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Abstract. The purpose of the work is to determine parameters of the working body and its operation modes, in which the
most effective removal of snow and ice formations from the road surfaces is achieved, with the obligatory observance
of the integrity and safety of the pavement and sidewalk surfaces. The article represents the developed design of the
mounted shock-rotary working equipment for the destruction of snow-ice formations. Methods for calculating the
design parameters of special working bodies of shear and impact action have been developed. The developed model
of ice breaking allows increasing the efficiency of the icebreaking machine at the design stage in order to increase
its efficiency by regulating and selecting its rational mechanical and geometric characteristics according to the given
values of the cam penetration depth, strength, and ice thickness. An analysis of the experimental studies confirmed
the adequacy of the model of cleaning the road surface. The relevance of the research and the expected social effect
is justified by the possibility of reducing the number of accidents and winter injuries on the roads of the Republic of
Kazakhstan.

The study is funded by the Science Committee of the Ministry of Education and Science of the Republic of Kazakhstan
(grant No. AP09258973 «New technology for the production of innovative ice-cleaning road equipment»).
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Introduction

An urgent problem for public utilities and road
maintenance services within the winter months is that
the cleaning and ice removal occurring on the bearing
surface of highways, and sidewalks, significantly
complicates the movement of pedestrians and driving
a car, and sometimes makes them impossible [1].

Snow-ice formations (SIF) accumulating on
highways and pedestrian sidewalks, consistent with
their physical properties and external behavior, are
often divided into unconsolidated, incoherent snow
(loose), compressed, rolled snow, and transparent
glassy ice [2]. With loose snow, the coefficient of
adhesion of tires with a snow-covered surface
decreases to 0.2, with rolled snow, the coefficient of
adhesion of tires to the surface is 0.01...0.25, with the
formation of glassy ice, the coefficient of adhesion
of tires becomes 0.08..0.15. For comparison, the
adhesion coefficient of dry asphalt is 0.7...0.8 [3].

To prevent slipperiness on roads and sidewalks
in winter, a mechanical method is often used to

EIW remove ice from their surface [1-3]. An effective

method of mechanical destruction of ice is impact.
The authors in the course of the work on the project
AP09258973 «New technology for the production of
innovative ice-cleaning road equipment» under the
grant of the Committee of Science of the Ministry of
Education and Science of the Republic of Kazakhstan
are developing working bodies of shock-destructive
action with rectangular strikers for breaking ice on
roads and sidewalks.

Experimental studies

Experimental work included carrying out
experimental studies of the working body efficiency
of the percussion action of the pilot-industrial model
of the ice breaker.

The aim of the research is to determine the pa-
rameters of the working body and operation modes,
in which the most effective removal of snow and
ice formations from the road surfaces is achieved,
with the obligatory observance of the integrity and
safety of the pavement and sidewalk surfaces, as
well as experimental verification and refinement



of mathematical models for the formation of loads
on working body of the ice-removing machine and
interaction with ice and compacted snow of the
strikers of the percussion action working body.

Experimental studies are carried outin accordance
with the program and methods that establish
the procedure for conducting tests to determine
the parameters of the working body interaction
of the ice-removing machine with ice and snow
formations, determine the method for measuring the
deformations of ice and the working body, stresses,
and displacements.

After the manufacture of a pilot industrial sample
(Figure 1), devices for loading and testing, and
installation of measuring equipment, the experiment
has been performed. It comes down to various
loadings, measurements, and instrument readings.

Analysis of the results gives an idea of the stress-
strain state of the investigated rotary working body
and the SIF.

Experimental studies determined the required
value of the ice destruction force (Figure 2) generated
by the working body of the percussion action for the
various production technologies for the ice removal
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since it seems problematic to measure the magnitude
of the load on a single element of the working body.

At the same time, the properties of ice and its
thickness have been determined.

During the interaction of the working body
with ice, the horizontal and vertical stress response
on the working body, as well as the magnitude of
the deformation of the ice cover, are measured. The
elements of the working body in various cases are
loaded using a screw mechanism. The vertical force
is imitated by hanging loads of a certain mass on the
working body. The loading of the working body with
a torque, if necessary, could be carried out using a
hand hoist (through a cable stretched along the upper
edges of the strikers and moored behind one of them).
The load values are measured using an exemplary
compression dynamometer and pressure gauge.

