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Abstract

This study aims to determine the dynamic reaction forces exerted by the soil against a wedge-
shaped soil-tilling implement. Specifically, it focuses on the reaction forces produced by a single-
sided wedge. The problem is addressed using theoretical mechanics based on the D’Alembert
principle approximation, leading to an expanded solution to existing analytical formulations. A
scheme illustrating the active and passive forces acting on the wedge is created by utilizing the
principle of release from constraints. Based on the fundamental law of dynamics, equations of
motion for the wedge-shaped working element are derived in projections along Cartesian coordinate
axes. Using these equations, the dynamic reaction forces for the wedge are determined. Analytical
expressions for the reaction force in this dynamic problem are developed under the condition that
the wedge is subjected to a constant force, with the wedge's motion following a periodic law. The
analysis incorporates an open system, applying Coulomb's formula for dry friction alongside a new
method that differs from d'Alembert's principle. Under d'Alembert's principle, the differential is
replaced with the object's inertial forces, reducing the differential equation to the ordinary
equilibrium equation of statics. In this paper, an alternative approach is used; instead of relying on a
differential equation, an ordinary equation is derived by differentiating the given law governing the
wedge's motion.

AHHOTaUA

Llesbt0 JTAHHOTO WMCC/IEAOBAHUS SIBJISIETCS OTPe/ie/ieHUe AMHAMUUYEeCKMX pPEeaKIMOHHBIX CHII,
BO3/IEMCTBYIOIIMX CO CTOPOHBLI IOUBBI Ha K/IWHOOOpa3Hoe TouBoOOpabathiBaroliliee opyzaue. B
YaCTHOCTH, UCCJIe/JOBaHME COCPEIOTOYEHO HA PeaKLIMOHHBIX CU/IAX, CO3/laBaéMbIX OJJHOCTOPOHHUM
KJIMHOM. 3ajjaya pellleHa MeTO/[aMU TeOPeTUUYeCKOW MeXaHWKHU Ha OCHOBe npuHiummna [I'Anambepa,
YTO TIPUBEJIO K PA3BUTHIO CYLIECTBYIOIIUX aHATUTUYECKUX (popMynupoBoK. CxeMa /1€HCTBYIOIINX
AKTUBHBIX Y TACCUBHBIX CUJT Ha K/IMH MOCTPOEHA C WCII0/Ib30BaHUEM TMPUHIUIA OCBOOOKIEHUST OT
csi3eii. Ha ocHoOBe (hyHJaMeHTa/bHOTO 3aKOHAa [JUHAMHUKHU BBIBEI€HbI YDABHEHWS [[BYKEHUS
KJIMHOOOpa3HOro pabouero 3jeMeHTa B MPOEKLMSX Ha OCH /IeKApTOBOM CHCTeMbl KoopauHat. C
TIOMOIIIBI0 3TUX YpaBHEHUH Ompe/ieNieHbl AWHAMUYECKUE DPeaKI[MOHHble CWIIbl K/IMHA. Pa3BUTHI
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aHA/INTUYEeCKHe BBbIDAKEHUSI /11 peaklLMOHHOW CWIbl B J[IaHHOM JWHAMMUYeCKOM 3ajaue IpuU
YCJIOBUM, UYTO K/IWH TOZBEPraeTcsl OCTOSHHOW CHWJle, a ero JBIDKeHHWe C/lefyeT IepruouiecKoMy
3aKOHY. AHajau3 BK/IIOYAeT OTKPBITYI0 CHUCTeMy C TpUMeHeHHeM ¢opmysbl KynoHa Ajis cyxoro
TPEHUsI Hapsily C HOBBIM METO/IOM, OT/IMYAroIuMcst oT npuHipmna [ Anambepa. IIpu npumeHeHUn
npuHiuna /I'Anambepa auddepeHan 3aMeHsIeTCsl CHIaMM WHEpPIMM O0BbeKTa, UTO CBOZAWT
muddepeHanbHOe ypaBHeHHe K OOBIUHOMY YPAaBHEHHMIO CTaTHUeCKOTO paBHOBecHsi. B maHHOM
paboTe UCTOMB3yeTCs a/bTePHAaTUBHBIN TIOX0/: BMECTO OTOphI Ha Av(depeHIMasbHOe ypaBHEHHe
TOyuYeHO OOBIYHOEe ypaBHeHHe TMOoCpeACcTBOM AvddepeHIMPOBaHUS  3a/JaHHOTO  3aKOHa,
YIIPaBJIAIOLEero ABMKeHUeM K/IMHa.

Keywords: wedge, dynamic problem, equilibrium equation, reaction forces.

KnaroueBble cjioBa: K/IMH, JUHAMHWYE€CKdda 3d[d4d, YpdBHEHHE€ PaBHOBECHA, PEAKLIMOHHBIE
CHJIBI.

