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Analysis of the Influence of Pavement Irregularities
on the Lifespan of a Vehicle’s Drive-Wheel Half Shaft
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As a complex technical system, a vehicle requires a full analysis of its dynamic behaviour. A vehicle is the research subject requiring a detailed
analysis of all separate systems both individually and in mutual interaction. One of the technical aspects of vehicle analysis is the lifespan of
each element. This paper presents an analysis of the impact of the characteristics of pavement irregularities on the lifespan of a half shaft. In
this paper, a mathematical model and a computer simulation of vehicle half-shaft loads have been set up. The importance of this approach is
reflected in the use of state-of-the-art computational methods of analysis. The obtained results enable the drawing of clear conclusions about

the effects of pavement properties on the lifespan of a vehicle half shaft.
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Highlights

*  The influence of pavement irregularities on a vehicle drive-wheel half shaft is analysed.

* A mathematical model of vehicle half-shaft loads has been set up and the influence on lifespan is analysed.

*  Simulation results of dynamic behaviour were tested and verified through experiments.

*  Results show that the presented analytical model can be used for the analysis of a vehicle’s behaviour when wheel passing

over irregularities.

*  The pavement characteristics significantly affect a vehicle half shaft’s stress and lifespan.

0 INTRODUCTION

During their service life, vehicles are faced with a
wide spectrum of vibrations. These vibrations are
primarily triggered by surface irregularities and
internal sources, where the forces and moments
generated by the contact between a surface and wheels
have the greatest influence [1] to [3]. In addition to the
demands of efficacy, emissions, and safety, vehicles
are simultaneously faced with many demands that are
reflected in the achievement of comfort, driveability,
low wear, availability and long-term functionality [4].

Besides the complexity of the vehicle structure,
dynamic behaviour and interaction between vehicle
systems and the environment, most analyses consider
only individual parts of vehicle systems [5]. In that
sense, the vehicle drivetrain system is frequently the
subject of research, which is to be expected given
its importance in its interactions with other vehicle
systems. Thus, a great deal of reference literature
sources shows the analysis of a vehicle drivetrain
system with road irregularities as the input in the
system or in engine and vehicle models to emulate
vehicle drivetrain loads [6] to [8]. There is a noticeable
lack of analyses and conclusions on the influences
of the vehicle systems’ characteristics and pavement
characteristics on the lifespan of the vehicle drivetrain
system elements. Indeed, the complexity of a vehicle

structure and the behaviour of the deformable wheel
when it passes over an irregularity is a huge problem
in this analysis, because there is no complete and
satisfactory theory to explain that process [9].
Regarding the process of force and torque
generation, the characteristics of a tyre are also very
important. A wheel has a function to protect a vehicle
against surface irregularities, which requires a deep
analysis to provide the characteristics of a vehicle
use and the need for the accomplishment of a long
lifespan. Such an analysis must provide a prediction of
behaviour according to drive inputs and influences of
the surface irregularities and surface properties. The
theoretical research frequently argues that the dynamic
vehicle behaviour also depends on the characteristics
of change of a vertical force that, among other factors,
depends on the characteristics of a suspension system
[10]. The previously stated indicates the conclusion
that the analysis of wvehicle systems’ dynamic
behaviour must include the influence of a wheel as
a deformable element, the determination of reliance
between the displacement of the unsprung and
sprung masses and analysis of the oscillatory system
consisting of a wheel, drive axle, suspension, and
a vehicle frame [6]. Papers [11] and [12] present an
analysis of the various vehicle suspension systems.
There are many tyre models, e.g. Magic Formula,
Fiala, Delft Tyre 97, etc. [1]. However, the fact is
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that when a model is simpler, it will possibly be less
accurate, while a more complex model will be less
suitable for the vehicle motion simulations. A detailed
analysis of the wheel dynamics is usually done with
the data obtained from the performed experimental
investigations where the wheel-pavement contact
is analysed and the conclusions about the particular
characteristics were drawn, for example that the
main parameters of the tyre influencing the generated
force are the vertical and the radial stiffness of a tyre,
where the pneumatic damping characteristic may be
neglected, [13] to [15].

