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DEVELOPMENT OF A PHYSICAL MODEL AND DETERMINATION
OF SIMILARITY COEFFICIENTS OF A SPATIALLY ORIENTED KNIFE
OF ABULLDOZER BLADE

This paper considers the creation of a physical model of an equipment for cutting soils with a spatially oriented
knife of a bulldozer blade for experimental studies. In order to study the process of interaction between the working
body and the working environment, it is necessary to conduct experimental studies, for which, as a rule, natural objects
of research or their models are used. Physical modelling preserves the physical nature of the phenomena, but changes
their scale. Using the similarity theory and physical modelling, the conditions of similarity of the equipment for cutting
soils with a spatially oriented knife of a bulldozer blade are determined, in which the interaction of the working body
and the working environment is described by a power equation taking into account their parameters. In this case,
the parameters of the natural process of interaction between the working body and the working environment are written
through the parameters of the physical model and similarity coefficients. As a result of dividing the corresponding terms
of the force equations of the natural equipment and the model by each other, a system of two equations was obtained
that links six unknown values of the similarity coefficients. The obtained values of the similarity coefficients made
it possible to build a physical model of the installation for cutting soil with a spatially oriented knife of a bulldozer
blade, which is similar to the natural installation for cutting soil with a spatially oriented knife of a bulldozer blade.
As a physical model of the equipment, taking into account the similarity coefficients and the envisaged research tasks,
the dynamometric stand for registering the force load of the author s design of KNUBA was modified to study the process
of cutting soils with a spatially oriented knife of a bulldozer blade, which allows for full-fledged experimental studies,
taking into account all the existing factors of interaction between the working medium and the working body during
cutting. It is proposed to use paraffin wax as a working environment and a steel model of a spatially oriented knife
as a working body.
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MOBYJI0OBA ®I3UYHOI MOJIEJII TA BUSHAYEHHS KOE®IIIEHTIB MOAIBHOCTI
HPOCTOPOBO OPIEHTOBAHOI'O HOXKA BIABAJIY BYJIBJO3EPA

YV oaniv pobomi poszenanymo cmeopenns @Gizuunoi moodeni yCmano8Ku O PI3AHHS TPYHMIE NPOCMOPOBO
OPIEHMOBAHUM HOJCEM 8I08aTY O)Y1b003epa, OJisl NPOBEOeHHs eKCNEPUMEHMANbHUX O0CTIOHNCEeHb. 3 MemOor 00CAI0HCEeHH s
npoyecy 83aemooii pobouo2o opeany 3 pobouUM cepedosuilem BUHUKAE HeoOXIOHICMb NPOBeOeH s eKCNePUMEHMATbHUX
00CHI0MHCeHDb, OIS SKUX, SIK NPABULO, BUKOPUCIOBYIOMbCS HAMYPHI 00 'ekmu docaiodcenns abo ix mooeni. [lpu ¢izuunomy
Mooenosanni 30epieacmvcs Qisuuna npupooa Auw, aie 3MiHIoeEmMbes ix macwmab. Bukopucmosylouu meopemy
nodibHocmi ma Qisuune MOOen08aAHHs, GUSHAYEHO YMOGU NOOIOHOCMI YCMAHOGKU OJI PI3AHHS IPYHMIE NPOCMOPO8O
OPIEHMOBAHUM HOdMCeM BI08aALy OY1b003epd, 8 SKIU 83AEMO0is pOOOUO2O Op2aHy Ma pobOYO2O CepedoUd ONUCYEMBCS
CUNOBUM DIGHAHHAM 13 6paxyeaumusm ix napamempis. IIpu yvbomy napamempu HAmMyparbHO2O Npoyecy 63aeMooil
P060Uu020 opeany ma pobouozo cepedosunsa 3anuUcano yepes napamempu Qizuyrnoi mooeni ma xoegiyicnmu nooioHocmi.
B pesynomami Oinenns 6ionogionux 000anKi6 CUuiO8UX PiGHAHb HAMYPHOL YCMAHOBKU MA MOOeNT Midic cOD0I0 OMPUMAHO
cucmemy 3 080X PIGHAHb, KA 36 S13Y€ MIJNC COO0K WCMb HeGIOOMUX GelUdUH Koeiyienmie nodionocmi. Ompumani
3HAUeHHs Koeiyienmie nOOIOHOCMI Oanu MONCIUGICMb NOOYOY8amMuU PI3UYHY MOOelb YCMAHOBKU Ol PI3AHHS IDYHMIG
npoOCMOpoBO OPIEHMOBAHUM HONCEM BI08ALy Oy1b003epd, w0 NOoOIOHA HAMYPHIU YCMAHOBYI O/ PI3AHHA IPYHMIE
nPOCMOpo8o OPIEHMOBAHUM HOJNCeM 6108any 0YIboo3epd. B saxocmi ¢hisuunoi modeni ycmanosku 3 6paxy8aHHAM
Koe@iyienmie noodibHocmi ma nepedbaueHux 3a0au 00CAiOHceHb 0Y10 000NPAYbOBAHO OUHAMOMEMPUUHUL CIMEHO
peecmpayii cunosoeo nasanmagicenms asmopcokoi konempykyii KHYBA ons docnidocenns npoyecy pizants IPyHMie
nPoOCmMoposo OPIEHMOBAHUM HOdMCeM 6I08aTy 0y1b003epa, o 00380A€ NPOGeCMU NOSHOYINHI eKCnepUMeHmalbHi
00CHIONCEHHS 3 8PAXYBAHHIM BCIX YUHHUX PAKMOPIE 63A€MOOIL pobou020 cepedosuuia ma pobouo2o opeany nio yac
pizanna. B axocmi po6ouoco cepedosuya 3anponoHO8AHO BUKOPUCTIAHHS NAPApiH, a 6 SAKOCmI poboH020 OpeaHy —
CMAnbHY MOOeIb NPOCMOPOBO OPIEHMOBAHO20 HONCA.

