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SIMULATION OF VEHICLE TRACK DYNAMIC LOADING
M. Chalupa?l, R. Vlach?

Abstract: The contents of article describes design of théclekrack computational model and example
of testing procedure of the track dynamic loadingudation. The proposed approach leads to an
improvement of track vehicle course stability. Tohenputational model is built for MSC. ADAMS, AVT
computational simulating system. Model, which terided for MSC computational system, is built from
two basic parts. The first one is represented bgngatrical part, while the second one by contact
computational part of the model. The aim of theutating calculation consist in determination of cige
influence of specific vehicle track constructivergmaeters on changes of examined qualities of the
vehicle track link and changes of track vehicle reeustability. The work quantifies the influence of
changes of track preloading values on the demaridegue changes of driving sprocket. Further
research possibilities and potential are also praed.
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1. Introduction

Presented research analysis the problem of badebwiding of specific track vehicle when driven at
a speed exceeding 65 km.ht is possible to identify the reasons of thifeef and to propose potential
possibilities of its elimination (Chalupa, 2001yoposal of the design changes that would enable the
safe increasing of the maximum vehicle speed isatband would be very useful for practical use.

This problem can be solved by use of mathieadatomputer simulation (Rolc, 2008) and
(Chalupa, 2007). It is necessary to built the matécal model of the examined object, and powerful
computing simulating system must be available (@ 2007) and (Koucky, 2011). The
mathematical model described in this work is buitr modelling in MSC.ADAMS.AVT
computational system (ADAMS/MSC, 2003hd (Chalupa, 2007). The ambition of this work is to
create a generalised computational model usablemgtfor the simulation of vehicle track but also
for the general vehicle undercarriage dynamic ptogse The results of such modelling could be
practically used in mathematical modelling and gsiag of individual undercarriage parts behaviour
during vehicle ride. It is necessary to define thain possibilities of track vehicle course holding
improvement by simultaneous increase of maximunedpehicle.

The first part of the simulation is focused oollecting the data on undercarriage design
parameters under different vehicle course holdimgditions and increasing maximum speed. These
preliminary simulations are focused on monitorirfgtiee influence of changes in supporting axes
reaction forces in relation with changes of tranokd weight and initial tension of track. Such ches
can influence the general vehicle course holdinig. well known that design parameters have relevan
influence on dynamic loading of some undercarripagts. The complete calculation of this influence
is subject of the second part of the presented wieokowing part of the simulation is focused on
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determination of possible changes of sprocket wtogglue in relation with changes of initial tension
of track. According to torque required on drivingneel (absorbed to override the resistance of the
vehicle track), it is possible to determine othargmeters of undercarriage design, that are greatly
affecting maximum vehicle speed.

The paper presents possible modeling method fosehected type of vehicle track in point two
and results of simulating computer modeling of gkhtrack dynamic loading performed by vehicle
running in point three.

2. Computational model

The computational simulating system MSC.ADAMS.AVi§ used for the computational modelling

and simulating. This system can be used for thésisaof kinetic and dynamic characteristics of the
modelling mechanic system and its animation. Madgnded for MSC computational system must
be built from two basic parts. These parts of ttaleh are: geometrical and contact computational
parts (ADAMS/MSC, 2003)Geometrical part of computational moaelist consists of basic parts of

the vehicle undercarriage movable parts. The modelves road wheels (Fig. 1), supporting rollers,
driving sprocket (Fig. 2), idle wheel and tradkelion which individual track links are connected by
couplings (Fig. 3). The parts are defined by congmb® with real geometrical shape. The critical
aspect at this point is to keep the flat contact.

Figure 1: Geometrical part of computational model

The main parts of the track link are as folo the body with two guiding detents and two
connected eyes with pins, couplings, and retaisgrgws. There are 84 track links on each track.

LA

Figure 2: Geometrical model of the sprocket wheel

Axel arms, shock absorbers and torsion bexsdafined as simplified shape components, thus
without contact components. This type of the congmb® is generated from the offer of universal
track vehicles undercarriage components. They afinet by input data such as basic design
dimensions, weight, moment of inertia, stiffnedssabing and number of parts.
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Figure 3: Geometrical model of the track link atwhnecting clip

Contact part of computational model must Imgoimpact and frictional forces system
(ADAMS/MSC, 2003). To guarantee the highest acouatd practicality, the impact and frictional
forces of the individual undercarriage parts aréndd in such way (Vlach, 2008), that the whole
model resembles the reality as much as possibkeselbontact forces are described in Adams System
by impact force Eq. (1):

F=K@-@" -cq (1)

where: (-g..penetration of bodies in contact, k - contadfretss, c — damping coefficient,
g- sliding velocity of bodies in contact, n - stiéfss force exponent

Contact model is described by characteridtiiding velocity influence on friction coeffiaie
(Fig. 4), (Chalupa, 2007) and (Vlach, 2008).

