gearing 1 and conical gears 2 – measurement II 
 
 
5. The possible application of the machine vision techniques 
 

For more quality identification of microstructure changes on of conical gear, with the clasical laboratory test 
we proposed the possible application of the machine vision to the microstructure analysis the conical gear. Improving 
basic inspection techniques may be accomplished by applying some new tools or devices that make inspection points 
easier to see. 

Machine vision system will give us input information to intelligent system for microstructure analysis.The 
structure of the proposed machine vision system for microstructure analysis (MVS for MA) is shown in Figure 7. In the 
cadre of the microstructure changes we marked the presence of: austenite, martensite, benite, ferrite and etc. For that the 
size, shape and colour are key characteristics for visual monitoring change of microstructure. It consists of next  
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elements: microscope + CCD camera, PC platform – host processor system, software for microstructure condition 
monitoring- application software for end-user (developed GUI which user Neuro Inspector or IMAQ Vision functions 
as ActiveX control). Functional schema of proposed machine vision system is shown on Figure 8. It consists from three 
functions: image capturing,, image processing and features extraction. Figure 9 shows flowchart of MA (Microstructure 
Analysis) software development [8]. The basic idea is to develop a program which will be capable for automatic 
microstructure monitoring using image processing techniques. 
 
6. Conclusions 
 

At the work done, theoretical settings are analyzed as well as the models of problems solving for a damaged 
cog flanks by using different types of lubricants. In the experimental part, the examination of the  cog flanks is 
conducted respectively to the types of lubricants used. The knowledge derived from the experimental part and the data 
received by conducting experimental part can be used for the conical gear’s pairs working period prolongation, and thus 
the decrease of cog flanks damage for different lubricants types. The results measurements are represented by diagrams 
for chosen conical gears with straight teeth and lubricants types. The effect of application of a various lubrications and 
heat activity onto static and dynamic damage, the characteristics are defined by the model shown in a diagram. The 
results received by the experiment enable qualitative and quantitative comparison of an uneven geometry effect (macro 
and micro geometry), types of lubricant oils and working condition. For the overall research a multidiscipline approach 
is needed because it encompasses a big number of scientific areas and the disciplines in theoretical as well as in 
experimental part. 

By examining the gear flanks with a conical gears, while implementing different types of oils, the following 
results have been reached: 
• Devastation of teeth flanks at conical gears pairs are considerably small and it is necessary to have bigger number of 

working hours in order to have criteria correctly and precisely defined at which there is more of gear flanks wearing. 
• Lubricants 1 showed better results respectively to lubricants 2 for 5%-10%, at measurement I, and for 10%-15% at 

measurement II. 
• Application of different kinds of lubricants is necessary to prolong working duration period of conical gears with 

straight teeth. 
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Abstract 
 
This paper presents the investigation of various additives influence to water movement and compositions of pores and 
crystals in concrete. Three concrete classes and three different kinds of additives were used to make nine particular 
samples. Experiment results and microscope photos shows that the crystalline additive gives better resistance to 
moisture then waterproof and plasticizer additives.  
KEY WORDS: concrete, moisture, structure, moisture weight content, pore, capillary, floor, ground, concrete 
additives. 
 
1. Introduction 
 

Concrete exploitation environment causes chemical and physical effects that have influence to the entire 
structure or certain items. These effects are not included to the bearing load conditions calculation during design.  

Ambient temperature is also an important factor that determines the appearance of concrete structural failure 
rate. As the temperature rises, chemical and electrochemical reactions accelerate. When the temperature rises 10°C, the 
reaction rate, approximately, doubles. The large building construction can accumulate big heat quantities. For example, 
during the hardening of concrete temperatures could rise by more than 38°C compared to the temperature of the laying 
mixture. The expansion caused by temperature differences it is a result of shrinkage deformation. It is a crack grid, 
single cracks or collapse of building composites. In this case, the best defense is properly made and designed 
contraction joints in concrete structures. 

Degradation of damaged structures and development of cracks are faster when they have absorbed moisture 
from the environment. Water, as a mediator carries the chemical elements, the minerals dissolve, merge them into new 
formations. 

For example, a concrete floor often is in a contact with damp soil. Therefore, the moisture content of concrete 
floors, more volatile compared to other building structures. The humidity causes various operational problems (for 
instance, alkaline concrete corrosion occurs, when in the reaction zone relative humidity is from 90 to 95%), although 
concrete are equipped with proper flashing and prevent direct migration of water. However, these problems can be 
caused by water vapour diffusion in the concrete itself.  

