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I The Antecedents of Research 
 

Railways get an increasingly bigger role among transportation ways, not only in 
Europe but also in every part of the world. The reason is that this can forward people 
and big amounts of goods economically, fast and environmentally friendly to the desti-
nation. Furthermore, it must be considered that the population of the world is rapidly 
increasing and always a bigger and bigger part of the people are going to live in big 
cities, where individual transport causes traffic jams continuously, which destroys the 
quality of the air drastically because of the exhaust gasses of the engines. Railway is the 
optimal instrument, not only for long-distance traffic, but also for public transport in the 
cities. 
The most determining railway transmission system today is the electric transmission 
system. The tasks that require high speed, power and special designs (e.g. low floor 
trams) can be solved reliably and economically only with this kind of drive system. It is 
probable in the future that the vehicle speeds and train masses in operation now are go-
ing to increase. 
In order that the new vehicles can go reliably into service, among other things, the ac-
quaintance of the increased loads adding up onto the elements of the driving system, 
coming from the track-vehicle interaction and their examination from the point of view 
of the service life of the affected machine parts is needed. 
 
For the first step I studied the national and international technical literature. 
ZOBORY examines in [1] a planar, linear, swinging and torsional track-vehicle system 
that is built from an elastic supported track element moving together with the wheel, a 
one-mass vehicle superstructure and torsional elements symbolizing the drive. The 
mathematical relations lined up in the article give us a connection between the stochastic 
track excitation made from the spectral density function, the stochastic change of the 
driving torque and the motion process of the model elements taking into consideration 
the characteristics of the wheel-rail contact. 
ZOBORY, BENEDEK, GYŐRIK and SZABÓ analyse the dynamic effect of the elec-
tric traction motor and the track unevenness in the case of a bevel geared axle drive [2]. 
Such a power unit is the subject of the examination that has four axles and the wheelsets 
of certain bogies are driven by an individual electric motor which is fixed onto the vehi-
cle underframe. In the first step the authors analyse the natural frequency of the simpli-
fied, linearized, torsional model with three degrees of freedom. The next model has 7 
degrees of freedom, in this case the torque oscillation of the electric motor becomes the 
centre of interest. The third model has 34 degrees of freedom. In this case the changes of 
the torque- and force loading induced in the driving system are examined in the time 
domain with the consideration of the non-linear characteristic-curve of the friction coef-
ficient so that the vehicle is passing over a rail joint and the effects of the torque oscilla-
tion of the electric motor inverter appear, too.  
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In the publication [3] ZOBORY, GYŐRIK and SZABÓ present such a computer pro-
gram group that performs the generating of periodical repeated and stochastic track exci-
tations, and where utilization take up in the power unit model containing a maximum of 
34 degrees of freedom can be examined through these effects. A non-linear narrow 
gauge (1000 mm) multiple unit with hydrodynamic drive chain and 18 degrees of free-
dom was inspected in the article. The results coming from the linearized and non-linear 
models were analyzed. 
The work of MÁRIALIGETI [4] is determinant among the national technical literature 
dealing with dynamics of the gearwheels. The author has been engaged in non-linear 
modelling and simulation of the swinging of gearwheels with gearing defects. He has set 
up a substituting spring model of the real toothing using a mathematical statistics meth-
ods, furthermore he has examined the contact function describing the exciting effect of 
the toothing defect, the reduced stiffness function, the gearwheel swinging, the gear 
forces and the tooth fillet stresses in case of the perfect and defective toothing. 
 
