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Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of
Science offers to researchers, authors, publishers, and institutions sets it apart from other
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sciences in the Emerging Sources Citation Index demonstrates our dedication to providing the
most relevant and influential content of geology and engineering sciences to our community.

KaszakcmaH Pecniybnukacbl ¥nmmebiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonoausi xoHe
MeXxHUKarbIK FbifibiIMOap Cepusicbl” fbinbIMU XypHanbiHbiH Web of Science-miH xaHanaHfaH HyckKachbl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapnaldbl. byn uHdekcmeny
b6apbicbiHOa Clarivate Analytics kommnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke Kabbinday moceneciH
Kapacmebipyda. Webof Science sepmmeywinep, asmopnap, bacnawhbinap MEH MeKeMesiep2e KOHmMeHm
mepeHOiei meH canacblH ycbiHaObl. KP YFA Xabapnapbi. [eonoeusi xoHe mexHUKasblK fblibiMOap
cepusicel Emerging Sources Citation Index-ke eHyi 6i30iH KoramOacmabiK yWiH eH e3ekmi xoHe 6edesndi
2eo0rs102usl XoHe mexHuKarnbIK fblribiMdap 6olbiHWa KOHMeHmke adandblfbiMbi30b! 6ir1dipedi.

HAH PK coobwaem, ymo Hay4HbIl xypHan «3gecmusi HAH PK. Cepusi 2eonoauu u mexHU4eCKUxX
Hayk» bbln npuHsam 0Onsa uHdekcuposaHusi 8 Emerging Sources Citation Index, obHoeneHHoul sepcuu Web
of Science. CodepxaHue 8 amomMm uHOeKkcuposaHuU Haxodumcsi 8 cmaduu paccMompeHuUsi KomnaHueul
Clarivate Analytics Ons OanbHeliweao npuHsamus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadecmeo u enybuHy KoHmeHma Ons uccriedosameriel, asmopos, u3damernel U y4dpexoeHud.
BknoyeHue Useecmusi HAH PK. Cepusi eeonoeuu u mexHudeckux Hayk e Emerging Sources Citation
Index demMoHCmMpupyem Halwy NpueepXeHHOCMb K Haubonee akmyasbHOMY U 8/1USIMESIbHOMY KOHMEHMY
10 2e0/102UU U MEXHUYECKUM Haykam Orisi Hawezao coobujecmea.
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INCREASING THE EFFICIENCY OF MOTOR GRADERS WORK
ON THE BASIS OF WORKING ELEMENTS PERFECTION

Abstract. The research considers methods of motor graders rise of efficiency by perfecting constructions of
cutting elements and working organs on the basis of rise of a resource of their work.

The work contains a research of interdependence of parameters of motor graders working organs by statistical
methods with the purpose of detection of the basic tendencies of their development. The basic directions of designing
of motor graders working organs and most perspective constructions are detected by a method of analysis of patent
solutions. The formulas for account of resistance of ground to cutting by a knife with one direct and two sloping
cutting edges with allowance for an angle of declination of a knife and its wear are deduced. The regularities of a
wear of the cutting elements of a blade are investigated, its influence to efficiency of work and on parameters of
working organs design is detected. The maximum size of wear is determined.

The requirements to motor graders working equipment are defined on the basis of conducted researches, the
new constructions of multiple use knives and order of their sequential replacement are developed in correspondence
with the research work. It ensures the raise of efficiency of the machine by 10...15 per cent and it increases resource
of knives in comparison with a traditional construction 3...4 times as much.

Key words: grader, cutting element, wear, soil, blade, cutting, working body.

Introduction. Earthworks in the total volume of construction have a significant share. Over
15 billion m® of earthworks is carried out annually in the CIS, including over 800 million m® in the
Republic of Kazakhstan.

Studies [1,2] have shown that 70...80% of the ETM fleet, including motor graders, work with
unacceptably worn-out CE. At the same time, the performance of motor graders is provided by the engine
power reserve, although they operate in an economically unprofitable mode, with an excess load on
components and parts in comparison with the optimal one, with an increase in fuel consumption, which
ultimately increases the cost of soil development.