The need to perform an analysis of a vehicle
systems element lifespans is also clearly indicated.
The importance of this analysis is proven by fact that
a vehicle durability depends on design geometry,
material properties, and load, with road roughness as
an important parameter influencing the vehicle load.
The analysis of the lifespan of vehicle drivetrain
system elements in relation to the diversity of
pavement characteristics shows that the design of
vehicle systems should be adjusted to the vehicle
exploitation condition, [10].

Thus, different approaches in the process of
solving certain problems in a lifespan analysis are used
[16]. In the analysis of lifespan, the real conditions are
usually replaced by the values of the estimated forces
and stresses acting on the vehicle system elements
[17] and [18]. The fatigue and reliability tests may
be performed in terms of analysing different roads,
analysing interacting influences of some mass and
geometrical parameters of the vehicles or analysis of
the relative fatigue damage of the drivetrain systems
for specific roads [19] to [21].

1 DETERMINATION OF LOADS
AND ESTIMATION OF LIFESPAN

The analyses of vehicle elements’ lifespan are usually
conducted in terms of a service life and an analysis of
the load of some vehicle elements. In this regard, an
analysis investigating the interactive influence of the
vehicle elements and the necessity of their analysing as
a unique dynamic system is very important [22]. Due
to the complexity of the analysed system, any analysis
of the lifespan of the vehicle drivetrain requires a
meticulous approach. Therefore, in the process of
the development of a vehicle the measurements and
simulation data must be combined; for instance,
in that process the vehicle performance may be
predicted fairly exactly, but a fatigue life estimation,
as a result of a more complex analysis, permits only
relative statements, and they are always supported

by tests [23]. In that sense, [24] presents a system
for the continual tracking of working conditions and
the estimation of a remaining lifespan of automotive
transmission gear wheels, while the model of a drive
system and the damage of a gearwheel are presented
in [25]. Within the analysis of a lifespan of a driving
axle, the time of a vehicle use in some gear ratios and
types of road must be taken into account [26] and [27].

Since vehicle motion is characterised by a
constant change of wheel-road interactions, i.e.
generated forces and stresses, thence determination
of a variability, values and laws on the distribution of
working and permissible stresses in relation to road
conditions represent a major problem in the analysis
[28]. The analytic determination of the loads requires
a mathematic description of a dynamic behaviour
of a drivetrain and the processing of the stresses in
elements. When the stress recording is processed,
its discretisation is carried out in a manner in which
the real load is replaced by a load equivalent to the
original load.

In real exploitation conditions, the stress changes
are multi-cyclic with a changeable amplitude and a
mean stress. The elements’ strength in such a change
of loads is a working strength that can be determined
by experimental testing, using the basic strength or in
a theoretically-experimental way using the hypothesis
about the fatigue accumulation. Working strength
is most accurately obtained by direct experimental
testing, but this is mostly not acceptable because
comprehensive, long-term, and expensive research
is necessary. The hypotheses of the material damage
accumulation enabling the calculation estimation of an
element’s lifespan is widely used in the determination
of working strength.

The first hypotheses about a material damage
accumulation were developed by Palmgrin, and
Miner expanded them [28]. Palmgrin-Miner’s damage
hypothesis represents a basis for other hypotheses
about the damage accumulation, on the basis of which
the total damage is calculated as a sum of individual
items of damage due to stresses and assume that a
fatigue crack occurs when the interaction function, ar,
is equal to 1.

The value of interaction function is:

J
a, :Zi for 7,217, (1
where n; is the number of cycles of the stress of the
ith level, z;, for the entire lifespan, V; is the number of
changes of stresses on the ith level that an element can
endure, j is the total number of the levels of stress, 7
is the fatigue limit strength, Fig. 1.
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Fig. 1. Wéhler’s diagram

In the total number of cycles, the changes of
stress of all weights to the failure of an element Ny
the participation of each stress 7; is comparable to the
participation of this same stress in a unit spectrum
np;/n;, namely:

i R'_i’ (2)

where Ny is the total number of changes of working
stresses of all levels that an element can endure to a
fracture, n,, is the number of changes of stresses of
the ith level in a unit spectrum, 7, is the total number
of changes of stresses of all levels in a unit spectrum.
From the equation of a curve of a dynamic
endurance, Wohler’s curve, we obtain:
t"-N,=t, -Ny=1"-N,|, 3)

i

T T
Ni:ND'(T_DJ :NI-[T_IJ > “)

where Np is a base cycle number, N; number of
changes of maximum working stress, 7r; maximum
working stress, 7; working stress on ith level.