L
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Where:
U stat - Static friction coefficient,

| o H ayn -dynamic friction coefficient
I "

Vpaak shdmg velocity

Figure4: Course of frictior
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3. Results of calculation

The aim of the simulating calculation to determihe influence of change of specific vehicle track
constructive parameters on changes of examineditiggabf the vehicle track link. These are
determined especially by intensity changes of gaetion force of the carrying elements of trackdin
bodies.

The ten of tested parameters are radius iefndr wheel, radius of tightening wheels, initial
tension track, weight of track link, stiffness afnmection plugs track link, resistance againstimgrn
of clutches plugs link, geometry of driving rib thck link, weight of bearing rollers, radius of
bearing rollers, stiffness of assessment of bakeafing rollers.

Simulation calculations were performed wiiing of computation model displayed in figure 1. As
can be seen from introduced example in graph dyctemh of the initial torsion of track for about
10 000 Nm causes decrease of required torque Vedoe 10 181 Nm to 9 369 Nm. It represents
approximately 7.5 %. Increasing of initial trackh$eon for about 10 000 Nm causes increasing of
required torque value from 10 181 Nm to 13 553 Nvhich is about 33 %. It is thus possible to
conclude that there is a big influence of changadaitial torsion of track on driving sprocket rempd
torque.

Graph 1: Course of required torque moment valuesiaitial track torsion
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This parameter influences vehicle courseihglénd improves maximum speed of the vehicle. It
seems to be very promising and important to perfirenfull analysis of this phenomenon (influence
of this design parameter) in the future. The resuf previously performed basic simulating
calculations shown the big influences of change®attion forces supporting rollers axes on changes
of track links weight and initial tension of track.is clear that this design parameters have big
influence on dynamic loading of some undercarrigaigs and therefore a maximum speed of vehicle.
The same influence of changes of required torquesmocket wheel in relation with changes of
driving sprocket diameter were approved as welis Tfarameter influences vehicle course holding
and improves maximum speed of the vehicle. Thimphmenon will be the subject of our forthcoming
research when full calculation will be performed.
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4. Further research plans

Application of the advanced simulation will be merhed as a consequent step with the aim of
assembling the approximation relatioqof monitored parameters,R Ky, k, a m.

1. Composite plan simulations assembly for 4 pararsdidach, 2008).

2. Implementation of 24 simulating calculations ading to composite plan.

3. Assesment of regression function
According to proposed model simulations, it is flaesto derive the approximation relation
(regression function) formulating the dependenceslement velocity on above mentioned
factors, which are easy to determine. Created ssgne quadratic model has a following form
(in relation to variables):

n n nn
Y=Bot X A% +XBi X + YYBy X X+e )
=1 =1 <IT

where:  f.regression coefficieng. monitored parameter, n - number of parameters

The form of approximation equation:

Yo =Bo+ 1 R o For + Bako+ fam +BsRE + fs Fop + fr K + fom’® + B RFy +
ProR Ko+ fraR'M + foKy Foe + friamFyr + frakym + f1sRFy + f16 MR'K, +
PrrmM R Fy + fremK p For + fromFyrk pR +¢ (3

where: - regression coefficient, R - monitored paramdteiameter of driving wheel),
F monitored parameter (initial tension force afck),
k —monitored parameter (track geometry), m - mondoparameter (track link weight),
n - number of parameters

4. Final verification of mathematical model
Final verification is provided by comparison of thieysical dependence value y obtained from
the measurement and regression functipngrresponding point.

5. Conclusion

The paper describes one of the possible ways hogveate the computational model of real track
vehicle movement mechanism in software environd®C.ADAMS.AVT. Vehicle track design and
recommendation for upgrading mathematical modelensphasised. The objective is to create
computation simulation for the purpose of findihg basic information on track component parts and
undercarriage performance of moving vehicle.

The similar simulations were already perfadm&hey analysed the influence of changes in
reaction force values on axes of supporting rollkmgending on changes in weight track link, changes
of track radius and sizing changes in initial tengrack. Their results approved, that influenée o
changes of track radius, initial tension and tréiok weight, on changes of reaction forces on
supporting rollers of undercarriage influence aignificant and they are worth of further
investigation.

This research also confirmed previously mi@d results of simulating calculations analysing
influence of changes in driving and track adjustiviteels on required driving wheel torque. Proposed
calculations quantify the influence ratio of movemand dynamic loading on elements of vehicle
chassis.
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One of the main benefits of the proposed yaiglis the possibility of determination, which
constructional changes can lead to an objectivedaganent. This can be defined as a track vehicle
directional improvement and improvement of maximspeed increase, simulated apart from other
factors, not only by track construction, but alyaloe whole track kinetic and suspension trackelehi
undercarriage mechanism.
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