The investigation of damaged concrete floor showed that the influence of temperature and moisture content of 
concrete is more vulnerable [1] than previously thought. Moisture penetration kinetics of the first floor of the building is 
a variable phenomenon and depends on the actual ambient temperature. Building floor construction made of concrete is 
affected by ground water, hygroscopic, and condensing moisture. 

Pores that are in cement stone depending on their form, size and nature can be divided into three groups: the 
capillary pores, gel pores, a pair of air (Table 1).  
 

Table 1 
The pore distribution of concrete (IUPAC, p) 

Name Pore radius r Description 
Gel pairs <1,0 nm Mikro gel pairs 
 1,0 – 25 nm Mezo gel pairs 
Capillary pair 25 – 50 nm micro-capillary pairs 
 50 nm – 1 µm Macro capillary pairs 
Air pair >1 µm Whole cavities, cracks and pores of air 

 
Espinosa [2], perform calculations and found that the minimum of dry cement gel porosity is 28%. This shows 

that the gel pores takes a one third of neologism in gel volume. Espinosa and Neville believe that all stages of hardening 
of cement is formed in almost the same porosity neologisms gel (about 28% porosity) and the ongoing cement 
hydration does not have a significant impact on neologisms formed before the gel structure.  

Pores are very small and do not affect the concrete strength and permeability, but the loss of water caused by 
the gel pores of cement make stone shrinkage and creep. Pores are formed in concrete mixtures mixing process. To 
increase the amount of air, special additives are used. Air pairs are from 50 to 200 µm in size and are much larger than 

mailto:rstankaitislt@gmail.com
mailto:jovita.kaupiene@ktu.lt
mailto:andrius.stasiskis@ktu.lt


 166

the capillary pores. Air pairs reduce the strength of the hardened mixture, but increase the frost resistance and water 
impermeability.  

Moisture transportation occurs in all porous media where a driving force is present. The driving force may be 
either a concentration gradient or an external pressure. If there is an external pressure gradient through the material, 
moisture either in liquid phase (water) or vapour phase (in air) is forced through the material. This type moisture 
transport will not be further discussed here as it is not relevant in this investigation. 

Moisture transport due to a concentration gradient is divided into two types: vapour transportation and 
capillary transportation. Vapour transport occurs in non water filled pores and is further divided into Knudsen diffusion, 
surface diffusion and ordinary diffusion [3]. 

Diffusion is a net flow of molecules due to random motion from a region with higher concentration to a region 
with lower concentration of molecules. Knudsen diffusion is diffusion in very small pores where the collision between 
molecules and pore walls has a significant influence on the rate of diffusion. Surface diffusion is the movements of the 
bound adsorbate, where water molecules move between adsorption sites, see Figure 1. Capillary transport occurs in 
water filled pores due to pressure differences in water menisci, Figure 2. Since it is no interest to separate the different 
transportation mechanisms, the total moisture flow is usually described. 

Moisture transport is normally dependent on moisture state and temperature in the material 
 

   
Fig. 1. Schematic picture of diffusion in a pore, where 

molecules in random motion tend to move 
towards lower concentration 

 Fig. 2. Schematic drawing of water meniscus formed 
in a pore 

 
2. Research methodology and tools 
 

To determine and analyze the moisture movement the three different concrete classes samples were used. Each 
of them had different additives. All together there were nine different samples. Following materials were used: cement 
(CEM II / AL 42.5 MPa, the particle density ρc = 3100 kg/m3), sand (particle density ρsm = 2650 kg/m3 bulk density of 
sand ρsm = 1700 kg/m3); crushed dolomite (particle density ρst = 2600 kg/m3 bulk density of dolomite rubble 
ρstp = 1400 kg/m3 void Tst = 39%), water, superplasticizer (“Muraplast”), waterproofing additive (“Proof”), crystallline 
additive (“Xypex Admix”). Concrete additives were used according manufacturers guidelines. 
 

