OO®8 ;1 aterials

:.. proceedings

Proceeding Paper

Structural Analysis and Study of Self-Adjusting Mechanisms

Konstantin Ivanov

W) Check for updates

Academic Editors: Jongwan Hu,

Dongkeon Kim and Mosbeh Kaloop

Published: 22 July 2026

Copyright: © 2026 by the author.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license.

T

Joldasbekov Institute of Mechanics and Engineering, Almaty 050000, Kazakhstan; ivanovgreek@mail.ru;

Tel.: +038-3582483052

* Presented at the 2026 12th International Conference on Advanced Engineering and Technology, Incheon,
Republic of Korea, 2022 March 2026.

Abstract

The self-adjusting mechanism, as the study shows, independently (without a control sys-
tem) adapts to changes in the working process, which significantly expands the possibilities
of its use in automatic machines. The main idea of creating a self-adjusting mechanism
is to use a structural chain instead of a kinematic chain. A structural chain is a system
of links connected by kinematic and force pairs. Previous studies have shown that the
new mechanism can self-adjust (or independently adapt to a variable external load) and
is a self-regulating mechanism. The proposed article is a structural analysis and study of
self-adjusting mechanisms.

Keywords: definability of motion; structural chain; force connection (constraint); structural
pair; self-adjusting mechanism; force adaptation

1. Introduction Materials and Methods

Almost all the mechanisms used in engineering are built based on a kinematic chain
with one degree of freedom—they are single-moving mechanisms. They are based on a
kinematic chain with one degree of freedom with one input. A single-moving mechanism
has the definability of movement—a one-to-one correspondence of input and output
kinematic (or force) parameters. The capabilities of the mechanism will be significantly
expanded if it has not only kinematic pairs but also force pairs. A force pair is first described
in the article [1] as a structural element that provides the definability of motion of a two-
movable kinematic chain with a single input. A force pair is created in a rotational kinematic
pair (in a joint) by a tensioning screw that causes the friction moment of the interacting
surfaces. The friction moment prevents the relative rotation of the links and creates a force
coupling, My = Nfd. Here f is the coefficient of friction, and d is the diameter of the axle of
the joint. In a similar way, a force pair can be created by a tensioning screw as a friction
force, Fy = Nf, in a translational kinematic pair.

System of links, connected by kinematic and force pairs, form a structural chain. A
definable two-movable structural chain with a single input will undoubtedly have funda-
mentally new properties. A definable two-movable structural chain with one input, con-
taining additional force coupling (constraint), is the basis for the creation of self-adjusting
mechanisms with new properties. An adaptive self-adjusting gear variator has been de-
veloped and patented [2], which independently changes the gear ratio under the action of
a variable external load. A prototype of the gear variator was tested on a test bench and
published in the MDPI journal Machines [3].

Many inventors have tried to use a two-moving kinematic chain to create a continu-
ously variable transmission (CVT) [4-6]. However, these attempts were unsuccessful due
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to the lack of definability of motion. The practical use of a kinematic system with two
degrees of freedom with one input is hindered by the following statement of mechanics
and theory of mechanisms and machines [7,8]: the number of inputs of the system must be
equal to the number of degrees of freedom.

A self-adjusting mechanism is a fundamentally new mechanism in the theory of
machines and mechanisms, which is the scientific basis for the creation of new mechanisms.
The fundamental course of the theory of machines and mechanisms [7] (p. 12) says,
“The development of the theory of automatic machines is mainly associated with the
improvement of methods for constructing a scheme of the control system of executive
bodies. Of particular value is the creation of methods for building self-adjusting control
schemes, in which the control program automatically adjusts as the workflow changes.”

The self-adjusting mechanism, as the study shows, independently (without a con-
trol system) adapts to changes in the working process, which significantly expands the
possibilities of its use in automatic machines.

The task of the proposed research is to develop the main provisions of the structural
analysis of the chain of a self-adjusting mechanism, to deeply analyze the interaction of
force and kinematic parameters of the structural chain with one input based on a creative
approach, as well as to determine the new capabilities of such a system.

2. Description of the Main Structural Elements

The article presents new structural elements.

A structural pair is a mobile connection of two contacting links, which allows their
relative movement with the overcoming of force resistance.

The most common are single-mobility structural pairs: translational and rotational.

A translational structural pair (Figure 1) with links 1 and 2 is created by adding force
resistance (e.g., frictional force Fy) to the linear kinematic pair, which prevents relative
translation motion. The resistance is created by a tension screw 3, which causes a normal
reaction N and, in the presence of friction, a frictional force

Fy=Nf. 1
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Figure 1. Translational structural pair.