The wear allowed in practice of the CE ETM causes an increase in the cutting force by 3...4 times, the
energy intensity of the cutting process by 1,4...3 times, the cost of soil development by 8...15% with a
decrease in productivity by 10...30%. This leads to an increase in the stress state of the entire machine and
reduces its operational reliability. Excessive wear of the CE leads to the economic impracticability or
practical impossibility of further operation of the machines.

The above-mentioned intensive wear of CE ETM [6], which leads to an increase in the energy
intensity of ground cutting, requires frequent replacement, in which most of the expensive scarce metal
goes to scrap. Therefore, one of the main ways to improve the efficiency of ETM is to improve CE
structures by reducing their metal consumption by making the wear part of the tool removable, reducing
the energy consumption of the cutting process and increasing the wear resistance.
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The above-mentioned areas of research on the productive use of machines, identification and creation
of promising designs of working bodies have determined the task of further improving the efficiency of
motor graders by improving the working elements, taking into account their wear resistance, and this
determines the relevance of the work.

Methods. Theoretical research has been carried out to identify the most significant parameters of the
working bodies of motor graders by the method of correlation analysis.

By processing an information databank on a PC which includes more than 5600 parameter values of
282 grader models, the following results are obtained:

— pair correlation equations are derived, while the main parameter is the power of the installed
engine, which is most correlated with the other parameters;

— a regression equation is obtained that relates seven parameters of the blade [8], changing
simultaneously, with the engine power:

N=-184-10""+1.21-10"1°Bo — 1.27-107%°Ho — 1.81- 10~ °Hz +
+4.67 - 10" Hr — 4.92-107%%Zv + 0.002Po — 1.26 - 10~ 15C. 1)

The obtained regression equations showed that from the studied parameters of the damp, the decisive
factor is the force pressing the blade (force in the hydraulic cylinders of the blade), i.e. force providing
cutting of the ground, the value of which is closely related to the wear of the CE.

This confirms the importance of studying the patterns of CE wear and their use in the design and
operation of dumps.

The results of the analysis of patent information on CE of motor graders are considered. A
morphological classification of patent information was developed [3], which allowed it to be systematized.

A PC was used to process the patent information collected and systematized by the classifier, in
particular to obtain regression equations to determine the rate of patenting for each classification feature.

Based on the processing of information arrays, mathematical models of patenting dynamics for motor
grader knives, the method and structures of their attachment are obtained, which are shown in table 1,
which allow us to identify the main trends in improving the working bodies of motor graders and their
prospects, as well as the prospects and significance of individual design solutions.

Table 1 — Mathematical models of the dynamics of patenting motor grader knives,
methods and structures of their attachment (according to morphological classification

Cipher Classification features Code Regression equation

P For the purpose of knives 1 N, = exp[0.347 + 0.028(t - 87.500)]
P By the shape of the knife 2 N, = exp[0.396 +0.037(¢ — 88.286)]
P By the profile of the knife 3 N, = exp[0.719+0.093(t — 88.667)]
P4 The rows of fastening of the knife 4 N, =exp|0.358+0. 124(t - 88.600)]
Ps By the number of cutting edges 5 N, = exp[0.914 + 0.102(t - 88.286)]
Ps By the location of the cutting edges 6 N, = exp[0.783 +0.10 l(t - 87.000)]
P; By the shape of the cutting edges 7 N, = exp[0.099 + 0.030(t - 87.857)]
Ps Increased wear resistance, durability, rigidity, reliability 8 N, = exp[l .090+0.1 29(t —88.09 1)]

Py By the method of fastening the knife 9 N, = exp[0.896 + 0.028(t - 87.250)]
Pio By the shape of the bolt heads 10 N, = exp[0.173 + 0.044(t - 86.875)]
Pui By bolt bar shape 11 N, = exp[0.497 —0.079(t —90.000)]
P12 By the shape of the holes on the knife and base plate 12 N, = exp[0.717 - 0.070(t - 89.000)]
P13 By the design of the tightening elements 13 N, = CXp[l.l69 - 0.049(t — 87.833)]

Pis Digging process intensifiers 14 N, = exp[0.277 + 0.078(t - 89.400)]

It is established that one of the most promising directions in the design of dump knives is their
multiple use, i.e. execution of several cutting edges on one knife [7.9].
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Figure 1 — Diagram of forces acting on the working cutting edges of the knife

Results. One of the most significant design solutions is a rectangular knife with four cutting edges.
This design is taken as a basis for further improvement. The development of this direction is possible by
using polygonal knives with more than four edges.