Table 2 
Concrete composition 

Materials Measure 
1m3 of concrete mixture 

C20/25 C25/30 C30/35 
Quantity of cement kg 290 290 300 
Quantity of water l 180 172 168 
Quantity of dolomite rubble kg 900 920 960 
Quantity of sand kg 1060 1070 1030 
Crystalline additive (dosage depends on the quantity of concrete) kg 0,55 0,55 0,55 
Superplasticizer (dosage depends on the quantity of cement) l 2,03 2,03 2,1 
Waterproofing additive (dosage depends on the quantity of cement) l 2,9-5,8 2,9-5,8 3-6 

 
Samples of concrete cubes (100×100×100 mm) and cylinders (dia. 4.6 mm) were stored in water at a constant 

temperature and hardened for 28 days according to requirements of LST EN 12390-2:2003 [4]. After a 28 days average 
compressive strength of concrete was measured. The results are shown in Table 3. 
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Table 3 
Concrete strenght results 

Concrete class & additives 
Max. Force, kN Strenght, MPa Average of 

strenght, MPa 1 2 3 1 2 3 
C20/25 with superplasticizer 289,3 286,8 265,6 29,0 28,5 26,5 28,1 
C20/25 with crystalline add. 311,0 304,0 278,8 31,0 30,5 28,0 29,8 
C20/25 with waterproof add 245,6 248,9 233,5 24,5 25,0 23,5* 24,3 
C25/30 with superplasticizer 340,1 337,1 340,7 34,0 33,5 34,0 33,9 
C25/30 with crystalline add. 370,7 394,8 378,5 37,0 39,5 38,0 38,1 
C25/30 with waterproof add 218,9 224,3 202,6 22,0* 22,5* 20,5* 21,5* 
C30/37 with superplasticizer 317,6 299,5 362,2 32,0* 30,0* 36,0 32,6* 
C30/37 with crystalline add. 432,1 417,5 403,6 43,0 42,0 40,5 41,8 
C30/37 with waterproof add 228,2 236,5 243,1 23,0* 23,5* 24,5* 23,6* 

* Results that do not match strength requirements (are 1, 0 or more MPa lower than needed). 
 
 

  
Fig. 3. The definition of sample strength  
 
 
3. Water absorption in concrete samples 
 

Cylinders were cut into smaller two-centimeter tablets. Before the start of the experiment these samples were 
dried at 105°C to constant weight and insulated with waterproof strip. Between the samples we put filter paper sheets to 
improve contact between surfaces of the samples. Places around all joints were isolated with silicon and covered with 
waterproof strip again. Every assembled column was made of ten tablets. Tablets and constructed column are showed in 
Fig. 4. 
 

 
Fig. 4. Preparation before water absorbtion test 
 

The samples were placed in a vitreous baths with water so that the water was 1-2 mm above the bottom surface 
of the column. All of these samples about 20 days were kept in vapor-proof cabinets at a constant temperature of 18°C; 
the relative humidity was 80%. Every 2-4 days the column was dismantled and tablets weighed. The KERN 572-45 
weighting-machine was used, the machine accuracy is ±0.05 g. 

The results are shown in Figures 5, 6 and 7. 
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Fig. 5. Relative humidity in samples with crystalline additives 
 
 
 

 
 

 
Fig. 6. Relative humidity in samples with superplasticizer 
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Fig. 7. Relative humidity in samples with waterproof additives 
 
 

The smallest amount of moisture was found in samples with crystalline additives. The main difference is in 3rd 

and 4th tablet in every sample column. Comparing concrete classes the least water variations spotted in C30/37 samples, 
because there is the smallest water and cement ratio. The biggest water variations observed in concrete with 
superplasticizer. Velocity of capillary suction changes because of the material structure of inequality, the increasing 
influence of gravity forces and often occurring closed pores and capillaries. 
 
4. Evaluation of concrete structure 
 

Concrete structures were carried out with scanning electron microscope E-Line (SEM). It is very important to 
properly prepare samples to have good quality of assessment and photos. Concrete samples analyzed using Raith Gmbh 
E-Line equipment. The software combines scanning electron microscope (SEM), the detector surface chemical analysis 
(EDX), vacuum system, mounting and positioning system, image generation and processing system, lithographic 
system. The entire system is integrate and managed by computer that allows performing image analysis procedures in 
100mm × 100mm area with 10 nm accuracy.  

All samples were coated with conductive coating, using aluminum. Coating thickness was 50-80 nm. Analyzed 
concrete surface was covered by aluminum with a physical vacuum deposition method, using a device AVACO HVC600 
and evaporated by heating the material by electronic beam. Thickness control was performed with silica scales during 
vaporization time. SEM forms image by focusing matrix of electric beam light into a small area. 

