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Wheeled unsuspended machines include many slow-moving machines whose transport
speed does not exceed 30—-40 km/h. A distinctive feature of these machines is that the wheels and
axles of these machines are rigidly attached to the frame, with no elastic and damping devices re-
sponsible for the smooth running of the vehicle. Examples of unsuspended wheeled machines are
tractors, combines, as well as other agricultural, construction and special machines, the operation
of which is carried out mainly on roads with uneven pavement. This article is devoted to the
analysis of the operating conditions of wheeled non-suspended vehicles based on experimental
studies obtained by NATI and other research organizations. Typical operating conditions for
suspensionless machines are fields and dirt roads, which are very diverse and can be in different
conditions depending on the intensity of operation, repair work and other factors. It was found
that most (55%) of the total operating time per year, wheeled tractors carry out transport work,
and a smaller (45%) they operate in the fields. The speed of movement of wheeled tractors dur-
ing most operations in the fields is 5-10 km / h, for harvesting hay and silage crops — 10-15 km /
h, for transport operations — 20-25 km / h. An analysis of the heights and lengths of irregularities
in fields, dirt and gravel roads showed that their values vary in narrow ranges. It was found that
the spectrum of the microprofile changes significantly with increasing speed. This makes it diffi-
cult to accurately determine the ranges of the most probable disturbance frequencies.

Keywords: wheeled unsuspended machine, operating conditions, transport speed, operating
speed.

Introduction

Currently, a large number of wheeled non-suspended vehicles (KBM) are produced and operated:
tractors, combines and other agricultural, construction-road and special wheeled vehicles[1-20]. The ab-
sence of a suspension, on the one hand, simplifies the design of the machine and lowers its cost, but, on the
other hand, the ride smoothness is reduced, since in the KBM the only elements protecting their skeleton
from vibration resulting from wheel collisions on uneven roads are pneumatic tires that have low vibration
protection properties [1-3].

Typical operating conditions for MSC when performing various agricultural operations are fields, and
when performing transport operations — dirt roads, which are very diverse and can be in different states
depending on the intensity of operation, repair work and other factors [4]. They can be classified as fol-
lows:

1) smooth roads with a small number of low irregularities;

2) uneven, worn out roads with a large number of irregularities of various heights, as well as areas
with large irregularities;

3) roads with soft, pliable surfaces.
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Analysis of various operating conditions for wheeled non-suspended vehicles on the basis of
experimental research

As a result of experimental studies, the proportion of the time spent by wheeled and tracked tractors
on performing various agricultural operations during the year was determined, as well as the speed of their
implementation (Table 1).

Table 1
Shares of the time spent by tractors on performing various agricultural operations
during the year and the speed during their implementation [4]
Wheeled tractors Tracked tractors
Agricultural operations _Time for the operation average _Time for the operation average
in % of the total time of  speed in in % of the total time of  speed in
usein a year km/h use in a year km/h
Plowing - - 35 5-8
Cultivation 5 8-10 5 5-8
Sowing 5 8-10 4 5-8
Inter-row processing 5 10 - -
Disking - - 6 5-8
Fertilization 5 5-8 - -
Hay cleaning 15 10-15 10 10-12
Silage harvesting 10 10-15 - -
Transport works 55 20-25 25 10-15

Analysis of Table 1 allows us to draw the following conclusions:

— most of the time — 55% of the total operating time per year, wheeled tractors carry out transport
operations, 45% of them are operated in the fields;

— the speed of movement of wheeled tractors in the fields during most operations varies within 5-10
km/h;

— on 2 operations — when harvesting hay and silage crops, the speed is 10-15 km/h;

— on transport works, the speed is 20-25 km/h.

The operating experience shows that the greatest vibrations of the KBM skeleton occur on uneven
dirt roads with a hard surface. In the fields, KBM sway less, since the surface is soft and has damping
properties. Attached agricultural machines also reduce the vibrations of wheeled tractors, because reduce
the natural frequency. In the case of movement across the furrows in fields with row crops, the vibra-
tions of the skeleton are significantly enhanced, since the KBM overcomes periodic irregularities of a
short length (0.4-1.1 m) with a height of up to 45 mm. However, in such conditions, the KBM is rarely
operated.

As a result of experimental studies by NATI and other research organizations, the characteristics of
their microprofiles were determined [4-6]. In addition, it was revealed that some irregularities have
smooth edges and are symmetrical about the middle, and the profile with several irregularities is close to
sinusoidal. However, no in-depth analysis and generalization of the obtained data was carried out.