Theoretical developments of the main stages of ground cutting with reusable polygonal knives are
considered, taking into account the possibility of simultaneous direct and oblique cutting with three or two
adjacent cutting edges. A diagram of the knife operation is shown in figure 1, and on its basis formulas are
derived that allow to characterize the change in the ground resistance to cutting depending on a number of
factors that can affect the design of the CE blade, i.e. its knives.

It is established that the main parameter influencing the resistance of the ground to cutting by knives
[4,5], which make up the cutting part of the motor grader blade, is the angle of capture of the side working
face of the knife o’ 4, depending on its design.

The highest efficiency of cutting soil in a straight position of the damp (when its capture angle
8,=90°) corresponds to the capture angles of the side working face of the knife o’ 4=25...35°.

The angle of inclination of the knife £ also affects the amount of ground resistance to cutting. As it
grows, this value decreases. However, the S parameter is not constructive, but depends on the technology
of the motor grader.

A formula is derived for calculating the resistance P of the soil to cutting with a knife with one
straight and two inclined cutting edges, taking into account the angle of the knife. A formula is also
obtained for calculating the coefficient of reducing the cutting resistance of the soil when using such a
knife in comparison with the work of one straight edge.

A formula is derived for calculating the resistance of the soil to cutting with a knife, taking into
account its wear:

1 r 1 1
P, =B |(h-S)|1+f- -1 |+ 1+ fx -1|+a-|1+f |[——-1]||x
e {( )( 4 \'sin’ o J cos45’ (+r | sin’(p+45°) ] ( 4 sin® @ ﬂ

. 0 .
h-S N r~s1n((o+45 )+ a-sing
2 2-cos45’ 2

5 1-sinp-cos2ep,

{3~Ca -cosp+y, { }}+2-[KZ ‘B, -h-u+e¢-B, -h-,u-z)zl

1+sinp-cos2ep, )
which shows that the formation of wear areas significantly increases the cutting resistance. However, in
order to use this formula effectively, it is necessary to study the patterns of blade wear.

The width of the knife and its edges primarily affect the ability to regulate the process of working off
the blade, in particular, the process of its wear. Production observations were made that showed uneven
wear of the dumb blade along the length. A method of sequential change of the most worn-out sections of
the blade is proposed. The width of the knives should ensure the most optimal division of the blade into
such sections. In this case, the criterion is the cost of working out knives. It is established that the optimal
number of knives on the blade corresponds to 20...25. Accordingly, the width of the knife edge should be

within 120...150 mm, and the ratio of the width of the main working edge and the width of the side
working edge of the knife B./B,=04.06,

— 100 ——
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To the geometrical elements of wear of the blade of the wedge profile include: the blunting area «a»,
oriented at a negative angle «» to the cutting plane and the rounding of the front edge of the blade,
characterized by a radius «». In various specific cases, any of these elements can be of decisive
importance. Identifying the significance of each of them and establishing its critical values is an extremely
difficult task, which, along with this, does not make it possible to obtain sufficiently reliable results due to
the multi-planned process of cutting soil and a large number of random factors affecting it. Therefore, the
complex dimension «S», including all of the above, was taken as the defining wear element.

The study of the regularities of changes in the geometric wear elements that form the reduced size
«S» had two goals:

1. Establish their relationship and on this basis derive the minimum number of formulas that
characterize the given size and are convenient for practical use;

2. Determine the impact of CE wear on the efficiency of cutting the ground and identify the
maximum permissible amount of CE during the operation of the motor grader.