SEM is useful for investigating cracks, pores, capillaries and sediment-filled cracks or cavities. Scanning with 
electron microscope allows to find not only a much smaller surface structure of the derivatives (increase to 1 million 
times), but get much better contrast due to the large depth of field (up to 30 mm). The concrete pores and capillaries are 
distributed randomly. Size, arrangement of pores and mutual relationship between them is random. Pores differ not only 
in size but also the shape, orientation and location in space.  

Figures 8 and 9 show that concrete, with the crystalline additive, structure has no large pores and structure 
thicker. The other samples yielded small pair (3-40 µm). The view is magnified 10,000 times in photos. 
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Fig. 8. Flat surface of concrete with waterproof, crystalline and superplastizer additives 
 
 

 
Fig. 9. Broken surface of concrete with waterproof, crystalline and superplastizer additives 
 
 
5. Conclusions 
 
1. The investigation results show that crystalline additive increases the concrete strength, structure is denser and 

moisture absorption in samples is the lowest. 
2. Waterproofing additive is better for preventing moisture transportation than superplasticizer. However, the 

compression test results show that the waterproofing additive (tried only one manufacturer) reduces the strength of 
concrete. This must be taken into account in producing the external bearing building structures 

3. Fluctuations of water depend on the water and cement ratio in concrete, where this ratio is smaller then lower is 
water absorption. 

4. The humidity settles within 14 days, reaching 8-10% moisture content (or 3.4 to 4.2% by weight content) in the 
intensive drying of the concrete (10 cm thick) at a temperature 105 °C. 

5. Concrete curing speed is more dependent on environmental conditions than the density of concrete. 
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Abstract 
 
The paper presented structural aspects of external magnetic field effect of chromium ferritic steels, solving problems of 
plastic deformation. 
КEY WORDS: ferritic steel, magnetic field, dislocation, domain, plastic deformation. 
 

The research considers structural aspects of external magnetic field effect (B ≤ 1.0 Tl) on deformability of 
chromium ferrite under conditions of initiation and growth of brittle crack. The investigations were carried out using 
stainless monoalloyed ferritic steel of the type ЭП-638 of industrial delivery [1-3], which contains 16% Cr and (C+N) 
up to 0.02 %, heat-treated on the regime of stabilizing (730°C with a subsequent cooling in air).  

It has been shown that under the influence of magnetic field on steel investigated such important structural – 
sensitive characteristic of ferrite damping capacity as logarithmic decrement of oscillations increases considerably (up 
to 15-20%) and this indicates to the increase of ductility and damping capacity of material under conditions of 
mechanical loading. Experiments showed that the hysteresis mechanism of internal friction conditioned by the nature of 
magnetic-mechanical dissipation of energy and in particular by the appearance of additional component of magneto 
strict deformation in the fields of acting elastic stresses as well as unlock of dislocations and interdomain boundaries 
from impurity centers of fixing playing a role of peculiar kind of stopper was of great importance.  

Study of steel substructure using electronic microscopy (method of thin foils) confirms a considerable change 
of behavior character of metal dislocation formations under the influence of magnetic field and their interaction with 
domain structure. A visible in the microscope deformation contrast demonstrates a general improvement of some 
structural characteristics proving increase of dissipation level of oscillation energy. Specifically, energy losses by 
mechanical loading depend considerably on the character of distribution dissipative forces through grain volume, which 
determine the damping capacity of material. The so-called magneto plastic effect makes a valuable contribution to steel 
relaxation process and formation of more favorable character of elastic stress field’s distribution in the area of formation 
of embryonic dislocation cracks [4-5]. In this case the kinetic oscillation energy of sliding dislocations, depending on 
the character and degree of magneto static interaction of domain and dislocation structures, may increase considerably 
and promote a local intensification of the process of magneto stimulated plastic flow of metal in the acting sliding 
planes and this influences considerably the dynamics of stress state formation in the area of brittle embryonic cracks 
appearance and changes the kinetics of their propagation. 

The obtained results widen existing notions of the nature and interaction mechanism of domain and dislocation 
structures of ferromagnetic materials and permit prediction of deformation behavior of ferritic steels and alloys under 
conditions of the influence of magnetic field and plastic deformation with the consideration of structural aspects.  
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Abstract 
 
The research considers the welding-technological properties of stainless hydrogen-resistant steels as the perspective 
structural material for feed systems of automobile engines, operating on hydrogen and petrol-hydrogen fuel. It has been 
shown that by using the modern material science and technological approaches is possible to increase considerably the 
serviceability of welded joints and structures under conditions of a prolonged operation in media containing hydrogen. 
KEY WORDS: welding technology. 
 