Using Palmgrin-Miner’s damage hypothesis,
the component’s service life in load cycles, N, is
calculated according to:

Ny =— No

Z/:”bf{ff]m
= My, \Tp
For the purpose of the improvement of Palmgrin-
Miner’s damage hypothesis, several corrected linear
hypotheses were developed and the most important

are Corten-Dolan’s, Haibach’s and Sorensen-Kogaev’s
hypotheses. Corten-Dolan’s damage hypothesis adds

for 7, >1,. (%)

the elementary damage along the modified fatigue line
for all sorts of stresses, and, according to Haibach’s
damage hypothesis, the influence of stresses with
values lower than the fatigue limit strength is
assumed according to a fictitious line on Wohler’s
diagram without the removal of smaller stresses. Both
hypotheses assume that a fatigue crack occurs when
the interaction function, a,, is equal to 1, [28].

The comparison of previously mentioned
hypotheses is presented on Wohler’s diagram given in
Fig. 2.

Sorensen-Kogaev’s damage hypothesis represents
a modification of Palmgrin-Miner’s hypothesis where
a fatigue crack occurs when a sum of relative damages
reaches the value of the calculated interaction function.
The impact on the dynamic strength of stresses
with values lower than the fatigue limit strength is
assumed by the coefficients of a stress spectrum
shape by which the calculation accuracy is improved
in relation to Palmgrin-Miner’s hypothesis. With the
use of Sorensen-Kogaev’s damage hypothesis, the
calculation of the influence of a stresses with values
lower than the fatigue limit strength on a working
strength of elements is carried out for each specific
case.
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Fig. 2. The comparison of hypotheses

The value of interaction function for Sorensen-
Kogaev’s damage hypothesis is calculated using Eq.

(6): STom,
Tl.zi.@_k%
_ k'TDTl I’lb
a, = ; (6)
T, —k-1,

where k is a constant determining the bottom limit of
stresses causing the damage of the material (k = 0.5).

Using Sorensen-Kogaev’s damage hypothesis,
the component’s service life in load cycles, Np, is
calculated according to:
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Ny=—"2"2 - for7,>1,. (7)

In order to compare the results of use of the
mentioned hypothesis, some papers show results
in which a reliability evaluation in use of Palmgrin-
Miner’s and Corten-Dolan’s hypothesis leads to higher
values of a driving shaft reliability than reliability
evaluation using Haibach’s and Sorensen-Kogaev’s
hypothesis, yielding the result for a lifespan that is
closer to areal life cycle. The comparison of the results
of a reliability evaluation in the use of Haibach’s and
Sorensen-Kogaev’s damage hypothesis shows higher
values of driving shaft reliability for road conditions
with a higher share of roads being macadam and roads
with a lower quality of a pavement surface in use of
Haibach’s damage hypothesis, [29].

2 ANALYSIS OF THE INFLUENCE
OF PAVEMENT IRREGULARITIES

In order to conduct the analysis, relatively simple
mathematical models of the drivetrain and suspension
systems and the pavement characteristics were
created, using the schematic for vehicle systems

shown in Fig. 3.
Sprung
mass

Driye |:i Gearbox 'j Differential Half Wheel Unsprung
engine ':1 shaft |: mass

Fig. 3. Vehicle systems

The simulation of the dynamic behaviour of
the vehicle system presented by equivalent mass,
momentum, stiffness, and damping was performed
through the linearized state-space equations of the
quarter car model, as follows:

a. thedrivetrain:

*  engine:
ant, = Me g+ Me (8)
0w, Oh
. oM
J, A, = ey A0, -[k,-(Ap, - Mg, )+
+e, (8o, = AD,,..) | ©

where k, and ¢, are the equivalent stiffness and
damping of the engine, J, the momentum of the
engine, ¢, the angle of rotation of the crankshaft, ¢,,, .
the angle of rotation of the crankshaft, /4 the position
of the accelerator and M, the output torque,

e gearbox:

Jy . 1
(et

g g

¢ o, .
: kg .(._g_(pout,g]-i_cg -{._g_(pout.gJ 2 (10)
lg lg

where M, , is gearbox input torque, k, and c, the
equivalent stiffness and damping of the gearbox, J;,
J, the momentums of the gearbox presented with
two masses, ¢, the angle of rotation of the input
gearbox shaft, ¢,,,, the rotation angle of the output
transmission shaft and g the transmission ratio,

*  half shaft:
Jh.\' '.ths = Mp,h.\' - |:kh.\' '<(ph.\' _(pour,h.\')+
+chs‘ ' (g.th - g.Duut’hs ):|’ (1 1)
where M, ;, are the half-shaft input torque, &, and
¢y are the equivalent stiffness and damping, J,, the
momentum of the half shaft, ¢, the rotation angle

of the half shaft and ¢,,, ,, the rotation angle of the
output,

e differential:

J J J ..
J A2+ i+ : Q=
1 l(f (ip(/) 'io)2 (iz(d) 'io)z ’
=M,y ~[ Moy, + M) ) (12)

_ 1 Pu
Mres,f(l) - i : kout,f(l) : i - (pom‘,f(l) +
(U] (U]

Pq
+c :
om"f(l) Ll() . lf(l)

_ 1 Pa
Mres,r(r) ’ kout’r(r) ’ [ - (pour,r(r)] +

iO : li()) i() ’ ir(r)

= out,f(l)\J ? (13)

+cout’r(r) ’ [ (pd - ('pmlf,r(r)\] ’ (14)

10 ’ lrr(r)
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where M, ; are the differential input torque, iy g ) the
gear ratios in the differential, &, 1), and Coufi1) )
the equivalent stiffness and damping of the differential
shaft, J,, J5, J3, J, the momentums of the differential,
@4 the rotation angle of the differential input shaft,
Pout,fi1).r(r the Totation angle of the differential output
shafts and M, q1) - the torque of resistance of the
differential output shatfts,

e drive-wheel, Figs. 4 and 5:

To

| F

Fy
e pn
pn B —

Fig. 4. Load of vehicle wheel

k- tAr

Fpn,z,ekv
Fig. 5. Wheel scheme

Trin P =M _|:kpn,t '((prim _(ppn) +
(0 =000) ) (15)
by, = [k,m,t (@ —00)+
i (n = 0) |- Mos (16)

M _=F, . e (17)

res pn,zekv pn.ekv >

z

_ pl.peg
epn,ekv,ul = > (18)
N
2 42
pn ekv + A B epn ekv + A : epn,ekv - A : C : epn,ekv,ul’ (19)
epn,ekv = epn,ekv,O (for Zp,r,peg = 0)7 (20)

where M, is the wheel input torque, £, and c,,, are
the tangential stiffness and damping of the tyre, J,;,,
/,» the momentums of the wheel rim and tyre, (p,,m, Ppn
the rotation angle of the wheel rim and tyre, M,,, the
resistance torque, F,, . ., the equivalent vertical force
on the tyre, e,, ., the equivalent arm of the vertical
force, r, the outer radius of the tyre, s the distance
travelled in 0.01 s and z, , ., the effective value of the
irregularity height, A, B, C constants.

b. suspension system, Fig. 6:

Fig. 6. Suspension system

m.&'p ’ Z.\'p = k,&' ’ (Zunxp - Z.\'p) + c.\' ’ (Zunsp - pr ) H (21)
mum’p : Zunxp = |:kr,w : (Zp,l - Imvp) + C ( p,l - ZlmSp ):| -

—I:ks -(zump — zsp) +c, -('zmp - 'ZW )} -cos O -%, (22)

= Zpp | FCo [p,—'zw], (23)
Zp > (24)

pnzd(» k; I:

F =k [meg

pn,z

ump:| + C |: pit pcg
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where a and b are the distances in the vehicle
suspension system, J the angle of inclination of the
suspension system, k, and ¢, the equivalent stiffness
and damping of the suspension system, mg, and m,,q,
the sprung and unsprung masses, &,,, and c,, the radial
tyre stiffness and damping, z, and z,,, the position
of the sprung and unsprung masses, F,,,, and F,, ; o,
the vertical and equivalent vertical force on the wheel
and z,, and z,, ., the road irregularity and equivalent
irregularity height.