Only some of the foreign literature is mentioned here. 
ALDERS [5] does the modelling of the elastic axle drive with the hollow shaft of the 
locomotive BR 120 of the German railways. The aim of the research is the building of 
the torsion model of the drive taking into consideration the characteristics of the wheel-
rail contact, too. Using the likeness theory, a test bench model of the examined drive 
system was made. The transient phenomena were produced on this test bench. The re-
search examines which moment swinging comes up in the case of a one-side wheel 
skidding and slipping and then, when these phenomena occur on both sides of the 
wheelset. Furthermore the regulating effect of the wheel-skid protection, optimized on 
the wheel wear, is examined in the cases of the one-side and two-sides wheel slipping. 
In the dissertation of KÖRNER [6] the driving systems of the modern, high-powered 
electric locomotives are examined and compared. There are three driving concepts in the 
focus of the work: the axle-hung drive, the hollow shaft drive and the direct drive. The 
author compares the measurement results and calculation results coming from multi-
body simulations regarding the force changes occurring at the wheel-rail contact and 
within the drive unit of the different vehicle types. The measurements and also the cal-
culations support the theory that the vertical dynamic wheel-tread forces are higher on 
the axle-hung driving system than on the one with hollow shaft. However the torsion 
moment amplitudes coming from the electric short circuit moment are essentially higher 
in the case of the elastic drive than of the rigid one. 
JÖCKEL presents in [7] which kind of electric regulation is the most suitable for the 
reduction of the torsional oscillation in a wheelset. The author does measurements and 
calculations with the axle-hung drive system and the hollow shaft drive system. The 
dissertation also presents the regulating circle of the electric motor and the multi-body 
model of a one axle vehicle. The author calculates mainly with the stick-slip phenome-
non working on the wheel-rail contact among the reasons for the torsional swinging. The 
work finds out among other things, that the individual electric regulation, namely the 
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regulation per wheelset brings reliable results from the group-regulation and the indi-
vidual one. The effect of the traction and braking moment generated by a group-
regulation is not unambiguously positive on every wheelset, because the torsional 
swinging does not occur at the same amplitude and phase-angle. 
In the dissertation of BAUER [8] the dynamic examination of the locomotive series 182 
of the German railways is done, which is a locomotive that has an asynchronous motor 
and an elastic axle drive equipped with a short hollow shaft. He examines among other 
things the swinging effects of the stick-slip phenomenon in the axle drive. The work – 
without the survey of the dimensioning method – touches upon the safety factor in the 
axle material 25CrMo4 of the locomotive which is 1.2 achieved by a rough calculation, 
while the minimum safety factor of this component should be 2.2. 
STEMPINA analyses in [9] the driving dynamic of the axle drive of the German loco-
motive series 103. This drive has long hollow shaft with rubber elements that ensures 
favourable dynamic conditions at a speed of 250 km/h. The author describes the axle 
drive as a linear model with five degrees of freedom. The aim was the analysis of the 
torsional effects of the transient phenomena characteristics for the wheel-rail contact, 
like skidding and stick-slip. 
HOLZAPFEL in [10] surveys and compares the existing theories describing the wheel-
rail friction coefficient: the linear theory of Nicolin, the theory of Frederich and Kalker´s 
model, furthermore the theories of the one- and two dimensional contact points. The 
wheelset, the bogie and the vehicle superstructure are separate elements in his vehicle 
model. The author has already brought to notice at the beginning of his work that it is 
not enough to model the driving systems purely as a torsional system, but the swinging 
characters of the whole vehicle must be examined, too. The dynamic characteristics of 
an elastic drive equipped with a hollow shaft are presented in the dissertation with the 
consideration of the non-linear character of the toothing stiffness, too. 
 
After the study of the constructions made up till now I mapped which kind of structural 
arrangements are generally used for the electric driving systems. The most important 
points of the systematization were the followings: 
- the motor and the drive unit are separated or integrated 
- the traction motor is built into the longitudinal or transversal direction 
- the existence of the elastic elements between the motor and the drive unit 
- the application possibilities of the direct motor and 
- the number of motors in the drive. 
 
 
II. The aim 
 

As it turned out during the study of the technical literature, no comprehensive ve-
hicle dynamic research has been done till now that would have examined the loading 
effects on the different drive components by the torsional model of the drive system 
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built into the swinging model of the vehicle. Furthermore, no initiative has been done to 
examine the effects of the changing of the track quality. 
The first aim of this research is the building of a computer algorithm containing more 
parts and making an organic unit that makes possible the determination of the service 
life and the failure resistance of the examined machine elements by the analysis of the 
dynamic relations. 
The following aim of this research is the mathematical building of a parametric, linear 
multi-body model with more degrees of freedom that makes possible the analysis of the 
effects coming from different traction characteristics (velocity, train mass) and different 
track qualities, affecting the drive system. I examined the service life and safety rela-
tions of the following components in the complex model made by the vehicle and its 
drive system: gearwheels, bearings of the drive unit, wheelset axle and wheelset jour-
nals. 
A further aim of this research is establishing which effects have the free movement co-
ordinates of the model elements connected to their lateral movement on the lifetime and 
service safety of the machine parts, which constitutes the basis of the research. 
 
