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ANALYSIS OF MOTOR-GRADER LOADING ON THE BASIS OF FRACTAL
DIMENSION

A. Polyarus, Prof., D. Sc. (Eng.), R. Paschenko, Prof., D. Sc. (Eng), E. Poliakov, Ph. D.
(Eng.), A. Lebedinskyi, student, Kharkov National Automobile and Highway University

Abstract. The possibility of fractal dimension application for analysis of grader loading modes is con-
sidered in the article. The fractal dimensions of experimental dependences of load on the coupling pin
of the grader at its different working conditions are calculated. It is determined that the magnitude of
the fractal dimension allows to estimate the highest and lowest load of the grader.
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A.B. JlebenMHCbKUI, CTYAEHT,
XapkiBcbKHUil HANIOHAJIBLHUIT ABTOMOOLILHO-10POKHIil yHIBepcUTeT

Anomauia. Poseasinymo mMoacaugicms GUKOPUCMAHHS (PAKMATbHOT pOZMIPHOCI 015 AHANIZY PexCU-
Mi8 HasanmadicenHs asmoepetioepa. Pospaxosano paxmanvui posmipHocmi excnepumeHmanbHux
3a1eJCHOCIell HABAHMAICEHHS HA WBOPHI asmozpelidepa 3a pi3HUX pobouux ymos asmoepetioepd.
Tokazano, wo seruuuna GpakmaibHol posMiPHOCH 003605€ OYIHUMU HAUOLIbWI Ma HAUMEHW Ha-
8aHmMadiCenHs agmoapetioepa.

Knrouoei cnosa: ppaxmanvha posmipuicme, 6i08an asmozpeioepa, pexicum Ha8aHmaNiCeHHs.

AHAJIM3 HATPY3KH ABTOT'PEHJEPA HA OCHOBE ®PAKTAJIbHOM
PASMEPHOCTH

A.B. Iloasipyc, npod., A.T.H., P.D. [lamenko, npod., 1.T.H.,
E.A. lloasikoB, K.T.H., A.B. JleOeqnuHCKMi, CTYAEHT,
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Annomayus. Paccmompena 603MOACHOCHb UCNONb308AHUSL (PPAKMATLHOU PAZMEPHOCHU OIS AHATU-
3a pexcumo8 Hazpy3ku agmoepeudepa. Paccuumanvl ppaxmanvrvle pazmeprocmu sKcnepumMenmab-
HBIX 3a6UCUMOCHIEN HASPY3KU HA WKBOPHE NPU PA3TUYHBIX YCI08UAX pabombl asmoepetioepa. Tlokasza-
HO, 4MO 6elUYUHA DPPAKMATLHOU PAZMEPHOCHIU NO3608em OYeHUmb HAuboabuiue U HAuMeHbuiue
Hazpy3Kku asmoezpelioepa.

Knrwoueswvie cnosa: ppaxmanvhas pasmepHoCchb, OMEal a8mospetoepa, peicum Haepy3Ku.

Introduction

The main working body of any motor-grader
(grader) is a fully steerable blade with knives
mounted at an angle to its longitudinal axis. De-
pending on the soil structure the grader blade is
under the influence of alternating dynamic
loads. In its turn the impact of loads can lead to

the machine failures due to the appearance of
cracks in metal structures. In addition to the soil
structure, the load blade grader is also influ-
enced by the parameters of its work, such as
grader blade deflection, turning the angle of the
blade, rotation frequency of the motor shaft, etc.
The influence of these parameters can be inves-
tigated by wusing the vibration diagnostic



ABTOMOOGMNBLHLIA TPaHCNOPT, Bbin. 39, 2016

methods. Various parameters of the machine
lead to different modes of dynamic loads. The
level and nature of the vibrations acting on the
machine construction due to alternating loads
can be estimated by analyzing the time-stress
dependences on the grader coupling pin.

Analysis of publications

Investigation of earth-moving machines parame-
ters is carried out to predict the possible mal-
functions of their work. In this case various vi-
bration diagnostics methods are used and some
of them are presented in [1]. The research results
presented in [2] show that it is possible to esti-
mate the dynamic forces that act on the metal
structure by using the results of dynamics of
earth-moving machines analysis with a sharp
increase in the resistance of movement. To carry
out such an analysis it is necessary to obtain the
original data about loads on the elements of ma-
chines received in different modes of their oper-
ation. In [3] the possibility of the phase portraits
application for classification of grader load
modes is considered. On the basis of experi-
mental data describing the loads on the grader
coupling pin the phase portraits for different
modes of its work were constructed.

