API-1u103 BBINOJIHAET POJib LIEeHTPaJbHONM TOYKM KOHTPOJISI 6€30MacCHOCTU U MOHMUTO-
pUHra, obecreyrBas e/jiHble NIpaBU/a ayTeHTUPUKALMY, TUMATHPOBAHUE YaCTOThI 3allPOCOB
Y LleHTPa/IM30BaHHOeE JIOTMpOBaHue. /|1 yIpoLleHUs UHTerpalyy ¢ KJIMEHTCKUM MPUJIOXKEHU-
eM paspaboTaH SDK, koTopblii aBTOMaTHU3UPYET PErUCTPAIMI0 YCTPOUCTBA, 06pabOTKY TrJ1y6o-
KHUX CCbLJIOK U 0obecleuyuBaeT YCTOMYMBYIO CHHXPOHHU3ALUIO JAHHBIX B Cyyae BpeMeHHOH No-
TePU COeJJUHEeHHUs. ITO CO3JaéT HaAEXKHbIH QyHJaMeHT [ii1 6e30MacHOTO U INpeJCKa3yeMoro
B3aMMO/IeCTBUA MeXAy NPUJI0KEHUEM U CepBEPHOM 4acCTblO, YTO OCOGEHHO BaXKHO NP IKC-
IJIyaTalluy CUCTEMbI B pacnpeie/iéHHOM cpege [2].

3axiuo4yeHnue. [IpensoxkeHHass apXUTeKTypa O3KeH/-KOMIOHEHTAa OpHEeHTUpOBaHa Ha
NpsAMYI0 U GBICTPYIO MHTETPALUIO C IPUJIO)KEHUEM U 0OecrieduBaeT LieHTPaJM30BaHHbIN YUéT,
rubkoe miaHupoBaHue TO M HaAEXKHYI JOCTAaBKY yBeJoMJieHUH. [[pOEKT yMeHbIIAET CJI0XK-
HOCTb KJIMEHTCKOHN 4acTH, 06ecliedyMBaeT MaclITabUPyeMOCTb U 6€30MaCHOCTb CUCTEMBI U TO-
TOB K IIO3TAIHOU UHTETPAaLYH C CYLeCTBYIOIIUMHU NPUI0KEHUSMHU U BHEIIHUMHU CEPBUCAMH.

1. TopeB f.H. AKTya/bHOCTb aBTOMaTH3alUM CKJIAACKOTO y4éTa Ha COBpEMEHHBIX NPeANnpUsaTHAX // BecTHUK Hayku Ne8
(65)-2023.-T.1-C.111-115. - URL: https://www.BecTHUK-HayKu.pd/article/9703 (zaTa o6pameHnus: 20.10.2025).

2. ®upep A. B, Kuprusosa E. B. ABToMaTH3anus y4éTa 1 MOHHUTOPUHTA aKTUBHOTO ceTeBoro o6opyzoBanus / A. B. ®upep,
E.B. Kupruszosa // MexayHapoAHbli HAy4YHO-UCCIENOBATEJbCKUHA KypHasr. - 2024. - Ne10(148). - URL:
https://doi.org/10.60797/IR].2024.148.149 (nata o6paweHus: 18.10.2025).
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Research Objective. The objective of this study is to develop and implement algorithms for
calculating the trajectories of executive tools based on the kinematic analysis of Assur groups,
ensuring high precision and efficiency in the motion control of computer-aided design (CAD)
systems. In the modern design of complex mechanisms, a critical challenge is the creation of
mathematical models capable of accurately predicting the motion of executive elements and
optimising their trajectories. The proposed approach is grounded in the block principle of
analysis, wherein complex mechanisms are decomposed into Assur groups—significantly
simplifying the solution of kinematic and dynamic problems.

Material and Methods. Trigonometric formulae were employed to determine point
positions; numerical methods were used to solve systems of nonlinear equations; and the block
principle was applied to analyse mechanisms as assemblies of Assur groups.

Results and Discussion. The foundation of the developed algorithms is a mathematical model
comprising a system of equations and procedures describing the kinematics—position, velocity, and
acceleration—of executive mechanism elements. The core components of the model include:

Kinematic Component:

- position equations for points expressed in terms of geometric parameters and
rotational angles;

- algorithms for calculating velocities and accelerations using trigonometry and differentiation.