 
III. The methods of research 
 

The parametric vehicle model I have built up is a one-axle vehicle “slice” with 26 
degrees of freedom, in which next to the drive system, the masses and moments of iner-
tia of the bogie and the superstructure calculated per one wheelset can be found. The 
model elements can do displacement and angular displacement partially planar and par-
tially spatial. It can be generally said that the vehicle superstructure, bogie and wheelset 
have three-three degrees of freedom in the vertical plane and the drive unit has six de-
grees of freedom. The elements of the drive system have altogether five torsional de-
grees of freedom. The model elements are connected together by springs with constant 
stiffness and dampers with linear characteristics. During my examination I have used the 
axle-hung drive system parameters of the locomotive series V63 of MÁV. The drive of 
this locomotive – according to my systematization – is built together with the traction 
motor, the motor is built into the vehicle in a transversal direction, elastic elements can 
be found in the drive and one motor per wheelset moves the locomotive. I have used the 
theory written in [11] for the description of the wheel-rail contact. I have generated the 
time function of the different stochastic track excitations according to [12]. The uneven-
ness of the straight track causing determinative excitation characteristics from the point 
of view of the mechanical engineering dimensioning are different on every rail, working 
in vertical direction and came into being through the sign-sum of the stochastic func-
tions of the longitudinal and transversal deflection of the rails. 
 
The external excitation effects acting on the vehicles have two fundamental sources. The 
first one is the track quality, which always makes an organic unit together with the vehi-
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cle. The second one comes from the characteristics of the vehicle main movement: run-
ning-cycle, velocity, acceleration, braking, train mass, etc. In my dissertation I have put 
together such load-case groups that consider the different track qualities, the mass of the 
hauled train-set and the different traction power of the power unit as effects acting on 
the drive system. On this basis the three load-case groups are: 
1. constant track quality (good) and constant train mass (1000 t) but different controlled 

traction force (100%, 60%, 20%), 
2. constant track quality (good) and constant traction force (100%) but different train 

mass (1000 t, 2000 t, 3000 t), 
3. changing in track quality (good, medium, bad quality) next to the constant train mass 

(1000 t) and maximum controlled traction force (100%). 
Figure 1 presents the matching points of the load-case groups with the curves of traction 
force vs. velocity and running resistance vs. velocity. 

 
Figure 1 Matching points on the curves traction forces vs. velocity 

 
I have determined the equilibrium velocity of the given train-set and the traction force – 
traction moment, respectively – connected to that speed. These come from the traction 
force vs. speed curve characteristic for the locomotive and the previously taken load-
case group. 
I have put together a computer program part containing the model parameters describing 
the examined locomotive that was used many times in further calculations. 
I have built up a computer program part producing the stochastic track unevenness for 
each rail that indicates the exciting vertical track unevenness functions by the sign-sum 
of the stochastic functions of the vertical and transversal deflection. 
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The above mentioned data, results and functions (traction torque, velocity, track excita-
tion) served as input for the calculation of the motion characteristics of the multi-body 
model that was built up from rigid elements and makes vertical and lateral movements 
besides excitation. I have saved the results in files on behalf of further processing. 
The calculations of every load-case group have been done on a straight track. The re-
sults coming from the three load-case groups show the stress changes of the machine 
parts built into the drive system. 
The undermentioned service life and strength characters of the drive system elements 
were calculated: 
- gearwheel: safety factor against tooth fillet break, safety factor against pitting, safety 
factor against warm scuffing and the mileage determined by the linear wear if the tooth 
flank, 
- drive unit bearings: mileage, 
- wheelset axle: safety factors in the given cross sections of the axle and 
- wheelset bearing: mileage. 
 
I used the mathematic program Maple for the analysis of the motion conditions of the 
vehicle model. I built up the second-order, linear and inhomogeneous differential equa-
tion system in this program. The solution of the equation system was done by the fourth-
order Runge-Kutta method automatically chosen by the program. Reading of the input 
data, saving of the results and those evaluations were done also with this program. Thus, 
I built up a complete program group making an organic unit that is capable of the stress 
and service life examination of the chosen machine parts. The computer algorithm is 
shown in figure 2. 
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Figure 2 The principal block diagram of the whole calculation algorithm (simulation, 

evaluation, representation) 
 