S=bc+cd+de=r-cosa+r-cosp+a-sing or S=r(cosa+cos¢))+a-sin¢7. 3)

As a result of production tests, regularities of changes in geometric parameters of wear of motor
grader dumps in various soils were established. The corresponding equations are obtained.
Taking into account the established dependencies, formula (3) for the most common soils of the
Republic of Kazakhstan can be transformed as follows:
— for sandy loam:
S =(2.7+0.026V)2.13 + cos ), 4)

— for clay-containing soils:
S =(2.7+0.0307 )1.66 +cos ). Q)

The results of calculations using the obtained formulas give satisfactory convergence with the results
of measurements.

On the basis of the carried out experiments, the dependences of the wear elements «» and «a» on
«S» were also obtained, which made it possible to clarify and concretize the General formulas for
determining the forces of ground resistance to cutting. The calculation showed a significant impact of
wear growth on the increase in ground cutting resistance (figure 2).

Comparison of the regularities of changes in the reduced size «S» and performance of motor graders
showed their close relationship. It was found that an increase in the given size to the value S=30mm causes
a decrease in productivity in soils of categories Il and III by more than two times. At the same time, as
mentioned above, most dumps are operated with significant wear of the knives, i.e. the greatest amount of
ground is produced by heavily worn blades.

Figure 2 — Geometric diagram for determining the reduced size of wear

— 101 ——
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The study of changes in the cost of soil development depending on the value of the reduced size of
the blade wear «S» and the amount of ground running at the corresponding wear showed that there are
values of «S» corresponding to the minimum cost. Acceptance of such values as the maximum permissible
will optimize the workflow of motor graders.

c, Vv, P
tenge/m’ tlm‘usa‘nd m’hour
8| 40| o0
50 1 — productivity in the development
of soils of the II category;
6] 30| F---- N
1’ — productivity in the development
40 - of soils of the III category;
2 — operating time for category Il soils;
4] 20 30 2’ — operating time for category III soils;
3 — the cost of developing category II soils;
3’ — the cost of developing category III soils.
20
2 0] F----
10
0 5 10 15 20 25 30 S, mm

Figure 3 — Dependence of changes in productivity, operating time and cost
of development in soils of categories II and III from the given size of bluntness

Figure 3 shows graphs of the above dependencies for soils of category II and III. It is seen that the
cost curves have a well-defined extremum corresponding to the minimum value S ~15mm . The obtained
data show that it is advisable to take S =15mm as the criterion for working out the blade, allowing in
some cases excess of wear to S =18...20mm .

However, it was necessary to clarify the value of the maximum blunting of such a knife. Subsequent
production experiments during comparative tests made it possible to establish that this value corresponds
to the values previously set for standard knives: S =15...20mm .

That hexagonal knives, as well as knives of other polyhedral shapes, cannot be used as side knives of
the blade, if the nature of the work requires its inclined position with an angle of inclination y>5°. Here
you need to use knives that have a side edge perpendicular to the working edge. Therefore, in this case,
«K»-shaped knives are proposed as side knives.

On the basis of hexagonal and«K»-shaped knives, three designs of the cutting part of the grader blade
were developed (figure 4):

- with hexagonal knives fixed on the blade in two rows. The design provides a continuous blade and
is recommended for planning work with a horizontal blade (figure 4, a).

- with hexagonal knives fixed on the blade in two rows as medium and large «K»-shaped knives. The
design provides a continuous blade and is recommended for cutting soil at any inclination of the blade
(figure 4, b).

- with hexagonal, triangular and "K"-shaped knives arranged in a single row. The design provides a
continuous blade and is recommended for cutting soil at any inclination of the blade (figure 4, ¢).

The tests were carried out according to the developed methodology based on the use of a nomo-gram
of step-by-step testing of reusable knife blades, the construction of which is possible on the basis of a
reduced amount of experimental data.

Three designs of the cutting part of the dumps were investigated — with standard knives, with four-
sided knives, and with hexagonal knives arranged in two rows.

For these designs of the cutting part of the blade, two ways of replacing the worn blade were studied:
standard (parallel)-when the entire blade is replaced, and sequential - by replacing the blade sections
sequentially along the blade zones.