In [4], the parameters of roughness collected by measurements were processed by the methods of
mathematical statistics. The obtained distribution densities of heights and lengths of irregularities of
fields and a dirt road in the form of experimental and theoretical diagrams, which are shown in Fig. 1
and 2, also plotted the graphs of the theoretical distribution densities of irregularities heights obtained by
the formula:
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where g, and m, — mean square deviation (RMSD) and mathematical expectation of irregularities
heights; os u ms — RMSD and mathematical expectation of irregularity lengths.
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Fig. 1. Distribution of irregularities heights: a— on stubble (across furrows; mp = 26 MM, oy = 15 Mm);
b —on adirt road (mnh = 39 MM, o, = 22,2 MmMm); 1 — experimental data;
2 —calculated data according to the formula (1)
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Fig. 2. Distribution of irregularities lengths: a — on stubble (across furrows; ms =0,72 m, 0s = 0,32 m);
b —on adirt road (ms =1,93 M, 0s =0,94 m); 1 — experimental data;
2 —calculated data according to the formula (2).

Fig. 3 shows the results of an experimental study of highways in the form of diagrams of the distri-
bution density of heights and irregularities.
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Fig. 3. Characteristics of road irregularities operated by vehicles [6]:
a — distribution of heights of irregularities per 1 km of track; b — distribution of irregularities lengths:
1 - heavily worn cobblestone highway; 2 — heavily worn dirt road; 3 —dirt road
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From the diagrams (Fig. 1a, 2a and 3a) it follows that the most probable heights of irregularities are
within the following limits:

—onthefield ...........oooiiii 1045 mm;
—onadirtroad ............oiiiiii e, 20-60 mmy;
— on a heavily worn cobblestone highway ................. 15-70 mm;
—on a heavily worn dirt road...................ceveenn 10—80 mm;
— on a broken crushed stone highway ................... 30—-100 mm.
The diagrams in Figures 2b, 3b and 4b show that the most probable irregularity lengths are within:
—onthefield ..............oooi i 0.3-1.4 m;
—onadirtroad ... 0.7-3.0 m;
— on a heavily worn cobblestone highway .................. 0.6—1.8 m;
— on a heavily worn dirt road .........c.ccceeevevienrienreennnns 1.0-3.0 m;
— on a broken crushed stone highway .................... 1.0-3.5 m.

Fig. 4 shows the dependences of the height of irregularities h of different roads on their length s,
from which it can be seen that as the length of the irregularities increases, their height increases propor-
tionally. These dependencies are the reason for the increase in the intensity of vibrations of machines
with an increase in the speed of movement, since in this case the resonance is caused by ever longer ir-
regularities that have a large height.

The results of the study of unevenness of sections of a dirt road of various degrees of wear are given
in Table 2 [4].

Analysis of the data in Table 2 shows that the length of irregularities in areas with different degrees
of wear differs slightly, the height of irregularities in slightly worn areas is on average 50% less than in
highly worn areas.
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Fig. 4. Dependences of the height of the unevenness on the length of the unevenness:
1-on adirt road; 2 -on acement concrete highway; 3 —on adirt road
1 - heavily worn cobblestone highway; 2 — heavily worn dirt road; 3 —dirt road

Table 2
Parameters of unevenness of sections of a dirt road of various degrees of wear [4]
Plot Section  The number of Length Height Distance between
length irregularities irregularities irregularities irregularities (step)
Linm on the site sinm hinmm ainmm
Badly worn 85 51 1,41 38 1,6
105 64 1,40 34 1,39
92 54 1,42 38 1,61
Medium worn 47 33 1,25 29 1,26
65 33 1,25 29 1,26
Badly worn 60 38 1,25 33 1,16
Medium worn 36 25 1,22 32 1,30
Little worn 51 32 1,07 23 1,28
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The classification and parameters of unevenness of dirt and gravel roads, obtained as a result of
processing these measurements, are shown in Table 3 [4].

Comparison of the research results obtained on the basis of Figures 1, 2 and 3 with the data of Ta-
bles 2 and 3 shows that they basically correspond to each other. A slight difference is observed in the
ranges of variation of the parameters of irregularities; in the tables they are narrower than in the figures.
Analysis of the distribution density diagrams of the heights of irregularities (Fig. 1a, 2a and 3a) and the
data of tables 2 and 3 allows us to draw the following conclusions:

1) on stubble across furrows: expected height of irregularities m;, = 26 mm, standard deviation g, =
15 mm, expected length of irregularities m, = 0,72 m, g, = 0,32 m;

2) on a dirt road: the mathematical expectation of the height of irregularities m;, = 39 mm, standard
deviation o, = 22,2 mm; expected length of irregularitiesm, = 1,93 m, g, = 0,94 m;

3) on a heavily worn gravel road there are bumps of the maximum length — 3,5 m, which can cause
resonance vibrations at high speed (25-35 km/h).