The solutions of the differential equation system describing the model are displacement 
vs. time and velocity vs. time, and furthermore, angular displacement vs. time and angu-
lar velocity vs. time functions of the components. From these functions force functions 
were made taking into consideration the stiffness and damping parameters that come up 
between the model elements. These force functions served as base for the strength and 
service life calculations of the chosen machine components. 
The results of the research are such curves that show the changes of the examined pa-
rameters (safety factor, mileage) in the function of the independent variables of the load-
case groups (traction power, train mass and standard deviation of track unevenness). I 
represented the calculated results in coordinate systems. Straight lines and non-linear 
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curves were fixed onto the points, and afterwards I indicated if the changes were linear 
or non-linear. I considered those changes linear where the quotient of the maximum 
difference considered between the linear and non-linear curves and the highest function 
value was under 5% belonging to the same abscissa. 
I did the effect-examination of the free motion coordinates connected to the lateral 
movement of the model elements. Firstly, I “switched off” all lateral movements of the 
model having 26 degrees of freedom, after this only all angular movements around the 
vertical axis and finally both together. 
 
 
IV. The new scientific results 
 
1st thesis 
I built up a calculation algorithm which is based on a computer program system 
and can perform the strength and service life calculations of the main machine 
components of the drive system with the results from a one-axle vehicle model hav-
ing 26 degrees of freedom. 
The algorithm makes possible the strength calculation of the wheelset axle and gear-
wheels and the mileage calculation of the bearings in the drive unit and on the wheelset 
axle. Not a single vehicle producer and drive system producer dispose over such an al-
gorithm. The excitation of the model is vertical stochastic track excitation from a linear 
combination of the vertical rail defects and the transversal deflection between the rails. 
The lateral motion of the vehicle model is caused by the change of the contact force 
perpendicular to the wheel-rail contact surface and coming from the vertical track exci-
tation. These forces also have an effect on the lateral wheel-tread forces that influence 
the lateral motion of the wheelset and through that the lateral movement of other model 
components, too. The model and the whole program system are parametric. Any other 
power unit and any other drive system having a similar function principle can be mod-
elled and examined by the created program group. 
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2nd thesis 
I have pointed out the nature of change of the service safety and mileage of the 
chosen machine parts coming from the given locomotive in the function of the in-
dependent variables of certain load-case groups: 
 

       Load-case 
                                           groups 
Machine parts 

1 
Traction 
Power 

2 
Train 
mass 

3 
 

Track unevenness 
Tooth fillet brake (S) Non-linear Linear Non-linear 
Pitting (S) Linear Linear Linear * 
Warm scuffing (S) Linear Linear Linear * 

Gear-
wheel 

Wear (km) Non-linear Linear Linear * 
Drive bearing (km) Non-linear Linear Linear * + Non-linear 
Wheelset axle (S) Non-linear Linear Independent 
Wheelset bearing (km) Linear Linear Non-linear * 

Table 1 The nature of changing of the dimensioning characters 
The non-linear characteristics come up when the maximum difference between the lin-
ear and non-linear curves fitted on the points of the calculation results exceeds the 5% 
over the examined domain of the independent variables. 
In the cases marked with a thick frame the safety factors came under the allowable 
smallest values, so that load case cannot be allowed permanently. 
In the cases marked with * certain concave characteristics of the curve shape are ob-
servable. 
 
2a. The controlled traction power is the variable parameter of the calculations in the 
load-case group No. 1. The smallest and biggest values of the traction power are 959 
kW and 3626 kW, thus the ratio between them is approximately 3.8. The mileage of the 
wheelset bearing on the vehicle side No. 1 sank by 20%, at the motor suspension bear-
ing “A” by 55% and at the bearing “B” by 54% at this kind of change of the traction 
power of the examined vehicle. The safety factor of the tooth fillet strength sank by 
55%, the safety factor against pitting approximately by 32%, the safety factor against 
warm scuffing by 20% and the mileage coming from the linear wear of the toothing by 
43%. The safety factor against fatigue sank by 63% in the most loaded cross section of 
the wheelset axle. 
I indicated that when the traction power is the independent variable of the examination, 
the non-linear characteristic of the curves prevails at the comparison with that load-case 
group, when the mass of the hauled vehicle is the independent variable. I showed that 
the reason for the deviation comes from the different combination of the values of vehi-
cle speed and drive moment, which are based on the curve traction force vs. velocity. 
 