 

The obtained results can be used by the development and manufacture of ecologically pure automobile 
transport of new generation, operating on hydrogen fuel. 

Owing to an evident trend in recent years to use hydrogen in motor transport as ecologically clean and high 
calorific energy carrier [1-4] a problem raises of material science provision of motor vehicle (automobile) engineering 
being developed which is operating with the use of hydrogen and petrol-hydrogen fuel. This research considers one of 
the aspects of this urgent and complex problem on developing highly adaptable to manufacture structural materials for 
the equipment of automobile bright transport. The welding-technological properties of stainless ferritic steels of the 
types КС-8, ЧС-72, ЧС-73 and ЭП-638 [4-8], used for welded structures and units of metal-hydride systems of 
automobile engine feed. The welding of specimens made from 0.5-3.0 mm thick sheets and thin-walled tubes was 
carried out using argon-arc, manual electric arc, electron-beam and laser processes. The steel weld ability was 
determined on the following main criteria: resistance to the nucleation of hot and cold cracks; metal sensitivity to 
thermal influence of welding; conformity of welded joint properties with the given operation requirements (strength and 
ductile properties, impact strength, heat resistance, corrosion resistance, etc.). 

The technological strength determination of welded joints carried out using the Bauman University procedure 
and LTP-1 facility has shown that weld metal demonstrates a sufficiently high resistance to the nucleation of hot cracks 
(Acr = 8 mm/min). The specimens were subjected to stabilizing annealing or thermo-cyclic treatment (TCT) to revile 
welding stresses, to recover initial physical and mechanical properties and also to reduce the heterogeneity of the 
chemical and phase composition [9-11]. In this case the required values of ductility (δ ≥ 20%) and corrosion resistance 
of welded joints in media containing hydrogen. The hydrogen penetration of weld metal and heat-affected zone is 
determined by welding technology and practically is at level of base metal penetration. 

The complex investigations of the effect of various TCT regimes for similar and dissimilar welded joints of 
recommended hydrogen-containing ferritic steels, carried out with the use of mathematical planning methods made 
possible to develop optimal regimes of thermo-cycling of welded structures and units of feed system of automobile 
engines using hydrogen fuel. A new ecologically pure technology of thermo cyclic treatment of welding equipment is 
protected with a patent and is widely used in transport machine-building. The results of performed research are reflected 
in the main regulations and recommendations for welding of hydrogen resistant steel and alloys with the structure of 
chromium ferrite and this made possible to provide the required serviceability and operation integrity of welded joints 
and structures of ecologically pure automobile transport. 
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Abstract 
 
Sensitivity dependence on the fiber diameter of two pair multimode fiber optic reflection amplitude modulated 
displacement sensor was investigated by modelling and experimentally. Diameter D of the fibers core was 50, 70, 105, 
170, 200 µm. The one multimode fiber optopair reflection amplitude modulated displacement sensors was applied as 
base for implementation of the two optopair fiber sensor. Output signals U dependence on the displacement h  
(U-h characteristics) of this one optopair fiber sensor was explored for creating ones of two optopair fibers sensor. 
There were determined that: 1 – the maximal sensitivity Ssubmax  linearly increase as the diameter of fibers increase,  
2 – maxdivS  decrease exponentially as the diameter of fibers increase, 3 – the sensitivity Ssubmax maximum value depends 
on U-h characteristics crossing point abscise, 4 – max ( )divS D decrease monotonically on U-h characteristics crossing 
point abscise. Experiment results verify modelling ones. 
KEY WORDS: fiber optics, fiber diameter, sensor, sensitivity. 
 
1. Introduction 
 

Different diameter multimode fibers are employed for implementation optopair reflection amplitude modulated 
displacement sensors [1-10]. Plastic 0.5 and 1 mm diameter multimode with shield fibers was employed in reference 
[1]. Dependences of output signals Ssub = (A − B) and Sdiv = (A − B)/(A + B) of the sensors on distance h from the active 
fiber tips to mirror were obtained. These dependences are linear in the distances have been investigated. Sensitivity Sdiv  
of the sensor was obtained 129 mV/µm and 53 mV/µm for the fibers diameter 0.5 mm and 1.0 mm, respectively. 
Results were not discussed. More results on this question in our deposition we have no found. 

