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Anomauin

YV ecmammi npedcmasneno pisni xKinemamuuni napamempu, o SUKOPUCMOBYIOMbCA 0I5l ONUCY PYXY MAHINYAAMOPA.
Hageoeno memoou pose’szanna npamoi 3a0aui KiHeMamuKu HA NPUKIadi MAaHinyiamopie 3 NOCMYNANbHUMU Ma
06epMANbHUMU CIYNEHAMU PYXAUBOCIIL.

KurouoBi ciioBa: poboT-MaHImysToOp, MpsiMa 3afada KiIHEeMaTHKH, CHCTEMH KOOPAMHAT MAHIMTYJISATOPA.

Abstract

The article presents various kinematic parameters used to describe the motion of the manipulator. The methods of
solving the direct problem of kinematics are presented using the example of manipulators with translational and
rotational degrees of mobility.
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Introduction

The design of manipulator robots [1] requires solving the following basic kinematics tasks:

- the direct task consists in determining the position and orientation of the grip, and if necessary, other links
according to the given coordinates;

- the inverse task consists in determining the relative coordinates of the manipulator links based on the
specified positions of the object or the grip rigidly connected to it;

A direct problem is usually used repeatedly when designing a manipulator. With its help, you can determine
the characteristics of the working area of the manipulator with a complex kinematic scheme in the presence of
restrictions on generalized coordinates, determine the accuracy of the characteristics, for example, errors in
the position and orientation of the grip, which are caused by inaccurate manufacturing of the manipulator links,
wear of parts, backlash, etc.

Main part

There are many methods of solving the listed tasks, which have their own advantages and disadvantages.
The choice of one or another method is usually related to the specifics of the problem to be solved, as well as
the features of the manipulator design.

The combination and mutual arrangement of links and connections determines the number of degrees of
mobility, as well as the scope of the robot-manipulator system. As a rule, the first three connections in the
executive mechanism of the manipulator implement the transport degrees of mobility of the manipulator robot,
and the rest implement the orientational degrees of mobility of the grip in space [2]. Depending on the type of
the first three connections, most robots fall into one of four categories:- robots working in the Cartesian
coordinate system, in which all three initial connections are translational (see Figure 1.);



Figure 1 — Structural and kinematic diagrams and its 3D model of a manipulator robot with a Cartesian coordinate system.

- robots working in a cylindrical coordinate system, in which two translational and one rotational
connections are among the initial connections (see Figure 2);
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Figure 2 — Structural and kinematic diagrams and its 3D model of a manipulator robot with a cylindrical coordinate system.

- robots working in a spherical coordinate system, in which one translational and two rotational connections
are among the initial connections (see Figure 3.);

-

Figure 3 — Structural and kinematic diagrams and its 3D model of a manipulator robot with a spherical coordinate system.

- robots working in an angular or rotational coordinate system, in which all three initial connections are
rotational (see Figure 4.).
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Figure 4 — Structural and kinematic diagrams and its 3D model of a manipulator robot with an angular coordinate system.

The direct problem of the position of the manipulator is one of the main problems of kinematics, which
consists in calculating the position and orientation of the grip in space, based on given movements in separate
kinematic pairs,

q;(i =1n); ;G =L m),m<6, 1)

where g;- generalized coordinates (angles of turns of links and/or movement), n - n - number of degrees of
freedom, 7;- grip coordinates.

As a result of solving the direct problem, the position and orientation of the grip relative to the basic
coordinate system are determined.

Conventionally, all methods of solving a direct problem can be divided into three groups:

1. Methods that make it possible to record the required ratios directly from the kinematic diagram of the
manipulator, without using special techniques.

2. Methods based on the use of a matrix apparatus, for example, 4x4 uniform coordinate transformation
matrices. This method uses coordinate systems attached to each moving link, as well as reference systems
associated with the base. Transition matrices from one coordinate system to the nearest (adjacent) coordinate
system are created. Then, all the resulting transition matrices are multiplied to create a resulting matrix that
connects the base coordinate system to the coordinate system of any link, for example, a gripper.

3 Methods based on the use of the concept of a vector of finite rotation or a screw of finite displacement.

Conclusions
In the work, an overview of the coordinate systems of manipulator robots was carried out, structural and
kinematic diagrams and its 3D model were given. An overview of the methods of solving the direct problem
of kinematics was carried out on the example of manipulators with translational and rotational degrees of
mobility.
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