A translational structural pair allows for relative translational motion of links 1 and 2
(1 degree of freedom) and simultaneously imposes one coupling condition.

A rotational structural pair or force joint (Figure 2) is created by adding a rotational
force resistance (e.g., frictional moment Mj) to the joint links 1 and 2 to prevent relative
rotation. The resistance is created by a tension screw 3 that causes a normal reaction N in
the joint and, in the presence of friction, a frictional moment

My = Nfd. )
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Figure 2. Rotational structural pair.

Here d is the diameter of the trunnion.

A rotational structural pair allows for relative rotational motion of links 1 and 2
(1 degree of freedom) and simultaneously imposes one force constraint (coupling condition).

The introduction of new structural elements into structural analysis allows us to
introduce some new definitions.

A structural chain is a system of links connected by kinematic and force pairs.

A mechanism is a structural chain with one fixed link, in which, with a given move-
ment of one or more links, the rest of the links perform certain movements, which may
depend on the forces of resistance.

It should be noted that resistance to the relative motion of the structural pair links
can also be created in other possible ways: hydraulic (using hydraulic cataracts), magnetic
(using the magnetic material niobium), electromagnetic (using electromagnetic interaction),
and other methods.

3. Description of the Mechanism with Structural Pairs

The basis of a mechanism with structural pairs is a structural chain.

A plane kinematic chain with two degrees of freedom can be transformed into a
structural chain with one degree of freedom by converting one of the simplest kinematic
pairs into a structural pair.

Figure 3 shows a structural self-adjusting mechanism. The mechanism contains a rack
0, an input link 1, an intermediate link 2, and an output link 3. The links are connected by
kinematic pairs A, B, C, D. The rotary kinematic pair at point C is converted into a structural
pair by means of a tension screw 4, which produces a normal reaction N and a frictional
moment of resistance Mgp—force connection (force constraint). The frictional moment M3,
replaces the moment of the unaccounted reaction N = Fz; = R — F. In the instantaneous
velocity center p value of the moment, Mgs; = Frzp y = (R — F)y. The addition of a one force
constraint turns the mechanism’s two-movable kinematic chain into a structural chain with
one degree of freedom. Such a chain, in the presence of one input, has the definability of
motion and fundamentally new properties.

Let us consider the interaction of kinematic and force parameters of the simplest
structural mechanism.

Let us designate—desaxial BC = e.

Vii=1, 3 are the input and output linear velocities.

PC = yis a variable parameter for the location of the instantaneous center of velocities,
determined from the condition or PC/PB = V3/Vyory/(y +e) = V3/Vi.

From here y = Vze/ (V1 — V3).

External forces: F—driving force; R—resistance force.
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Figure 3. Structural self-adjusting mechanism and linear velocity plan.

To study the interaction of kinematic and force parameters, we will use the principle of
virtual work (power): a necessary and sufficient condition for the equilibrium of the system
is that the virtual work (power) of the active forces on all arbitrary virtual displacements of
the system is equal to zero [7,8].

Let us make a power balance equation of link 2, based on the principle of virtual work
(power). Link 2 is affected by the motive force F with a given velocity V;, the drag force
R with velocity V3, and the frictional moment Mg, = (R — F)y with angular velocity w»
around the fixed point C, defined by the vector—Vj at point P. The equilibrium equation of

link 2 has the form
FV, = Mf32w2 + RV3. Or

Fv; = (R—F)V3+RV3. ®)

The input power of the engine is equal to the sum of the power expended to overcome
the frictional moment and to overcome the output resistance force. Hence

FV; = (2R — F)V;. (4)

Equation (3) is the force balance equation of the mechanism.
From this we obtain the expression of the variable gear ratio
V.
U3 = Vl = (2R—F)/F. (5)
3
From Equation (5) we obtain the equation of force adaptation of a self-regulating
mechanism to a variable external load.

Vs =FV;/(2R—F). (6)

With constant input power parameters, the output linear velocity V3 is inversely
proportional to the variable output resistance force R.

An important qualitative indicator is the efficiency factor—the ratio of useful power
P, to the power expended Py,. Using Equation (3), we get

”:Pe/Pu:FVI_(R_F)V3/FV1- 7)

4. Determination of the Interacting Parameters of Structural
Self-Adjusting Mechanism. Numerical Example

Problem statement.
The structural self-adjusting mechanism (Figure 3) has the following specified parameters:
Geometric parameters e = 0.01 m, 4 = 0.002 m.
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External forces F=12N, R =16 N.
Input velocity V1 = 0.4m/s.
Coefficient of friction in the friction joint C, which provides the definability of motion

f=06.