Knrouoei cnosa: ycmanoska, izuuna mooens, pisamhsa, pobouuii opeat, cepedosuuje, MoOeNt08aHHs, Koepiyichmu
nooioHocmi.

Formulation of the problem

For experimental research, as a rule, full-scale research objects and their models are used [1]. In a full-scale experiment,
the means of experimental research interact directly with the object of research, and in a model experiment — with its
modelled prototype.

When conducting model experimental research, the model acts as a means of experimental research and a direct object
of research [2—4].

Analysis of general research and publications

Nowadays, the creation of a real working body for experimental research would require a significant amount of time
and money. Given this, the task is to create a physical model of this working body and conduct full-fledged experimental
studies on it.

As the criteria of similarity for the construction of a physical model (Fig. 1), dimensionless complexes are used, which
are the ratio of the corresponding components of the differential equations of the real object and the model.

The methodology for modelling the working processes of soil destruction is based on the theory of similarity.

The conditions for physical modelling of the working process of soil destruction stipulate that: the defining criteria for
the similarity of the soil destruction process for the model and the original should be the same; the physical parameters
of the system of differential equations describing the working process compiled for the model and the original should be
proportional; the process of interaction of the working tool with the environment in the model and the original should
belong to the same class of phenomena and be described by the same system of differential equations; the model and the
original of the working tool and the system.

The working hypothesis is based on the fact that the combination of the positive effects of reducing the energy
intensity of destruction by a spatially oriented knife cutting will allow for an overall reduction in the energy intensity
of soil destruction by a blade. in our opinion, this should ensure the cutting of the soil and its easy removal from the
development zone. Thus, reducing the resistance that occurs during the operation of the bulldozer and increasing its
productivity, as well as expanding the scope of use.
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Fig. 1. Interaction of the bulldozer blade with the working environment during a) rectangular cutting,
b) oblique cutting (spatially oriented)

After applying the vector of the direction of the cutting force with a spatially oriented knife and determining the plan
of movement, it becomes clear that there will be a change in the geometric interaction of the spatially oriented knife
with the workpiece, which leads to a change in cutting forces and a change in resistances that depend on the geometric
parameters of the knife [5, 6].

Cutting force:

P:Pf+P.Y+Px.c- (1)
Full cutting force for rectangular cutting:
P =o@mbh + 2mh* + 2m; h. 2)

The interaction between the spatially oriented knife and the working environment is described by the equation:
P= (p(5)¢/m/bh + d)xmshz + ¢s.cms.ch~ (3)

Where b, h — knife width and cutting depth (thickness); m,— strength coefficient characterising the specific resistances
in the frontal part of the cut; m, — strength coefficient characterising the specific resistances in the lateral extensions;
my. — strength coefficient characterising the specific resistances along the lateral cut lines; ¢ (8) — coefficient that takes
into account the effect of the cutting angle o (at & =45° ¢ = 1); ¢,— is a coefficient that takes into account the effect of the
angle v,, of the knife’s rotation in the plan view, respectively, of the force Py, @, —is a coefficient that takes into account the
effect of the angle v,, of the knife’s rotation in the plan view, respectively, of the force Py; ¢,. — is a coefficient that takes
into account the effect of the angle y,, of the knife’s rotation in the plan view, respectively, of the force P;..
Formation of the research aim

The aim of this study is to determine the similarity coefficients for building a physical model of a spatially oriented

knife of the bulldozer blade.
Presentation of the main research material

To comply with the conditions of similarity of the processes occurring in the interaction with the environment of the
physical model of the original working body, it is necessary to observe the equality of geometric and dynamic similarity
criteria. Let’s write the parameters of the natural process through the parameters of the physical model and similarity
coefficients

Py=vp-Py, My =V Mpey, Moy =V Mgy Moy =V, Mgy by=v,-by, hy=v,-h,, 4

m\‘ s.c. m.? .c.