1. Introduction

Determination of the reaction forces of constraints of composite wedge pairs is the foundation
for the study of the dynamic processes of many mechanisms used in mechanical engineering.
Agricultural machines are equipped with V-belts and wedge friction gears, wedge valves are used in
oil products transportation lines, freight car bogies are equipped with wedge spring-friction sets.
Wedge pairs are widely covered in the literature [1, 2].

Using the method of addition of forces between two infinitesimal sections of the rod, in
accordance with the d'Alembert principle, a differential equation of longitudinal vibrations of a
wedge pair was compiled [3]. The general and particular solutions of the differential equation of
longitudinal oscillations of a wedge pair are presented and their propagation under the action of a
constant force corresponding to the given initial and boundary conditions is studied.

A generalized model of a spring-friction set of a freight car bogie was created in [4]. Critically
discussing the lack of methods of classical mechanics in multiple publications, according to the
principle of the release of constraints, an equation for the equilibrium of friction wedges was
compiled and an analytical expression for the reaction of a friction wedge was obtained in [5].

This article addresses the dynamic problem of a wedge. The objective of the study is to
determine a general solution by applying d'Alembert's principle, as well as a particular solution for
a wedge-shaped working element under a periodic law of motion using a new method.

2. Research methods
The research methods are based on the classical methods of theoretical mechanics for
compiling the equations of dynamics according to the d'Alembert principle and the analytical
method for determining the reaction force of constraints.
3. Material

Let force p make an effort to move a homogeneous wedge (Fig. 1). It is necessary to
determine the dynamic reaction forces of constraints on the wedge.
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Figure 1. Wedge shape
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Figure 2. Acting forces
To do this, we use the d'Alembert principle. The equation of dynamics according to the
d'Alembert principle has the following form [6, 7, 8]
®"+F +R= 0,

where @" is the force of inertia, expressed as " = —;x, F® is the active force, expressed by
force p, R is the passive force, which consists of the forces of friction F,;, and the forces of normal
reaction N.

To determine the reaction force, we set a coordinate system and determine the projections of
all forces along the coordinate axes of this coordinate system (Fig. 2). Normal reaction forces N of
the working planes are directed perpendicular to these planes. Friction forces F;, of these surfaces
lie in the working planes. The force of inertia " is directed in the opposite direction of force p
direction.

Let us derive an equation for the projections of all wedge forces along the x -axis:

®" + P— fNycosa— Nysina— fN; =0. (1)
Let us derive an equation for the projections of all wedge forces along the y -axis:
N — Nycosa+ fN,sina =0. (2)
Then we determine Nj:
N1 = Ny(cosa — fsina). 3)

Taking into account relation Fj;, = fN for the friction force (where f is the coefficient of
friction), from the last equation we obtain:

P—fN, cosa—N; sina—fN, cosa+f> N, sina—mx= 0,
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Then we determine
mx — P = No(f? sina — 2f cos a — sin ). 4)

By integrating over time 7 in (4), we obtain an expression for the velocity:

. P N2 2 . .
xX=—t——t(f sina—2fcosa—sina)+ Cy. (5)
m m
Thus, the forces of normal reaction N; and N, of the working planes have the following
form:
mx — P
Ny = (6)

f2sina—2fcosa—sina’

(mx — P)(cosa — fsina)

Ny = (7)

frsina—2fcosa—sina’

By substituting the inertial forces of the wedge from equations (6) and (7) into equation (6),
we can calculate the dynamic reaction forces of a single-sided wedge, generated on the two working
surfaces of the wedge.

4. Results

Thus, the analytical expressions for the dynamic reaction forces of a single-sided wedge are
determined. Substituting the inertial forces of the wedge from (6) and (7) into (6), we can
determine.

In a particular case, if the law of motion of the wedge is given in the following form:

X = sin kt, (8)
then, differentiating this expression twice, we obtain:

% = —k? sin kt. 9)

Substituting (9) into (6) and from (6), (7) we obtain expressions for the dynamic normal
reaction forces

P + mk? sin kt)(cos « — £ sin «
N, = P Jcosa — /sin@) (10)
sina+2fcosa— f2sina

P + mk? sin kt
N, = — —. (11)
sina+2fcosa— f2sina

5. Conclusion

By applying d'Alembert's principle, an analytical solution to the dynamic problem of a one-
sided wedge is obtained.
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For a periodic law of wedge motion, the problem is solved using a new method that differs
from d'Alembert's principle. According to d'Alembert's principle, the differential is replaced by the
object’s inertial forces, which allows us to reduce the differential equations to the ordinary
equilibrium equations of statics. In this paper, by differentiating the law of motion of the wedge, we
obtain an ordinary equation from which we can derive expressions for the dynamic reaction forces
of a single-sided wedge acting on its two surfaces.
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