Table 3
Classification and parameters of unevenness of dirt and gravel roads
Height Length Distance between irreg-
Roads irregularities irregularities ularities (step)
hinmm sinmm ainmm
Ground:
Little worn 20-30 1,0-1,1 1,0-1,5
medium worn 30-40 1,0-1,5 1,5-2,0
badly worn 40-70 1,5-2,5 2,0-2,5
Gravel:
Little worn 10-20 1,2-15 1,5-1,8
medium worn 20-30 1,5-2,0 1,8-2,0
badly worn 30-60 2,0-3,5 2,0-3,5

The microprofile of various sections of roads and agrophones can be represented as a random alter-
nation of protrusions and depressions of various sizes and shapes, and described by a continuous random
function [7]. It is assumed that the random process of the impact of the micro-profile of a road or a field
on a tractor is stationary (independent of the start of the reference time) and ergodic, i.e. allowing to
construct the characteristics of the distribution of a random function of the microprofile according to one
of its implementations.To characterize a random micro-profile, it is convenient to use the correlation
function K(x) or spectral density S(p). Fig. 5 shows the spectral densities of a sample series of
microprofiles of a potato field, obtained on the basis of experimental measurements when a tractor is
moving at different speeds in gears I and II. Fig. 6 shows the spectral densities of a sample series of
microprofiles of virgin lands and deposits [8].
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Fig. 5. Spectral densities of sample series of microprofiles of a potato field,
obtained on the basis of experimental measurements: a — potato field (I gear);
b — potato field (Il gear)
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Fig. 6. Spectral densities of sample series of microprofiles
of agricultural phones obtained on the basis of experimental measurements:
a—virgin lands; b — deposits

Analysis of the curves in Fig. 5 and 6 leads to the following conclusions:

1) on all considered agrophones, the main frequency spectrum is in the range of 0 ... 1.5 Hz, i.e.
means that there are irregularities of great length and height on the fields, which do not affect the
smooth running of the KBM;

2) in the frequency range of 2—4 Hz (in which the resonance of various MSCs on agrophones is pos-
sible), there are peaks on all spectra of the fields, they indicate the frequencies in which the height of the
irregularities is greater;

3) with an increase in the speed of the tractor (when switching from the first gear in the potato field
(Fig. 5a) to the second gear (Fig. 5b)), the spectrum changes significantly, sharp peaks appear at fre-
quencies in the frequency range of 2—4 Hz, in which the KBM resonance is possible with the same fre-
quency of natural vibrations of the frame on the tires.

A significant change in the spectrum of the micro-profile with an increase in the speed of movement
makes it difficult to accurately determine the most likely frequency ranges of the disturbing effect of a
dirt road and various fields when tractors and other MSCs move at different speeds, therefore, to find
these frequency ranges, it is advisable to use statistical data on the most probable lengths of irregularities
on the roads and fields above.

Conclusions

* Typical operating conditions for suspensionless machines when performing various agricultural
operations are fields, and when performing transport operations, dirt roads.

» Most of the time — 55% of the total operating time per year, wheeled tractors carry out transport
operations, and 45% of them operate in the fields.

* The speed of wheeled tractors in the fields during most operations varies within 5-10 km / h,
when harvesting hay and silage crops the speed is higher — 10-15 km / h, and in transport operations the
speed is 20-25 km / h.

* Heights and lengths of irregularities of fields and dirt roads are in the ranges: 10-60 mm and 0.7—
3.0 m, respectively.