Purpose and problem statement

It is expediently the determination of grader load
modes to carry out on the basis of experimental-
ly obtained signal implementations which de-
scribe the load on the grader coupling pin. In
this case, different load modes lead to various
forms of recorded signals. The value of the frac-
tal dimension (FD) [4] can be the characteristic
of signal shape and the contrast of these shapes
due to the loading on the grader coupling pin, in
turn, leads to different values of FD. Therefore,
the analysis of the possibility of FD using for
estimation of load on grader coupling pin is of
practical importance.

The aim of the article is estimation of fractal
dimension usability for determination of grader
load mode changes.

Obtaining the experimental data

An essential element of grader is a ball coupling
pin through which the tractive forces from the
drive wheels to the grader blade during perform-
ing of work operations are transmited. There-
fore, it is advisable to estimate the loads acting
on this element of grader. For this purpose, the

field measuring experiments were carried out on
the test area of our university. As a research fa-
cility the grader DZK-251 produced at Kriu-
kov’s Railway Car Building Plant was used. The
procedure of experimental research conducting
and measuring system that was used at the same
time are described in [5]. Measurements of
stress on the grader pin were performed with
using of strain gauge transducers (sensors).

Changing parameters of grader during the exper-
iments are shown in Fig. 1.

Coupling pin ]

80°60°

Fig. 1. Changing parameters of motor-grader

In Fig. 1 the letter o means grader blade rotation
angle and R — grader blade deflection. The fig-
ure also shows the point of load measurement on
the pin.

During the experiments the influence of various
positions of the grader blade at the stress arising
on the grader pin was evaluated. The grader pa-
rameters were changed as follows: grader blade
deflection (R) was equal to 0 m, 0,7 m and
1,4 m; blade angle of rotation (o) — 40°, 60° and
80°; number of the motor shaft revolutions (f) —
900 rev/min, 1100 rev/min and 1300 rev/min.
Indications of the sensors in the form of digital
data from the measurement system were record-
ed in the permanent memory of the computer. In
[3], all the time dependences of the stress
(o, MPa) on the grader pin from variable param-
eters outlined above were presented and detailed
analysis of these temporary implementations
was carried out. In this paper, for example, we’ll
adduce only temporary dependences of stresses
(Fig. 2): on the grader pin (in voltage) when
grader blade deflection (R) is respectively equal
to 0 m (a), 0,7 m (b) and 1,4 m (c) for fixed
values of the blade angle (a0 = 80°) and
the number of the motor shaft revolutions
(f = 1300 rev/min). The nature of time realiza-
tions for the other variable parameters is similar
to those which are shown in Fig. 2.

In the figures on the ordinate Y the stress on the
grader pin (o, MPa) is represented and on the
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horizontal axis / — execution time of work op-
erations. In this case the value of / =1 x 104
corresponds to the time ¢ = 10 s. The time
t=10 s corresponds to the value of /= 1x10*.
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Fig. 2. The time realizations of stress signals on
grader pin at R=0 m (a), R=0,7 m (b),
R=1,4m(c)

Fig. 2 shows that at the first 2-3 seconds grader
was working without interaction with the ground
and the load on the pin was minimal. The stress
on the pin was increasing abruptly during the
interaction of the blade and the ground. Later the
load signal on the pin was changed irregularly
and had an indented character. It should be not-
ed that the indented nature of the stress changing
is practically independent of the grader blade
deflection.

Thus, from the analysis of the stresses on the pin
it can be concluded if there was a load on the
motor grader or it was working without load.
However, over the time realizations of stresses it
is practically impossible to determine under
what parameters of grader the load is maximal
since the maximum value of the signal ampli-
tude is almost the same and the nature of its
changes is indented at any parameters of grader.

As well as in the study of stresses at the grader
blade deflection during fulfillment of working
operations at different turning angle of the blade
the stress amplitude on the pin is increased and
has an indented character when the blade inter-
acts with a soil.

The character of time realizations of the stress
on the grader pin at different frequency of the
motor shaft which is given in [3] doesn’t differ
from the character of time realizations that has
been shown in the Fig. 2. Initially, the work op-
erations are done with no load and then the
stresses on the pin are increasing abruptly and
have an irregular character.

Thus it can be easily defined the time of motor-
grader loading occurrence with the help of time
realizations of loadings (by an abrupt increase in
the stress amplitude), however, it is hardly to
determine the relationship between motor-grader
loading conditions and its parameters as a part
of the stress time realizations of working opera-
tions. For analysis of signal forms that describe
the load on the grader pin we’ll use the value of
the fractal dimension.