In this paper we reveal not only advantages of two multimode fibers optopair reflection amplitude modulated 
displacement sensor (TS) and one multimode fibers optopair reflection amplitude modulated displacement sensor (OS) 
in comparison with [4], but also present modelling and experimental results of the TS sensitivity dependencies on fibers 
diameter. 
 
2. Experimental set-up 
 

Output signal U-h characteristics were measured by using a scheme shown in Fig. 1. Fibers A, L 
(WF50/125P0.22; WF100/125 P0.22; WF200/230 P0.22) were installed in SMA 905 connectors. The angle between 
fiber axes was 2θ =27º. The maximal output signal and minimal distance minb  were carefully controlled. SMA emitter 
(H22E4020IR), of 15 dBm power, λmax=850 nm and a stabilized current supply 80 mA were used. Output power of the 
sensor was measured by a precise fiber emission gauge LP-5025-8. Fibers A, L and the mirror (Au) were fastened on a 
precise XYZ positioning device under a microscope on the mounting desk. The positioning step was controlled by an 
electronic device and, in addition, by a micrometer (±0.5 µm). The angle 2θ between the axes of active fiber tips was 
defined by the microscope scale indices. 
 
3. Results and it interpretation 
 

Foremost OS was created by the fibers WF50/125P0.22; WF100/125 P0.22; WF200/230 P0.22 as 
diagrammatically was shown on the Fig. 1. U-h were measured and were represented on Fig. 2. The outputs of OS rise 
from zero to maximum values and than drops off. A portion of both the near side and the far side of the output curves 
are linear. The sensitivity of this OS was carefully investigated [10]. 

The simple method to implement TS was proposed. The main idea is artificial displacement of U-h that near 
side will cross the far side as was shown on Fig. 3. Crossing point abscissa is 154 µm. Dependences of signals A-B and 
(A-B)/ (A+B) on distance h was calculated and represented on Fig. 4. Yet here could be seen the sensitivity of signal A-
B increase and (A-B)/ (A+B) decrease as fiber diameter increase. 

Sensitivity of TS on crossing ordinate was investigated only by modeling to obtain maximal or optimal value 
because the modeling results are congruent with experiment. Investigation results are represented on Fig. 4. 
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Fig. 1. Schematic view of the TS Fig. 2. Calculated and experimental dependences of 

signal UA on the displacement h of the OS. The 
parameters k = 1.7; m = 4/3 for all graphs 
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 It appears from that the sensitivity Ssubmax is nonlinear function of the crossing point ordinate and have maximal 
value at Ucross /Um = 600/0. One have seen The Ssubmax increase as diameter of the fiber increase. maxdivS decrease 
monotonically as Ucross /Um increase and decrease as diameter of fiber increase.  
 The essential thing was to reveal regularities the sensitivities Ssubmax and maxdivS in dependence on diameter of 
the fiber core. For this purpose were applied hypothetical fibers 70/125 and 150/180 TS. The results are represented on 
Fig 6. It was determined Ssubmax increase linearly as diameter of fiber core increase, whereas maxdivS decreases 
exponentially as core diameter of fiber increases.  
 
4. Conclusion 
 

Sensitivity dependence on the fiber diameter of two pair multimode fiber optic reflection amplitude modulated 
displacement sensor was investigated by modelling and experimentally. Diameter D of the fibers core was 50, 70, 105, 
170, 200 µm. The one multimode fiber optopair reflection amplitude modulated displacement sensors was applied as 
base for implementation of the two optopair fiber sensor. Output signals U dependence on the displacement h (U-h 
characteristics) of this one optopair fiber sensor was explored for creating ones of two optopair fiber sensor. There were 
determined that: 1 – the maximal sensitivity Ssubmax linearly increase as the diameter of fibers increase, 2 – maxdivS  
decrease exponentially as the diameter of fibers increase, 3 – the sensitivity Ssubmax maximum value depends on U-h 
characteristics crossing point abscise, 4 – max ( )divS D  decrease monotonically on U-h characteristics crossing point 
abscise. Experiment results verify modelling ones 
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Abstract 
 
Objective of this paper is to design an embedded device for an intelligent rolling stock safety system which could 
provide a possibility for railway transport to avoid dangerous situations. The authors examine the algorithms used in 
artificial immune systems and ways how they can be used together and provide data for each one other via 
communication protocols. 
The authors review data analysis methods used to detect, predict and control undesirable rolling stock travel conditions. 
KEY WORDS: immune algorithms, classification, railway transport. 
 