c. road irregularities:

As the tyre is a deformable element of the
system simultaneously in contact with a number of
irregularities, it is necessary to take into account
the impact of the deformable tyre that is reflected in
smoothing irregularities. This characteristic of a tyre
is given in the form of the transfer function of the
dynamic chain in which the input value is the ordinate
of the road surface micro-profile and the output
obtained is its mean height at the length of the contact
zone between the tyre and the road surface, [6] and
[30]:

k2
pl
(o) +jo-k, 2 +k

W, (jo)= . (25)

where k, is a coefficient that is calculated by the
expression:

k, :(0.9+1.3)-11, (26)

where /, is the length of contact between the road
surface and tyre, and v is the vehicle speed.

The parameter /, is obtained by wusing the
expression:

[,=2-\J0.1-H,-(D,~0.1-H,), 27)

where D, and H, are the outer radius and the height of
the tyre profile.

The spectral density of the process smoothed by
the tyre S,,, is obtained by the transfer function:

S pes (w) =W (](0) W e (_jw) S, (a))’

k2
S .. (0)= ol
() (k;l—w2)2+2-k;,-w2

S, (), (28)

where S}, is the spectral density of the micro profile.
Based on the transfer function shown above,

the following differential equation is obtained,

enabling the calculation of the equivalent height of an

irregularity. This is relevant to the calculation of the
behaviour of the system under the influence of the

irregularities:
z

-kpl-x/z—i-z

where z,, is the accidental height of the irregularity.

. 2 _ g2
pil.peg + Zp‘tvpeg pilpeg kpl A val’ (29)

3 VALIDATION OF MATHEMATICAL MODEL

The validation of a mathematical model requires the
comparison of the obtained results with the data about
the real system behaviour. In that sense, before the
execution of an analysis of a lifespan, a validation
of a model via the comparison of results of computer
simulation with the results of the experimental testing
should be carried out [4]. Regarding the necessary
steps in the analysis, a previously performed
individual analysis of the steps for passenger cars
with front drive shafts and McPherson struts was
used [31]. The experiment was performed on a real
vehicle, where the engine drive torque and the number
of revolutions were maintained at an approximately
constant value. The vehicle was moving in a straight
line over an ideally flat concrete surface at a constant
speed of approximately 20 km/h and over a triangular
irregularity with a height of 55 mm and length of 190
mm.

The validation was done via the comparison of
data obtained from the simulations of a one-quarter
car model, performed under the conditions in which
the experiment was conducted. The comparison was
performed for a change of a spring-damper length,
Zunsp — Zsp» and for the change of drive torque on the
half shaft, M, The parameters used for a computer
simulation are shown in Table 1 [31].

The results of the validation are shown in Figs. 7
and 8 which show the results of experimental testing
and computer simulations.

The diagrams presented in Figs. 7 and 8 clearly
indicate that the simulation and the experimentally
obtained results regarding the suspension and
drivetrain system show a very good compliance,
by which it can be concluded that the presented
analytical model has an advantage and can be used for
the analysis of vehicle behaviour when passing over
irregularities.

4 SIMULATION OF DYNAMIC BEHAVIOUR

The computer simulation of the dynamic behaviour
of the drivetrain and suspension systems under
the influence of disturbances caused by pavement
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Table 1. Simulation parameters

System Symbol Value Unit
M, 150 Nm
oM,/ dw, -0.5 Nms
Drive engine J, 0.15 kgmz
k. 3 kNm/rad
Co 0.1 Nms/rad
‘]17 J2 0.02 kgm?
iy 3.6 -
Gearbox k., 3 KNnyrad
Cy 0.1 Nms/rad
Jl,Jz,J3,J4 0.02 kgm2
. . io 3.58 -
Differential [ 35 KNmyrad
Cout A1) 0.1 Nms/rad
Jps 0.0003 kgm?
Half shaft ke 5 kNm/rad
Cps 0.1 Nms/rad
Jyim 14 kgm?
kv 220 kN/m
Crw - -
ks 4.5 kNm/rad
Cpnt 2 Nms/rad
Drive-wheel Jon 0.3 kgm?
o 0.293 m
ey 0.04 m
A 130 1/s
B 1.5 -
C 3 -
mg, 280 kg
kg 19 kN/m
Cy 2 kNs/m
Suspension Mynsp 45 kg
system J 7.6 °
a 0.27 m
b 0.32 m
kpl 11 1/3