Calculation of fractal dimension

In practice, the dimension of Hausdorf- Be-
sicovitch D [6] is often used for estimation of
fractal characteristics of various structures

. logN(e
D= lim e (&)
e—0 1
log| —
€

where N(g) — number of covering elements; € —
the side length of covering element.

All existing FD calculation methods include the
calculation of volume, area or length of the frac-
tal shape and its changes during scaling.

The method of the fractal dimension determin-
ing with using of signals covering by squares
comprises the following steps [7].

1. Some value of ¢ is defined, the time domain
of the source data existence is divided into
squares with a side € and the number of squares
that covered all the known points (Fig. 3) are
calculated. As a result, one value N(g) is ob-
tained.
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Fig. 3. Example of arrangement of the original
sample covering

2. Assume that the calculations of N(g) were
performed for different lengths of the side € (at
Fig. 3 these values are €, & = €/2, &3 = €//4). As
it follows from the definition of FD [4], for
small values of & the number of the covering
elements N(g) should be equal to ~¢™® and in
this case log N(e) = — D-log . Now, with using
of the obtained data the dependence logN(¢)

versus log (lj (Fig. 4) is plotted.
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Fig. 4. The determination of Hausdorf-Besico-
vitch dimension with the use of covering
method

3. The FD estimating is reduced to the search of
«the most linear» area of the relationship be-
tween log N(g) and log 1/¢; construction of the
linear approximation of the form log N (g) =
=—b - log € + C in this area, for example, by
using of least squares method (LSM) [8]; FD
estimation by evaluation of LSM line slope.

It should be noted that the choice of the most
linear area in this algorithm is a difficult thing to
formalize. Approximation of a linear part of the
plot with using of LSM does not always produce
reliable results. The straight line plotted on the
basis of linear approximation for 10 points
(LSM straight line) is shown in Fig. 4. In addi-
tion, another straight line is depicted at the same
figure according to the selected 7 points when
choosing the linear range of the plot (straight
line area). It can be seen that the slopes of the

lines do not differ significantly, however, FD is
calculated more precisely when choosing linear
range. Thus it needs to calculate the slope of
approximating line using linear range of plot of
log N(¢) as a function of log 1/&.

Analysis of grade loads using the fractal
dimension

Let’s consider the possibility of FD using for the
analysis of grader load. For this purpose, we
calculate the values of the FD for the time reali-
zations of stresses on the pin at different grader
parameters (grader blade deflection, grader
blade rotation angle, frequency of the motor
shaft). The fractal dimension was calculated by
using of the method described above.

The FD (D) dependences on the grader blade
rotation angle with blade deflection R = 0 m and
frequency of the motor shaft: /=900 rev/min
(solid line), /= 1100 rev/min (dotted line) and
f=1300 rev/min (dash-and-dot line) are shown
in Fig. 5.
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Fig. 5. FD dependences on the grader blade de-
flection at R=0m

As it can be seen from the curves in Fig. 5, the
maximum value of FD and consequently the
greatest unevenness of time stress realizations
occurs when the grader blade rotation angle val-
ue is equal to o = 60°. Moreover, the greatest
FD value is fixed when the frequency of the mo-
tor shaft reaches the value of f= 1300 rev/min.
The minimum values of FD for three curves are
observed at a = 40°. However, in contrast to the
greatest FD values among the maximum values,
the greatest FD values among the minimum val-
ues were fixed at =900 rev/min. Also, as it
follows from Fig. 5, increasing of the grader
blade deflection more than 60° leads to the FD
decrease.

Fig. 6 shows that similar behavior is observed
when the grader blade deflection value is
R=1,4m. However, the highest values are ob-
tained at two angles of blade deflection o = 40°
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and o = 60°, but not at a single one as it was previ-
ously.
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Fig. 6. FD dependences on grader blade deflec-
tionat R=1,4m

However, the FD behavior differs from the cases
examined above when grader blade deflection
value is R = 0,7 m (Fig. 7).
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Fig. 7. FD dependences on grader blade deflec-
tionat R=0,7 m

Fig. 7 shows that FD is less dependent on the
grader blade deflection and at frequency of the
motor shaft f=1300rev/min it practically
doesn’t change. The maximum values of FD
were obtained when =900 rev/min, but the
minimum values correspond to a = 60°. Also the

minimum values of FD were calculated at
f=1100 rev/min.