1. Introduction 
 

The research aims to develop a way for the electric railway transport to avoid dangerous situations. 
Objective of this paper is to design an embedded device for an intelligent rolling stock safety system which 

could provide a way for railway transport to avoid dangerous situations.  
Artificial immune systems (AIS) were mentioned in some papers in mid 1980s but became a subject in its own 

right in 1994 in papers on negative selection by For-rest et al. [1] and Kephart et al. [2]. Currently the systems are 
actively explored for possible use cases. Dasgupta et al. [3] investigated a real-valued negative selection algorithm for 
aircraft fault detection. Watkins et al. [4] presented a simplified version of a clonal selection algorithm called AIRS 
(Artificial Immune Recognition System) and Negi [12] implemented an AIS for urban traffic control which responds to 
undesirable situations. 

The authors examine the algorithms used for data analysis in artificial immune systems and ways how they can 
be used together and provide data for each one other. 
 
2. The system analysis and design 
 

During journey the rolling stock driver may experience many undesirable situations and have to make 
decisions on how solve them. The situations may include such examples as: 
• the last car from the flow is still on the level crossing 25 seconds before the train arrival, while the safety regulations 

require the crossing to be cleared at least 35 seconds before train arrival; 
• a daredevil is running across the tracks somewhere in the urban zone; 
• there is a red signal on the railway traffic light; 
• there is a wide but harmless rod lying between the tracks, etc. 

Each of these situations requires different actions or no action at all. The driver may have to apply brakes, 
speed up, continue the steady movement and in any case communicate the information to the control center and other 
drivers. 

The desired result conforms to at least two require-ments: 
• there are no casualties; 
• the train is on schedule. 

A common situation is illustrated on Fig. 1, where L is a locomotive and I is an invading object on tracks. 
 
 

 
Fig. 1. A common unwanted situation on the railway tracks 
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The authors offer the intelligent rolling stock safety system functional design which is presented on Fig. 2. 
 

 
Fig. 2. The intelligent rolling stock safety system functional design 
 
 

The invading object I is picked up by sensors S and the data is transmitted to the nearest cell tower CT, which 
relays it to the control center CC and nearest locomotives wireless modems M. Through the same modem the 
locomotive L receives data about closest neighbors’ rolling stock position and status, railway segment profile and 
maximum allowed speed. 

L also hosts: a positioning receiver G which receives data from a positioning satellite ST; data analysis module 
AIS which communicates to the immune detector database DBD and control cell database DBC. Depending on the 
results of control cell maturation the module makes a decision and executes it by sending a control signal or displaying 
an alert to the driver. 

The information is also communicated to the device on a level crossing LC through a similar modem M. 
The principles behind AIS, DBD and DBC are discussed further in the article. 

 
3. Mathematical formulation 
 

Let U ∈ R be problem space, 
P ∈ U – set of known “good” situations, 
S(t) ∈ U – current situation which changes with time t, 
D = {D1, D2, …, Dn} ∉  P – set of  detectors, 
C = {CD1(1), CD1(2), …, CD1(p), CD2(1), …, CDn(p)} – set of control cells affiliated to detectors, 
E = {E1, E2, …, Em} – set of encountered situations, 
W = {WE1D1, WE1D2, …,WE1Dn, WE2D1, …, WEmDn} – set of detector weights in different situations. 
Distance between two points on a sphere: 
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4. The general algorithm 
 

The possibilities for learning implementation are the following: either make the system fully automatic and let 
it discover all the data by itself; or set two-stage learning with the initial training and continuous self-improvement. 

Therefore the intelligent rolling stock safety system general algorithm is such: 
1. Fill in the initial values D for DBD by running the negative selection training routine. 
2. Run in real time the detection routine using the negative selection algorithm. 
3. Determine the possible situation identifiers (detectors which matched above a given threshold). 
4. Assign weights to the detectors based on their «distance» to the situation. 
5. Retrieve a population of control cells C from DBC which are related to the activated detectors. 
6. Run the control cell maturation routine using the clonal selection algorithm. 
7. Execute the found optimal solution. 
8. Communicate the information to the control centre CC. 
9. Continue from step 2. 