Table 2. Pavement characteristics (coefficient of approximation of
the auto-correlative function)

Road surface Dy
pavement [cm?] A A

1. Asphalt (good) 0.664 1 0 0.13 0 1.06
2. Asphalt (used) 121 015 085 0.05 0.2 0.6
3. Gravel 6.3 0.047 0.9553 0.049 0.213 1.367

4. Stubble (field) 10.63 0.1 0.9 0.2 07 157

oy 0 B

irregularities, for the purpose of an analysis of a
lifespan of a vehicle half shaft, was done using the
previously presented analytical model. The pavement
characteristics are presented as a stationary ergodic

0.06

St
5} 1
S
EE om irregularity (z,,1)
A !
SN
£ 5 00 A experiment ]
&
G N ?“
SE o [
on &0 h\ved
=
< 2
-=
Q -0.02 simulation
-0.04
0.4 05 0.6 0.7 0.8
Time, ¢ [s]
Fig. 7. Change of front axle spring-damper length
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| experiment
300 o
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Z 20 /V\ /\/\ jQ/\K/ simulation |
£ 20
: \ / A\ \
= 150
\
100
£
B 50
0
50 _‘4«{ irregularity
02 03 04 0.5 0,6 0,7 0,8 0,9 1,0

Time, t [s]
Fig. 8. Change in the drive torque on the half shaft

random process with an auto-correlative function,
Ry(%), defined using the expression:

R, (1)=D, -[Alk e cos (B, 1)+ Ay, 'efa“"]. (30)

Therefore, simulations of the dynamic behaviour
of the system when crossing four types of pavement
were made, and pavement characteristics are given in
Table 2 [30].

The dynamic behaviour was simulated in
MATLAB Simulink, in a time corresponding to a
vehicle motion for 30 seconds, with a step of random
excitation of the pavement irregularity of 0.01
seconds. Reflecting that, Figs. 9 and 10 show the best
and worst pavement characteristics in terms of surface
irregularities (pavements 1 and 4 respectively), and
Figs. 11 to 14 show the change in a torque on the
half shaft when a drive-wheel crosses over the four
characteristic pavements.

5 ANALYSIS

Since the measurement readings of a random change
in the load cannot be used directly in the calculation
of the lifespan of a vehicle half shaft, the readings
were converted into a suitable form. To achieve this,
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Time, 7 [s]
Fig. 9. Changes in the random pavement height profile under
the drive-wheel when passing over Pavement 1; (gray thiner line
- random input, gray thicker line - smoothed pavement height

characteristic)
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Fig. 11. Changes in torque on the half shaft when drive-wheel
passing over Pavement 1
300
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&
=
S
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g
=
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Fig. 13. Changes in torque on the half shaft when drive-wheel
passing over Pavement 3

the rain flow method was used (pagoda roof method),
[32].

After the processing of the diagrams of the torque
change on the half shaft when a drive-wheel passes
over a random pavement irregularity (shown in Figs.
11 to 14) which are divided into twenty classes of
amplitude range, Figs. 15 to 22 show the histograms of

0.04 1

-0.04

008}

Irregularity height, z,,, and z,, ; peg[m]

0 0.4 0.8 216 2.0
Time, ¢ [s]
Fig. 10. Changes in the random pavement height profile under
the drive-wheel when passing over Pavement 4 (gray thiner line
- random input, gray thicker line - smoothed pavement height

characteristic)
220

g
=

=
=

o

=

=
S

0 5 o 15 20 25 30
Time, ¢ [s]
Fig. 12. Changes in torque on the half shaft when drive-wheel
passing over Pavement 2

g

=

=

S

[}

=

Z

ﬁ 3

0 5 o 15 20 25 30
Time, ¢ [s]
Fig. 14. Changes in torque on the half shaft when drive-wheel
passing over Pavement 4

the vehicle half-shaft torsion stress and the histograms
of the relative number of occurrences of amplitude
load. The case of the stress of the analysis is presented
for all the pavements noted in Table 2.