The thickness of the ice is determined using a
caliper. Before testing, the total thickness of the ice
cover is measured. The tests are carried out in various
meteorological conditions on the surfaces of icy
roads and sidewalks of the city. The developed ice
cover is of natural origin with different structures. A
comparative assessment of the actual and calculated

Figure 1 — General view of the small-sized self-propelled unit (SPU) with the percussion working body
for the destruction of the SIF

Figure 2 — The surface of the road section with the SIF after the passage of the SPU local control system
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values of the impact forces acting in laboratory
studies on the elements of the working bodies of the
ice-breaking machine and on the developed ice base
is carried out based on the processing the data of the
signal taken from the strain gauges installed on the
working body.

The test program included the following types of
work:

a) Preparation of equipment for testing.

b) Carrying out preparatory work at the test site.

¢) Carrying out the registration of the operating
parameters of the processes under study:.

To determine the parameters of the interaction
of snow-ice formations on roads and urban areas
with the working body of the impact action of the
ice-breaking machine, earlier the authors obtained
calculated dependencies to determine such parame-
ters as the size of the working bodies and the modes
of technology for cleaning ice formations.

When constructing a mathematical model of the
interaction of snow-ice formations with the impactor,
the following assumptions were made:

- the surface of snow-ice formations is a flat
horizontal surface;

- physical and mechanical properties of snow-ice
formations are constant throughout the entire lane
of the ice-breaking machine, the temperature of the
ice formation is assumed to be equal to the ambient
temperature, the change in temperature along the ice
thickness is considered absent due to the relatively
small ice thickness;

- properties of ice, such as strength, hardness,
and others associated with temperature changes, are
also considered constant;

- the movement of the ice-breaking machine is
rectilinear, and the rotation of the working body is
uniform.

The rotating striker initially crashes into the
developed environment with some force F. The
expression for the force is obtained in the form:

2 .m?
F = () ()" 22 g cos, N, (1)

where m, — striker weight, kg; v. — peripheral speed
of the striker, m/s; R -radius of the rotor from the
rotation axis to the hammer (strike) gravity center,
m; ¢g=9,8 m/s* — acceleration of gravity; ¢ — the angle
between the striker gravity G, and centrifugal force
G.

The ice that forms on the road surface is not
uniform in composition and structure. In addition,
the shape of the striker itself will also affect the force
of impact. The expression for determining the impact
force of the striker will look like:

Pud = [{l 'KZ 'P]‘Zc mmam N7 (2)

where K, = 7P - correction factor that takes into

account the physical and mechanical properties of

| 32 Bt upon impact (where P, — reference impact force);
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type of striker edge impact (where b, — impact edge
length, m; k — ice thickness (SIF), m); Ly, — minimum
distance from the impact edge of the striker to its
center of gravity, m; o — compressive strength of the
developed medium, MPa.

The total force of the ice cutting by the working
body striker of the shock-rotational action can be
determined from the following expression:

— coefficient taking into account the

C 7 b
Po=7 5 P-W" 55— (1+k-t) X
tgB K ( ) (3)
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where P, — reference impact force, N; k — coefficient
that takes into account the change in the strength
properties of ice depending on temperature; £=0.04
N/deg; & — coefficient taking into account the change
in the strength properties of ice at different speeds
v. load application, N/(m/s); B — ice-breaking angle,
deg; 1 — Poisson ratio; for ice £=0.36; b, — the cutting
edge width of the striker; #, — the height of the cut
layer, m; t — the ambient temperature, deg.
Development speed value v, (m/s):

v.=yvit(w-R)’+2-v,-w-R-cosp, m/s. 4)

The mass of the striker can be determined from
the following ratio:

_2mhip
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The total power of the machine for the destruction
of the snow-ice formations can be determined as the
sum of the powers for the destruction of the SIF itself
and for the creation of tractive effort or as the sum
product of the torque and the angular velocity of
working body rotation of the impact action and the
product of the machine speed by the value traction
force.

N =M, -w+v, P, W, (6)

where M,, — torque, @ — angular speed of hammer
(striker) rotation, s, v, — speed of car movement
(m/s), P,, — tractive effort.