The most feasible way to implement such a safety system would be, like in case of hybrid IDS [5], through the 
two phases of anomaly detection and determination of their type to draw a conclusion. In this case the incoming data 
from the sensors is the set of antigens. The data includes but is not limited to speed, acceleration, voltage, rotation and 
operational temperature. 
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5. The negative selection algorithm 
 

The problem in AIS is represented as an antigen and solution candidates as antibodies which are randomly 
generated from the library of available solutions or genes. The evaluation of affinity or degree of binding between the 
antigen and the anti-body is similar to complementarity level in biological IS and it defines the fate of each individual 
antibody as well as termination of the whole algorithm. 

Negative selection algorithms need training samples only from one class (self, normal), thus, they are 
especially suited for the tasks such as novelty, anomaly or change detection including those in engines and other 
devices. The key advantage of anomaly detection systems is their ability to detect novel attack patterns for which no 
signature exists, while their most notable disadvantage is a larger false positive rate. 

The algorithm: 
1. Define U, P and S (see ch. 3). 
2. Generate a set of candidate detectors Ca = { ca1, ca2, …, can }. 
3. Compare each candidate cai to the set of known good elements P. 
4. If a match occurs, discard the individual cai, otherwise store it in the mature detector set D. Or, to maximize the 

nonself space coverage with minimum number of detectors, move the matched candidate away from the closest 
element pj, then store it in D. 

5. Monitor S for changes by continually matching it against the detectors in D. If any detector matches, the change 
which has occurred most likely is dangerous, as D is designed not to match any normal sys-tem state. 

This algorithm produces a set of detectors capable to recognize non-self patterns. The action following the 
recognition varies according to the problem under consideration. In the case of transport safety control system it could 
be an alarm or issue of an immediate stop signal depending on the detected situation. 

The detectors and the caught dangerous conditions are stored in immune memory for further processing and to 
provide further information about the consequences of the attack and possible future actions instead of simply reporting 
the incidents. 
 
6. The clonal selection algorithm 
 

The algorithm: 
1. Generate a population P of candidate solutions. 
2. Determine the n most stimulated individuals. 
3. Clone the selected cells. The number of clones is an increasing function of the stimulation level. 
4. Submit the clones to a hypermutation scheme. 
5. Reselect the improved clones to the population P. 
6. Perform the suppression – remove from P the less stimulated lymphocytes. 
7. Perform diversity introduction – add a number of newly generated candidate solutions. 
8. Repeat from step 2 until the terminating condition is satisfied. 

Individual antibodies are replaced, cloned and hypermutated until satisfactory level of affinity is reached. 
Partial replacement of the solutions’ population with fresh randomly generated candidates maintains diversity which 
allows solving a wider set of problems. The probability of cloning or hypermutating a candidate depends on its affinity. 

While usually cloning is proportional and hypermutation is inversely proportional to each candidate’s affinity, 
there’s also a version of this algorithm called AIRS [4], which is a bit closer to a genetic algorithm and where 
hypermutation happens on an independently random rate. 
 
7. The experiment 
 

The experiment involved controllers on the locomotive and in the railway traffic light control box interacting 
with a server and each other. The data set for the experiment was taken from the two controllers in the field attached to 
a locomotive and a traffic light control box. The data exchange scheme is presented on Fig. 4.  

The communication between the controllers was facilitated by GPRS modules and a server running on a PC; 
the data was exchanged using a set of custom text messages on top of an open protocol which facilitates observation 
and control of the whole process with a wide range of tools for PCs and mobile phones. Through the chain of software 
tools – communications and data collection server, an instance of PHP script (could be anything capable of network and 
database communication) – the data was piped from the controllers to the database tables. 

Upon receiving the data about its own and the traffic light location the locomotive embedded device calculates 
the distance between them according to the formula of distance between points on a sphere. 

When the braking distance matches or exceeds the calculated distance and the traffic light is set to red, the 
device immediately activates the train brakes. 

Some signal instability was detected in the GPS feed and some data overflow in the exchange process. 
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Fig. 3. The experiment overall and data exchange plan 
 
 
8. Conclusions 
 
• Learning process for the intelligent rolling stock safety control system should consist of two phases: 
o Initial training and detection – immune negative selection algorithm, 
o Classification and improvement – clonal selection algorithm; 

• The embedded program needs a position and distance prediction routine to handle lost or late data due to unstable 
radio signal; 

• An alternative protocol should be established to avoid flooding the serial link with all the devices variables’ values; 
• The authors need to assess the possibility to run the data analysis on the embedded devices themselves using these 

algorithms in real time. 
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