* The spectrum of the micro-profile changes significantly with increasing speed, which makes it dif-
ficult to accurately determine the frequency ranges of the disturbance.
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AHANKN3 YCNOBUU 3KCMNTYATALMN KONECHbBIX
BECMNOABECO4HbIX MALUWH HA OCHOBE
AKCNEPUMEHTAJIbHbIX NCCIIEOOBAHUU

U.M. Ps6og", A.B. [Mo3dees’, B.B. Eponmaes’,
H.B. TumowuH®, A.C. bsikoe®, T.B. I" ony6qu1(2,
B.T. [Jbizano?, O.U. Yydakoe?, K.b. Eeceee’, P.A. 3akupoe®

'Bonzozpadckuti 20cydapcmeeHHbIl mexHuYeckull yHusepcumem, 2. Bonzoepad, Poccus
?Mockosckuti 2ocydapcmeeHHbili mexHu4eckull yHusepcumem um. H.3. baymaHa, 2. Mockea,

Poccusi

310xHO-Ypanbckuli 2ocydapcmeeHHbill yHusepcumem, 2. YensbuHck, Poccust

K konecHbIM OeCHOIBECOYHBIM MalIMHAM OTHOCSTCS MHOTHME THUXOXOIHBIE MAIIMHBI,
TPaHCIIOPTHAsI CKOPOCTh KOTOpBIX He mpebimaer 30—40 km/4. OTIMYUTENbHON 0COOEHHOCTHIO
JAHHBIX MAIUH SABJISETCS TO, YTO KOJIECA U MOCTBI 3TUX TPAHCIIOPTHBIX CPEICTB )KECTKO KPEIsIT-
s K paMe, IIPHU 3TOM B KOHCTPYKIIMU aBTOMOOMIISI OTCYTCTBYIOT YIIPYTHE U TacsIie yCTPOUCTBa,
OTBEUAIOLIHE 3a MJIABHOCTh X0Jla TPAHCIIOPTHOrO cpencTa. [Ipumepamu GecriogBeCOYUHBIX KO-
JIECHBIX MAalIWMH SBJIAIOTCA TPakKTOpa, KOMOAIHBI, a TaKkkKe OPYrue CelbCKOXO03sHCTBEHHEIE,
CTPOUTENBEHO-JOPOXKHBIE U CIeHAIbHbIE MAIIUHEL. THIMYHBIMH yCIOBUSAMH 3KCIUTyaTaluu Oec-
MIOIBECOYHBIX MAIHMH SBJIAIOTCS IOJIS M TPYHTOBBIE JJOPOTH, KOTOPBIE BECbMa Pa3HOOOPA3HBI
MOT'YT HAXOJUTHCSI B PA3JIMYHOM COCTOSIHUM B 3aBHCHMOCTH OT MHTEHCHBHOCTH JKCILTyaTallUH,
MPOBENICHUS] PEMOHTHBIX PaboT U ApYrux (akTopoB. JlaHHAs CTaThs MOCBAILCHA aHATIH3Y YCIO-
BUH 3KCIUTyaTallM KOJIECHBIX OECHOABECOYHBIX MAlIMH Ha OCHOBE HKCIEPHMEHTAIbHBIX HCCIIe-
noBaHuit, nmonydeHHbIX HATU u npyrumu HayqHO-HCCIEOBATENbCKUMU OpraHU3alusIMi. BoI-
SIBJIEHO, 4TO 00JbIIyI0 9acTh (55 %) oT o0miero BpeMeHu paboThl 3a TOA KOJECHbBIE TPAKTOPEI
OCYIIECTBIISIFOT TPAHCIIOPTHBIE PabOTHI, a MEHBUIYIO (45 %) OHM SKCIITYaTHPYIOTCS Ha TOJSX.
CKOpOCTh IBI)KEHHS KOJECHBIX TPAKTOPOB IIPH BBIMOIHEHWN OONBIIMHCTBA ONEPALUA Ha I10-
nsx — 510 km/4, Ha yOOpKe ceHa M CHIOCHBIX KynbTyp — 10—15 km/4, Ha TpaHCHOPTHBIX pabo-
Ttax — 20-25 kM/4. AHaNU3 BBICOT U JUTUH HEPOBHOCTEH MOJIEH, TPYHTOBBIX U TPABUIHBIX JOPOT
MIOKa3aJl, YTO UX 3HAYCHHUS N3MEHAIOTCS B Y3KHX AMAIa30HaX. Y CTAHOBJIEHO, YTO CIIEKTP MUKPO-
npouIIs 3HAYNTETHHO U3MEHSETCS IIPU YBEIMUYEHUH CKOPOCTH JBIDKEHHA. JTO 3aTPyAHSET TOY-
HOE OMpeJIeNICHNE TUaNa30H0B HanOoee BEPOSATHBIX YaCTOT BO3MYIIAOIIETO BO3AEHCTBHA.

KnroueBble ciioBa: xonecHas OecrioBeCOYHass MAIINHA, YCIOBHS 3KCILTyaTalld, TPaHC-
TIOPTHAsE CKOPOCTh, pabodast CKOpPOCTb.
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