Under the block principle, complex mechanisms are partitioned into Assur groups, each
analysed independently. Figure 1 illustrates the kinematic diagram of a crank-slider mechanism
in a Cartesian coordinate system.

The sequential analysis procedure for a crank-rocker mechanism is as follows:

- First, the Class I group (driver link, the crank) is analysed;

- results are then transferred to the Class II group for subsequent calculations.
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Mathematical Models for Assur Groups:
Class I Assur Group:
- Coordinates of point A (crank-rocker joint):
x,=Lcosep, y,=Lsing
- Velocity of point A:
vy =—Losng, v, =Lwcosy
- Acceleration of point A:
a, =-Lw’cosp, a » =L @ sing
Class Il Assur Group, Type 1:
- Coordinates of point B (rocker-slider joint):
Xg=x,+L,cos0, y,=y,+L,sinf
- Angle of rocker inclination 6 is determined as:
0 = arctan| 22—
Xp —Xy4
- Angular velocity of the connecting rod:
Vg, 086 =V, sinf
L2

w, =

yA B

C

0

X

Figure 1 - Kinematic model of a crank-slider mechanism

The diagram depicts a classic four-bar mechanism comprising the following elements:

1) Fixed pivot (point 0O) — located at the origin (0, 0). Point O serves as the centre of
rotation for the crank and is denoted as a fixed support, conventionally hatched.

2) Crank OA — the first link, rotating about point O. The direction of angular velocity ®
is indicated by an arc arrow, showing counter-clockwise rotation.
3) Connecting rod AB — the second link, rigidly connecting the crank to the slider.
Represented as a bar linking point A (crank-rocker joint) to point B.
4) Rocker BC — the third link, connecting the connecting rod to the slider C.

This mechanism illustrates the principle of motion conversion: the rotary motion of crank
OA is transformed into oscillatory motion of rocker BC — a principle widely applied in
machinery such as compressors and pumps.
The diagram enables determination of the trajectories of points A, B, and C for a given
crank angle ¢ and angular velocity o .

Example calculation for a crank-slider mechanism with parameters:

- L, =50mm ;
- L,=150mm ;
- L, =120mm ;

- Crank angular velocity: @ =10rad/s ;
- Crank angle: ¢ =60 .
For Class I group:
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Coordinates of point A:
x,=50c0s60" =25mm, y,=50sin60 =43.3mm

For Class II (Type 1):
- Angle of connecting rod inclination:

0 = arctan| 22—
Xp Xy
- Coordinates of point B:
Xp=x,+L,cos0, y,=y,+L,sinf
- Angular velocity of connecting rod:
Vp, €0s@—v, sinf
L2
Conclusion. This study has developed and implemented algorithms for calculating
executive tool trajectories through kinematic analysis of Assur groups. The mathematical model
of the crank-slider mechanism has been implemented in Python, achieving high computational
accuracy (error < 0.1%) and enabling visualisation of point trajectories. Integration with
computer-aided design systems accelerates the mechanism design process, enhances calculation
precision, and facilitates mechanism parameter optimisation based on trajectory analysis.

w, =
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Modern challenges in complex mechanism design require the development of efficient
tools that enable automated calculations and visualisation of results.

Research Objective. The objective of this study is to develop software for kinematic
analysis of crank-slider mechanisms based on Assur groups, providing high-precision
calculation of positions, velocities, and accelerations of mechanism elements. The main task is to
create a software product that integrates with computer-aided design systems, enabling
engineers to optimise mechanism parameters, predict behaviour, and reduce development time
for new designs.

The proposed programme addresses this task through implementation of the block
principle of analysis, where complex mechanisms are decomposed into Assur groups,
significantly simplifying the solution of kinematic equations and improving computational
efficiency.

Material and Methods. Analytical methods are used: trigonometric formulae for
determining point positions; numerical methods: solving systems of nonlinear equations using
Cramer's method; block principle: analysis of mechanisms as assemblies of Assur groups.

Results and Discussion. The mathematical model of the mechanism consists of equations
describing the position, velocity, and acceleration of mechanism elements in relation to
geometric parameters and kinematic characteristics of the driving link. The kinematic
component of the model includes [1]:
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