Thus the analysis of FD values for various grad-
er blade deflections showed that when grader
work operations are in progress the maximum
loads (unevenness of initial signal) are observed
at o= 60°, f=1300 rev/min and R = 1,4 m, and
minimum — at /= 1100 rev/min and R = 0,7 m.
Let’s consider the FD of time stress realizations
on the pin for other grader parameters.

The FD dependences on grader blade deflection
at blade rotation angle o = 40° and frequency of
the motor shaft =900 rev/min (solid line),
f=1100 rev/min (dotted line) and
f=1300 rev/min (dash-and-dot line) are pre-
sented in Fig. 8. Fig. 8 shows that with the in-

creasing of grader blade deflection the FD value
also increases due to greater unevenness of
measured signals. The maximum FD values and
consequently the big loads were fixed at
=900 rev/min.
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Fig. 8. FD dependences on grader blade deflec-
tion at o = 40°

Meanwhile, when the grader blade rotation an-
gle is o = 60°, the FD minimum value occurs at
grader blade deflection value R = 0,7 m for any
frequency of the motor shaft value (Fig. 9) and
FD minimum value — at f= 1100 rev/min. Thus,
the minimum loads of grader will be received
when its blade deflection R=0,7m and
f=1100 rev/min.
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Fig. 9. FD dependences on grader blade deflec-
tion at o = 60°

It should be noted that similar FD behavior is
held at f=1100rev/min and f= 1300 rev/min
(Fig. 10) when a = 80° but at =900 rev/min the
maximum value of FD was received at

R=0,7m.
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Fig. 10. FD dependences on grader blade deflec-
tion at o = 80°

Thus analysis of dependences of FD values on
grader blade deflection has revealed that the
maximum FD wvalues were achieved at
=900 rev/min for the all grader blade rotation
angles and the minimum value at o=60°
f=1100 rev/min and R = 0,7 m.

The dependences of FD values on the frequency
of the motor shaft at grader blade rotation angle
at o.=40° and grader blade deflection at R =0 m
(solid line), R = 0,7 m (dotted line) u R =1,4 m
(dash-and-dot line) are illustrated in Fig. 11.

As it follows from Fig. 11, the greatest values of
FD are observed at /= 900 rev/min and the min-
imum values — at f= 1100 rev/min for any grad-
er blade deflection value. The minimum FD val-
ue was fixed at = 1100 rev/min and R = 0 m.
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Fig. 11. FD dependences on frequency of the
motor shaft at o = 40°

Fig. 12 shows that at grader blade rotation angle
o= 60° the minimum FD values also occur at
f=1100 rev/min, however the maximum FD
values were not fixed at f'= 900 rev/min but they
were detected at /= 1300 rev/min, R =0 m and
R=14m.
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Fig. 12. FD dependences on frequency of the
motor shaft at o = 60°

The significant differences in FD values behav-
ior occur at grader blade rotation angle value

o = 80° (Fig. 13). In this case the spread of FD
values is insignificant, i. e. it depends less on
frequency of the motor shaft. In addition, it’s
difficult to estimate the maximum and minimum
FD values at various frequency of the motor
shaft and grader blade deflection values, because
practically they don’t differ.
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Fig. 13. FD dependences on frequency of the
motor shaft at o = 80°

Thus analysis of dependence of FD values on
frequency of the motor shaft showed that the
minimum FD values can be seen at
f=1100 rev/min, a=60°, R=0,7m, and the
maximum values — at /=900 rev/min, o = 40°
and R=1,4m and also at f= 1300 rev/min,
oa=60°and R = 1,4 m.

Conclusions

The calculations of FD can be used for numeri-
cal estimation of irregularities of signals re-
ceived from the sensors mounted on motor-
grader pin.

Analysis of FD of experimental stress signals
measured on motor-grader pin showed that its
value depends on grader parameters when work
operations are in progress.

Analysis of dependences of FD values on blade
rotation angle, grader blade deflection and fre-
quency of the motor shaft showed that when
work operations are in progress the minimum
loadings occur at o0=60°, R=0,7m wu
f=1100 rev/min and the maximum loadings — at
a=40° a=60° R=1,4muf=900 rev/min.

During further research it is advisable to consid-
er the possibility of the fractal dimension using
for the analysis of phase portraits of stress sig-
nals on motor-grader pin.

In the further work it is necessary to assess the
possibility of using of the work results to im-
prove the methods for determining grader oper-
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ating modes used in current normative docu-
ments.
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