— 102 ——
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Figure 4 — Versions of the cutting part of the motor grader blade

As a result of comparative tests, data were obtained showing that hexagonal knives with sequential
changes provide an increase in productivity by 10 ... 15% compared to standard knives. The resource of
knives increases even more significantly. Figure 5 shows graphs of the dependence of the volume of the
developed soil on the given size of wear, obtained for the tested knife designs.
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1 - standard knives; 2 - four-sided knives in a parallel change; 3 - tetrahedral knives with sequential change;
4 - hexagonal knives for parallel change; 5 - hexagonal knives with sequential chang

Figure 5 — Graph of the dependence of the volume

It is seen that compared with the standard design of the cutting blade structure with tetrahedral and
hexagonal knives increase the soil production with the adopted parallel blade 2 and 3 times, and with the
proposed sequential change — 3 and 4.3 times accordingly.

It is established that the main influence on the engine power from the parameters of the working body
is the force of pressing the blade to the ground. The largest part of the rated power is spent on providing
this power. And the fact that the force of pressing the blade depends on the ground resistance to cutting
associated with the design and blunting of the re, proves the importance of studying the influence of the
design of knives and their wear patterns in order to improve the design of the cutting part of the blade and
develop optimal modes of their development.

Conclusion. The most significant and promising structures are identified. One of them - square
knives with four cutting blades, the alternation of which increases the life of the knives - is taken as the
base for improvement in the direction of increasing the number of cutting edges. Thus, it is established
that the new knife must have the shape of a polygonal plate with more than four edges.

Comparative tests of dumps with the cutting part of three designs — with standard knives, with four-
sided knives and with hexagonal knives arranged in two rows were carried out. The obtained results
showed the advantage of the cutting part with hexagonal knives, worked out according to the proposed
method of successive replacement of worn knives: its productivity is higher by 10...15%, the average
resource is 4 times higher than that of the standard cutting part. And in comparison with tetrahedral
knives, the resource is 1.5 times higher.
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KYMBIC JIEMEHTTEPIH XKETUIAIPY HET'I3IHJAE
ABTOI'PEMJIEPJIEP/IIH )KYMbBIC TUIMJILIITTH dKOFAPBLIATY

AHHOTanMs. 3epTTey aBTOrpeiaepIep i THIMAUIITIH OJapAbIH JKYMBIC PECYpChIH apTThIPY HETi3iHIe Kecy
3JIEMEHTTEPI MEH JKYMBIC OpPraHAapbIHBIH KOHCTPYKLUSIIAPBIH KETUIAIPY apKbUIbl apTTHIPY SAICTEPiH KapacThIpabl.

ABTOrperepiep iy KyMbIC OpraHIapbIHbIH MapaMeTpJIepiHiH OJapAblH JaMybIHBIH HETi3r1 TCHICHUIUIAPBIH
aHBIKTAy YIIIH CTATHCTHKAJIBIK 9J[ICTEPMEH 03apa TOyeJILIIrH 3epPTTey i KAMTHIBI.

[MaTeHTTIK MICNIMIEPIl Tanmay SJiCIMEH aBTOrpeHaepIepIiH KYMbIC OPraHaphiH KOHE HEFYPIIBIM MEpPCIeK-
TUBAJIBI KOHCTPYKIMSIAPABI K00aIay IbIH HEri3ri OaFrbITTaphl aHBIKTAIABL. [IBIIIAKTHIH K6JI0ey OYPBIIIbI MEH OHBIH
TO3YBIH €CKEPE OTBIPHII, OIp TY3Y JKOHE €Ki KeyIoey Kecy JKHeKTepi 0ap IMbIMAKICH KeCyre TOMBIPAKTHIH KapChLUIbI-
FBIH eckepy (opmyinanapsl kepceTiire. [IplIakThlH Kecy 3JIEMEHTTEpPiHIH TO3Y 3aHABUIBIKTapbl 3€PTTEN/l, OHBIH
KYMBIC THIMALIIr MEH )KYMbIC OpraHJapbIHbIH KYPBUIBIMABIK MapaMeTpiiepiHe acepi aHbIKTaIIbl. T03yIbIH MaKCH-
MaJI1bl MOJIIIEP] aHBIKTaJa bl.