The experiments are carried out on a full-
scale pilot-industrial sample of the working body.
Experimental studies consisted of three stages:

1) study of the characteristics of ice as a developed
medium;

2) verification of the ice development model with
a single striker;

3) verification of the mathematical model of the
entire working body as a whole.

The analysis of the received information and the
conducted experiments revealed five factors that
form the force of resistance to the development of ice.
To determine the numerical values of the interaction
parameters of the percussion working body with



ice, the methods and techniques of the experiment
planning theory are partially used. The magnitude
of the ice development force created on the working
body is taken as a response. The results of the research
are summarized independences (graphs) and shown
in Figures 3-6.

Figures 3-5 show graphs of the theoretical and
experimental dependences of the ice chipping
process, which have an acceptable, within the normal
range, deviation from each other.

Checking the reliability of the experimental data
by the Cochran criterion and the adequacy of the
mathematical model by the Fisher criterion showed
the reliability of the results for both criteria. The
standard deviation ranged from 12 to 28%, depending
on the studied parameters (Figure 6).

An important parameter describing the process
of removing ice from road surfaces is the energy
consumption during this process. Working torque
and feed change from minimum to maximum
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values with a full rotation of the working body. An
approximate definition of impact power shows
(Figure 7) that when ice is removed from the territory
by a special impact working body, 6% of the machine
power is spent on removal, and 94% of its power is
spent on crushing ice, that is, the power to move the
machine with the working element also depends on
ice crushing parameters.

Conclusions

An analysis of the data from experimental studies
confirmed the adequacy of the model of cleaning the
road surface proposed above, in which the strikers
break the ice surface of roads with a blow, but bounce
off the asphalt concrete surface, leaving its top layer
intact.

Based on the mechanical and mathematical
models, methods have been developed for calculating
the design parameters of special working bodies of
shearing and impact action, designed to remove ice
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Figure 3 — Change in the force of ice development depending on the mass of the striker
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Figure 4 — Change in the force of ice development depending on the development speed E
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Figure 5 — Change in the dynamic force of ice destruction depending on the thickness of the ice
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Figure 6 — Comparison of the theoretical and experimental studies

and snow-ice formations from road surfaces and
sidewalks.

The obtained mechanical-mathematical models
of the interaction of the working bodies of ice-
breaking machines with destructible SIF and the

E3 corresponding calculation methods will be used in

the future in the modernization of existing samples of
ice-removing machines, as well as in the development
of new promising design solutions.

An effective way to remove ice from roads and
sidewalks is its mechanical destruction by impact
with a hard cubical surface.
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Figure 7 — Dependence of the impact power on the ice thickness and the impactors mass
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Mondap men mpamyapaapdsi Kap meH My3 my3inimoepiHeH masapmy MaKcamoiHOa KOAOAHbIAAMbIH HIHE HON
HabObIKMapbIHbIK MuimdinieiH sKkcnepumeHmmik 3epmmey
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*aemop-koppecrnoHOeHm.

AHOamna. *KymbIcmblH MAKCamel — #0s MOeCceMiHiH XaHe mpomyapOsiH 6emiH, onapObiH mymacmelfsl MeH Ka-
yincizdieiH mMiHOemmi mypde cakmadli omeblpbIr, HYMbIC OP2AHbIHbIH NAPAMempepiH HIHe OHbIH HYMbIC pexxumoepiH
aHbIKMay, 0HOA %01 mecemoepiHeH Kap-my30bl my3inimoepdi (KMT) muimai xcotora Kon wemkizinedi. Makanaoa Kap
MeH My3 KabammapbiH HOFa APHAMAFAH MOMCAsbl COKKbIAbI-AUHAAMAsbI HYMbIC HabObIFbIHbIH 33ipaeHaeH #obacsi
YCbIHbIAFAH. blFbicy #aHe acep emy apekemiHiH apHalibl #YMbIC 0p2aHOAPbIHbIK #0b6as1bIK napamempaepiH ecenmey
adicmepi azipneHdi. My30bl Kemipyze apHaAFaH #ab0bIKMblH 33ipaeH2eH modesi ¥obasay KeseHiHoe de OHbIH YMbiM-
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O0bl MEeXaHUKQAbIK HIHE 2e0MempUA/bIK CUNammamanapslH pemmey xaHe maHoay apKbiasl KMT x#orofa apHanFaH
KOHOWbIPFbIHbIH MUiMOinieiH apmmbipyra MyMKIHOIK bepedi. IKkcriepumeHmmik 3epmmeynepdin mandaysl mpomyaposl
masanay yneiciHiK calikecmieiH pacmadei.