Determine the velocities of the links V3 and w», the position y of the instantaneous

center of velocities P of link 2, the required frictional torque M3, the tension force N in

the friction joint C, the gear ratio 13 = %, and efficiency 7.

)
@)
®)
4)
©)
(6)
@)

Solution

V3=FV;/(2R—F) = (12 x 04)/(2x 16 — 12) = 0.24 m /5.
w2 = (V1 —V3)/e= (04— 0.24)/0.01 =165 1.

y = Vae/(V, —V3) = 0.24 x 0.01/(0.4 —0.24) = 0.015 m.
Myz = (R~ F)y = (16 — 12) x 0.015 = 0.06 Nm.

N = (R — F)y/fd = (16 — 12) x 0.015/0.6 x 0.002 = 50 N.

_ 2R—F __ 2x16—12 __
M13—T—(172)—1.66. ( )
. _ FVi—(R-F)V; _ 12x04—(16—12)x0.24 _
n=P,/Py= 132 = 12x04 = 08.

5. Conclusions

Let us formulate the foundations of the theory of self-adjusting mechanisms by con-

sidering the force adaptation of a mechanical system.

)
@)
®)
4)

®)

(6)

@)

)

The basis of an adaptive system is a structural mechanical chain containing links and
connections between them.

Links between links are kinematic and force constraints in the relative movement of
links.

Kinematic connections limit the degrees of freedom; force connections impose force
restrictions on the relative movement of links.

The motion of a structural chain is expressed analytically by the condition of inter-
action of kinematic and force parameters based on the principle of virtual work (or
power) or the law of conservation of energy.

The definability of the motion of a structural chain is expressed by the following
condition: the number of total degrees of freedom equal to the number of kinematic
degrees of freedom minus the number of force connections must be equal to the
number of input links.

A force coupling is created in a kinematic pair by adding a force constraint, for
example, friction, on the relative motion of the links. Adding a force coupling does
not change the number of kinematic degrees of freedom, but it does change the total
number of degrees of freedom of the structural chain.

A structural chain with two kinematic degrees of freedom and with one force coupling
has the definability of motion in the presence of one input.

The definable structural chain has the property of force adaptation to the variable
external load—with constant input power, the output speed is inversely proportional
to the variable external load.

Funding: The APC was funded by the Ministry of Science and Higher Education of the Repub-
lic of Kazakhstan, Joldasbekov Institute of Mechanics and Engineering MON RK (grant number:
BR31715767).

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: No new data were created.

https:/ /doi.org/10.3390 / materproc2026033005


https://doi.org/10.3390/materproc2026033005

Mater. Proc. 2026, 33,5 60f6

Conflicts of Interest: The author declares no conflict of interest.

References

1.  Ivanov, K.S. Theorem on the definability of motion of a two-movable kinematic chain with a single input. In Books of Abstracts of
MMT Symposium; Journal of Mechanism and Machine Theory: Guimaraes, Portugal, 2024.

2. Ivanov, K.S. Method of Automatic and Continuous Change of Torque and Speed of Rotation of the Output Shaft Depending on
the Resistance to Movement. Patent KZ No 34402, 19 June 2020.

3.  Tulekenova, D.; Ceccarelli, M.; Ivanov, K.; Russo, M. Design and Performance of a Planetary Gearbox with Two DOFs. Machines
2024, 12, 780. [CrossRef]

4. Crockett Samuel, J. Shiftless, Continuously-Aligning Transmission. U.S. Patent 4,932,928, 12 June 1990.

5. John, H. Power Transmission System Comprising Two Sets of Epicyclic Gears. Great Britain GB 2238090 (A), 22 May 1991.

6.  Vedeneev, S.A. Automatic Geared Variator for Changing Gear Ratio Without Disengaging Gears and Without Control Devices or
Therewith. European Patent EP 2 348 231 A1, 27 July 2011.

7. Levitsky, N.I. Theory of Mechanisms and Machines; Nauka: Moscow, Russia, 1979; 576p. (In Russian)

8. Markeev, A.P. Theoretical Mechanics; Nauka: Moscow, Russia, 1990; 416p. (In Russian)

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual

author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to

people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3390 / materproc2026033005


https://doi.org/10.3390/machines12110780
https://doi.org/10.3390/materproc2026033005

	Introduction Materials and Methods 
	Description of the Main Structural Elements 
	Description of the Mechanism with Structural Pairs 
	Determination of the Interacting Parameters of Structural Self-Adjusting Mechanism. Numerical Example 
	Conclusions 
	References