AJBIHFaH HOTIDKEJIEp aITBIKBIPJIBI NbILAFel 0ap KaiblpMa KYPEKTiH KeJeciied apThIKUIBUIBIFBIH KOPCEeTTi:
OJIap/bIH OHIMIUIIIT CTaHIApTTHI MbIIaFbl Oap Kaiibipma kypektepaeH 10...15% >xorapbl, an pecypchl CTaHAApTThI
4 ece >KOFapbl )KOHE TOPTKBIPIIBI MbIIAFBI OapbiHaH 1,5 ece KoFapsbl.

Tyiiin ce3mep: aBTOorpeiaep, KECKIlll 3JIEMEHT, TO3Y, TOMbBIPaK, KallblpMa KypeK, KeCy, JKYMBICIIBI OpPraH.
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HOBBIIIEHUE Y®®EKTUBHOCTHU PABOTHI ABTOI'PEMJIEPOB
HA OCHOBE COBEPHIEHCTBOBAHUSA PABOYHNX 3JIEMEHTOB

AHHoTanus. B vccienoBaHul paccMaTpUBalOTCs METOBI OBBINICHHS 3()()EKTUBHOCTH aBTOTPEHICPOB MyTEM
COBEPILICHCTBOBAHUSA KOHCprKLIl/Iﬂ PEXKYIUX D3JIEMCHTOB U pa6oq1/1x OpraHoB Ha OCHOBC IIOBBIIICHHUA pECypCa UX
paboTHI.

Pabota comepxuT Hcclie0BaHUE B3aMMO3aBUCUMOCTH T1apaMeTPOB pabOYMX OpraHOB aBTOTPEHIEPOB CTaTUC-
TUYCCKUMU MCTOJaMHU C ILICJIbKHO BBISABIICHHUA OCHOBHBIX TeH[leHIJ,l/Iﬁ X pa3sBUTHUA. MeTO[lOM aHaJIu3a IIAaTCHTHbIX
peLICHUIT BBISBICHBI OCHOBHBIE HAIPaBJICHHUS MPOEKTUPOBaHHS pabO4YMX OpraHoB aBTOrpeiiiepoB M Haubosee
MEePCIEKTUBHBIX KOHCTPYKIMH. BriBeneHbl (hopMylibl AJisl yueTa CONPOTHUBIICHUSI TPYHTA PE3aHUIO HOXKOM C OJIHOM
OPSIMOM M [ByMsI HaKJIOHHBIMM PEXYLIMMHU KPOMKAMM C y4ETOM YIJIa HAaKJIOHA HOXa U ero usHoca. MccienoBaHsl
3aKOHOMEPHOCTH M3HOCA PEXYILIMX JJIEMEHTOB JIE3BHs, BBISBICHO €ro BiMsAHME Ha 3(PQEeKTUBHOCTH pabOThHl U Ha
napameTpbl KOHCTPYKLMH padounx opraHoB. Onpenensercss MaKCUMaJIbHbBIM pa3Mep U3HOCaA.

Ha ocHoBe mpoBeneHHBIX HCCIIEAOBaHUI OnpeaeneHbl TpeOoBaHUs K paboueMy 00OpYyIIOBaHHMIO aBTOTpeEii-
JIEpOB, pa3paboTaHbl HOBbIC KOHCTPYKIIMU HOXEW MHOTOKPATHOTO MCIIOJIh30BAHUS U TIOPSIOK MX MOCIICA0BATEILHON
3aMEHbl B COOTBETCTBHHU C Hay4YHO-HCCJIEOBATEIbCKOM paboToi. D10 obecneunBaer nopbimenne K1/l cranka Ha
10...15% u yBenuuuBaeT pecypc HOXKei M0 CpaBHEHUIO C TPAAUIIMOHHOM KOHCTpYKIMeEH B 3...4 pa3a.

KuaroueBble ci1oBa: aBTorpeizep, pexyIuii 3JIeMeHT, U3HOC, TPYHT, OTBaJl, pe3aHusi, pabouuii opraH.
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