2b. In the load case 2 the mass of the hauled train-set is the independent variable of 
the examination, whose smallest value is 1000 t and the maximum one is 3000 t. The 
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service life of the wheelset bearing No. 1 was sunk by 29% by the triple increasing of 
this kind of load at the examined locomotive. The decrease is 45% at the motor suspen-
sion bearing “A” and 44% at the bearing “B”. The safety factor against tooth fillet break 
decreased by 43%, the safety factor against pitting by 25% and the safety factor against 
warm scuffing by 12%. The mileage coming from the linear wear of toothing fell by 
32%. The safety factor sank by 52% in the critical cross section of the wheelset axle. 
 
2c. In the third load-case group the degree of the track excitation, in other words the 
track quality, was the independent variable. According to the comparison with the re-
sults obtained from good quality track, the mileage of the wheelset bearing No. 1 sank 
by 41%, at the motor suspension bearing “A” by 54% and at the bearing “B” by 66% in 
the case of the bad quality track. The safety factor calculated in the tooth fillet decreased 
by 69%, the safety factor against pitting by 38% and the one of warm scuffing by 25%. 
The mileage determined by the tooth wear receded by 48%. 
The results of table 1 marked with * show that certain concave characteristics can be 
seen in the progress of the curve, thus the value-decrease of the examined service pa-
rameter strengthens with the deterioration of track quality. It is especially true for the 
given vehicle and toothing where the resistance against pitting and warm scuffing, and 
furthermore, the wear calculated by linear theory show this kind of change. I empha-
sised with these results that the machine elements always get ruined earlier because of 
the track quality deterioration at the examined vehicle and loads. 
 
I pointed out on the basis of the changes of service life and safety factor of every exam-
ined machine part that the smallest change came in the toothing safety factor against 
warm scuffing in every load-case group. So this is the most insensible character among 
all the observed ones against the load cases I examined. The service character most 
strongly affected by load changes is the safety factor against fatigue in the most loaded 
cross section of the wheelset axle. This factor was changed by the biggest degree with 
the change of the traction power and train mass. 
Furthermore I showed by making numerical results of the changes that the sensitivity 
sequence of service characters describing the gearwheel or in other words, the order of 
strengths of reaction acting on load change is the same in every load-case group. The 
order going from the most sensitive character to the least sensitive one is the following: 
1. safety factor against tooth fillet crack 
2. service life coming from the wear 
3. safety factor against pitting and 
4. safety factor against warm scuffing. 
I indicated, regarding the changes of bearing lifetime, that the motor suspension bear-
ings consisting of plain bearings are more sensitive against changes in this vehicle than 
the wheelset bearings made from roller bearings. 
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3rd thesis 
During the strength calculation of the wheelset axle I pointed out that the loads 
obtained by the simple statistic average of the forces acting on the wheelset of the 
given vehicle do not reflect the effects of track unevenness on the strength. Only the 
equivalent stress based on load collective can characterize the changes in the 
wheelset axle caused by track quality. 
The safety factors in the wheelset axle calculated with the simple statistic average of 
forces showing nearly constant values are practically independent from the track quality, 
thus they do not reflect the overload coming from the track having a worse quality. So 
the calculation with the average of the wheelset forces without any weighing cannot be 
used for the wheelset axle, this also applies at the forces loading bearings and gear-
wheels. The single and combined effects of velocity, track excitation, etc. can be prop-
erly examined only by setting up load collective and equivalent stress based on damage 
accumulation and coming from the collective. With this it was also verified that the 
European design processes – which do not consider the effect of the track – do not 
give reliable results in the case of bad quality tracks. 
Starting from this statement I pointed out with my research and publications [13]-[15] 
made parallel with the dissertation that the calculation of equivalent stress based on load 
collective and considering the theory of damage accumulation delivers reliable results 
regarding the load state of the wheelset. Also, when the track quality effect on the axle 
must be examined. I proved the applicability and correctness of the calculation method 
by comparison of data coming from vehicle measurements with the results coming from 
modelling. I showed in these publications during the examination of the effect of speed 
that 

• the equivalent stress in the chosen cross-section of the wheelset axle loses from 
its magnitude by increasing speed after it reached its maximum value at a given 
velocity 

and by the examination of the effect of track quality 
• the deterioration of track quality causes non-linear increasing of the equivalent 

stress in a given cross-section of the axle. The change is progressive, the state 
deterioration of the track means a rising load for the axle. 