3epmmeyoi KazakcmaH Pecnybaukacel binim #aHe FolabiM MUHUCMpPsieiHiH folaeim kKomumemi (epaHm Ne AP09258973
«MIHHOBAUUAMBIK MY3 Ma3aaalimelH #0a #ab60bIKmapsiH 6HOIPYOiH #AHA MEXHOI02UACHI») KAPHblAAHObIPAObI.

Kinm ce30dep: Kap, my3, Kap #aHe My3 my3inimoepi, COKKbIbl MY3 HbIPMKbIW, HYMbIC Op2aHbl, muimoinizi, #os, #a-
6blH, yn2i, Kayincizoik.

JKcnepumeHmansHbie uccaedoeaHus shgpekmueHocmu pabomeol 060pydoeaHus 011 60pb6bl €O CHEMCHO-
nedaHbIMU 06pa308aHUAMU HO 00PO2aAX U Mpomyapax
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2YHusepcumem «Mupac», Kazaxcmat, LeimkeHm, yn. Canak 0amka, 2,

*aemop-koppecrnoHOeHm.

AHHOmayus. Llens pabomel — onpedesneHue napamempos paboye2o op2aHa U pexcumos e2o pabomel, npu KOMopbIxX
docmueaemcs Haubosnee aghgpekmusHoe yoaneHue CHeXHo-nedsaHbix 0bpazosaHuli (C/10) ¢ dopoxcHbix nokpeimul, ¢
0b6s3amesnbHbIM cobar0OdeHUeM yesoCcmHOCMU U COXPaHHOCMU 108epXHOCMU OOPOHHO20 MOKPbIMUA U mpomyapa. B
cmamee npedcmassneHa pa3pabomaHHaA KOHCMPYKUUA HA8ecHo20 yOapHo-spaujamensHo2o paboye2o obopydosa-
HUA 0418 pa3pyweHuUs CHeXHO-n1e0faHbIx 0bpasosaHull. PazpabomaHbl MemoOsbl pacyema KOHCMPYKMUBHbIX napame-
mpos crneyuanbHeIx pabo4ux op2aHos c08U208020 U yoapHoz2o delicmeuAa. PazpabomaHHaa modesb 1e0oybopovHo20
0bopy0osaHuUs Mo3eosaaem ewe HA cmaduu NMPOeKmMuUpPOB8aHUSA Mo8bICUMb 3¢hheKmuUBHOCMb YCMAHOB8KU 044 yoase-
HuAa C/10 3a cuem peaynuposaHus u No0bopa ee payuUOHANbHBIX MEXAHUYECKUX U 2e0MEemMpPUYECKUX XapaKmepucmuk.
AHGU3 3KCepuMeHmMasbHbIX UccnedosaHuli noomeepous a0eK8amHOCMos MoOesU 04YUCMKU OOPOHHO20 MOKPbIMUA.
AKMyanbHOCMb Uccnedo8aHUA U oxudaemsbll coyuanbHell aghpekm 060CHOB8bIBAKOMCA BO3MOHHOCMbIO CHUMXEHUSA
Konuvecmesa asapuli u mpasm Ha dopozax Pecnybauku Kazaxcmax 8 3umHuli nepuoo.

UccnedosaHue puHaHcupyemcsa Komumemom Hayku MuHucmepcmea obpasosaHusa u HayKu Pecnybauxku KazaxcmaH
(epaHm Ne AP09258973 «Hoeasa mexHoa02us npou3eoocmsa UHHOBAYUOHHO20 1ed0ybopouyH020 O0POHCHO20 060pY-
dosaHuA»).

Knroueevlie cnoea: cHez, ned, cHexHo-nedsAaHble 0bpazoeaHus, yoapHsil nedooyucmumens, paboyuli opeaH, sgppex-
mueHocms, 0opoza, mpomyap, Mmodess, be3onacHocme.
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