In the Figs. 15 to 22, a significant change in the
half-shaft torque can be noticed, depending on the
pavement characteristics.
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Fig. 15. Histogram of the half-shaft torsion torque stress when
drive-wheel passing over Pavement 1
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Fig. 17. Histogram of the half-shaft torsion torque stress when
drive-wheel passes over Pavement 2

For an analysis of the half-shaft lifespan, a
half-shaft material (C.1530) with the characteristics
Tp1y= 180 N/mm? and 7j9)=230 N/mm? was used as
an example. The calculation was done according to the
Sorensen-Kogaev method. The following values were
used in the calculation: stress z,,,;,=0.6 x 7, base cycle
number 5.6x106 and Wohler curve slope exponent
2.6. The half-shaft diameter is 22.8 mm.

Through the lifespan analysis and according to
the load characteristics obtained by the simulated
movement of the vehicle drive-wheel across the
four types of pavement, the half-shaft lifespans for
Pavements 3 and 4 were obtained. In the conditions
of differing pavement types, the lifespan reduction
amounts to 88 % in comparison with Pavements 3
and 4. The lifespan values are not calculated for the
first two categories of a pavement because the method
used for the calculating of a lifespan uses only the
stress values exceeding 60 % of zp,.

Based on the results of the analysis, it is clear that
the pavement characteristics, in terms of a height of

Frequency of occurence

Load class [N/mm?]
Fig. 16. The relative number of occurrences of the amplitude of
the torsion torque of the half shaft when drive-wheel passing over
Pavement 1
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Fig. 18. The relative number of occurrences of the amplitude of
the torsion torque of the half shaft when drive-wheel passes over
Pavement 2

irregularities, significantly affect a vehicle half-shaft
stress and lifespan in a way that the lifespan decreases
with increasing pavement irregularities. As for the
input data for calculating the half-shaft service life
and the calculated service life, they are given only
as an example for a general conclusion on the stated
influences, and not with the aim of dwelling on a
specific half shaft.

6 CONCLUSIONS

This paper gives a description of the set mathematical
model of the dynamic behaviour of a drive and support
system in a vehicle, thus enabling the execution of the
analysis of the lifespan of the vehicle drive system
elements. In addition to the mathematical model, this
paper presents the conducted analysis of the impact of
surface irregularities on the load of a vehicle drive-
wheel half shaft, with a given example of the analysis
of lifespan of the half shaft as a part of the drive
system.
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Fig. 19. Histogram of the half-shaft torsion torque stress when
drive-wheel passes over Pavement 3
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Fig. 21. Histogram of the half-shaft torsion torque stress when
drive-wheel passes over Pavement 4

Based on the above content, it is possible to
formulate the following conclusions:

* when the wheel passes over pavement with
irregularities, forces of an extremely dynamic
character are generated, with directions different
from those in a vehicle moving on a flat pavement,

e the pavement surface irregularities have a
significant effect on the interaction of the wheel
with the road,

» the forces generated at the contact point between
the wheel and the pavement depend on the
characteristics of pavement irregularities.

The results and conclusions concerning the
impact of pavement irregularities on the load and a
lifespan of the vehicle half shaft require the choice
of parameters of a vehicle systems not only in terms
of their impact on driving comfort, handling and
stability, but also, from the standpoint of impact on
load and the lifespan of the drive train elements. This
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Fig. 20. The relative number of occurrences of the amplitude of
the torsion torque of the half shaft when drive-wheel passes over
Pavement 3
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Fig. 22. The relative number of occurrences of the amplitude of
the torsion torque of the half shaft when drive-wheel passes over
Pavement 4

is especially vital for the designs of special vehicles
spending their service life primarily on roads with bad
characteristics, and this would further enhance the
process of the development of design and control for
such systems.

Based on the experiments and the simulation
described in this paper, it can be concluded that the
characteristics of a wheel force and a change of a
suspension position are very complex in cases in
which a vehicle moves along an uneven road surface.
The presented model has an advantage of a simple
adjustment of a vehicle configuration to different
vehicle types and to the different configurations of
their systems.
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