Where Py, myy, My, M.y, by, hy— parameters of the natural model; Py, 1y, 100, My.cn1, by, By — parameters of the physical
model, vp, V,, vV, , V, , Vs Vv, —relevant similarity coefficients.
Then we can write equations similar to equation (3) for the natural process and its model, which have the form:

s
mg

PN = (P(S)(pf mf.NbNhN + (psms.NhI%I + (Ps.c'm&c,NhN; (5)
PM = (P(S)(P f m‘f'M thM + q)smsM h/\2/f + (I)s.cms.cM hM : (6)

Based on the similarity of the model and the natural process, we divide the corresponding terms of equations (5) and
(6) among themselves and write the following relations:

i: q)(s)q)fmbeNhN — (Psms.Nhfl — (psAcms.aNhN

: (7
PM (P(S)(Pf mf.MbM hM (Psms,M hAZ/I (Ps.cms,c,M hM
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Using dependencies (4) for these ratios, we obtain:
VP PM _ (P(S)(vam .m_f',M 'Vb 'bM .Vh .hM _ (PS 'Vms .mS.M .Vj h}%/[ _ (ps.c .vmw 'ms.c.M .Vh hM
B, (3)- ¢,m, by - hy @, -mg 'hAZ/I “hy, '

(p.V.C : mS.C.
According to the similarity theorem, we reduce the expression (8), which results in the following relationship between
the similarity coefficients:

®)

M

Vp =V, VoV, =V, V=V, -V, )

Dividing all parts of equation (9) by, we obtain the system of equations:

mS.(‘

V] VoV, -V A% 'Vh A% 'Vh

P . b h . ms . Ms.c .

—:1’ m :1, :1’ :1’ (10)
Vp Vp Vp Vp

that connect the six unknown quantities. All values are taken constructively, knowing the physical properties of the soil
(Table 1) and the model.

Table 1
Physical and mechanical properties of soils
Dimensional characteristics
Soil my, MPa m,, MPa mq., KN/m n of the destruction zone
ks Y
Marl clay 0,3 0,021 0,4 14° 0,8 30°
Heavy loam 0,15 0,013 1,42 18° 0,85 40°
Argillite 0,25 0,024 5,47 16° 0,9 30°
Paraffin 0,76 0,022 16,25 14° 0,8 36°
Conclusions

On the basis of the theory of similarity, the similarity coefficients were determined and listed in (Table 2), which were
used to calculate the geometric and kinematic parameters of laboratory experiments. This made it possible to design and
manufacture laboratory equipment: a stand and a spatially oriented experimental knife.

Table 2
Research equipment parameters
Categories of soil
3 4 5
m
v, =—% 0,223 0,556 1,067
Mgy
v, =Ty 0.201 0.5 1,168
» ms.M
m
V. =— 0,23 0,569 1,086
B m:.c.M
A%
v, =3 0,37 0,512 0,82
Vm.:
Vm.f "V,
vV, = 0,45 0,504 0,77
A%
V4
V, =V, Y, 0,22 0,544 1,098

In accordance with the obtained similarity coefficients, a model of a spatially oriented knife [9] was created and
adapted Fig. 2, and the test bench was improved Fig. 3. To conduct the study, we will use a bench for recording cutting
forces [7], which is taken as a prototype and consists of a frame 1, on which a trolley 3 is mounted on guide beams using
rollers 2, to which a holder 6 is attached through strain gauges 4 and 5, in which a transmission screw-nut 8 is fixed
through the eyelets, the movement of the spatially orientated knife 9 is carried out by an electric motor 10 through a worm
gear 7, in turn, the electric motor is controlled by a frequency converter 11. The trolley 3 is equipped with a lifting and
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b

Fig. 3. Schematic of a test bench with a spatially orientated knife

lowering mechanism 12 with a handle 13. The possibility of horizontal movement of the trolley 3 is realised by means of
a screw-nut gear 14—15, a V-belt gear 16 and an electric motor 17 connected through a frequency converter 18. The bunker
with the test material 20 is fixed on the installation base 19 [8].
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