 
4th thesis 
I pointed out which effects have the limitation, elimination of the lateral movement, 
the angular movement around the vertical axis and both together on the lifetime 
and safety factors of the examined machine parts in the case of the given vehicle 
and service state: 

4a) the service life of the wheelset bearing is the smallest in the case of the 
whole model, but the limitation of free coordinates does not essentially influ-
ence the lifetime of the bearing, 
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4b) the mileage of both drive bearings is the smallest in the case of the complete 
model, on the other hand, the elimination of the chosen motion coordinates 
does not notably influence their lifetime, 
4c) no presentable change happened in the determinant strength and service 
life characteristics of the gearwheel, 
4d) the safety factor in the most loaded cross-section of the wheelset axle is the 
smallest in the case of the whole model, but the difference is insignificant com-
pared with the models with reduced numbers of the free motion coordinates. 

During the effect examination of the free motion coordinates on the lifetime of the cho-
sen machine parts, firstly, I examined a model, which has not got free motion coordi-
nates in transversal direction (model yB). This was followed by a model, which has not 
got free motion coordinates around the vertical axis (model φB). Finally, I examined a 
model, which is able to make neither movement in transversal direction nor angular 
movement around the vertical axis (model yφB). The model yB has 20, the model φB has 
24 and the model yφB has 18 degrees of freedom. I did this examination only in the case 
of one load-case group. In this the locomotive hauls a 1000 ton train-set on good quality 
track and at the maximum controlled traction power. 
 
4a) I pointed out at the examination of the wheelset bearing mileage that the differ-
ence between the biggest and smallest lifetime values is approximately 0.06% on side 
No. 1 of the vehicle, in other words this kind of elimination of the free motion coordi-
nates does not essentially influence the lifetime of the wheelset bearing. The smallest 
mileage was supplied by the complete model. Beside the radial force component – 
which determines the lifetime of the bearing – the axial force component was also exam-
ined showing that in its forming the lateral movement of the wheelset and bogie plays a 
much bigger role than the angular movement of the same elements around the vertical 
axis. However, this effect does not appear in the lifetime of the bearing, because of the 
ratio of the radial and axial forces only the radial force components are determinant in 
forming the lifetime. 
 
4b) I showed at the lifetime-examination of the motor suspension bearings that the 
complete vehicle model gives the minimum mileage for the plain bearings on both sides. 
The biggest difference in the lifetime of the bearing “A” is 0.5%, in case of the bearing 
“B” this is about 2.3%. With this I also showed that elimination of the considered free 
motion coordinates does not essentially change the values got for the mileage of these 
machine parts under the given service conditions. I also pointed out that the lateral mo-
tion of the model components is the determinant free motion coordinate in forming the 
axial drive bearing force, while angular motion around the vertical axis plays a subordi-
nate role. However, the axial drive bearing force does not play a role in the service life 
of the bearing, because it is small compared with the radial bearing force and for this 
reason it is negligible from this point of view, according to the technical literature. 
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4c) I pointed out at the examination of the gearwheels that the above mentioned 
limitation of given motion coordinates does not have any influencing effect on the de-
sign in case of spur-gears with straight toothing, examined vehicle type and service con-
ditions. The reason is that the tangential tooth force coming from the drive torque has an 
outstanding role in gearwheel designs. But the traction parameters (velocity, haul-force) 
were not changed in the load-case group I examined, thus no change is perceptible in 
any safety factors of the toothing and in the mileage determined by wear. 
 
4d) I showed that the safety factor in the critical cross section of the wheelset axle 
increased in uniform and insignificant measure only by 2% in those cases, when I calcu-
lated with the models yB, φB, or yφB, compared with the case, when all motion coordi-
nates of the model were free. This means that the chosen motion coordinates cannot be 
ranked from the point of view of the forming of forces acting on the axle. 
 
I indicated with the above mentioned results that the most conservative results were 
supplied by the complete model in every case, although the changes in the lifetime and 
safety factors did not essentially influence the power of the machine elements in the case 
of the given service conditions and vehicle type. I established that the lateral movement 
of the model elements has a much bigger effect on the forming of the loads in an axial 
direction than the angular motion around the vertical axis. 
 
 
V. Utilization of the results 
 

The computer algorithm described in thesis point 1 can be utilized on more fields: 
a) the algorithm can be used in the design phase of the vehicle for the mechanical 
checking of the main drive unit parts made by dynamic simulation too, 
b) a further possibility is that the characters of the different driving variations can 
be compared on the same vehicle, so the optimal design can be chosen, 
c) the algorithm makes possible the comparison of more different vehicles from 
the same point of view, 
d) and in the case of the locomotive chosen by me the control of the former design 
calculations is possible in accordance with the service experiences. 
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