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Abstract: The conceptual foundations of modeling multi-coordinate mechatronic modules of robots are
considered. The use of a multi-coordinate mechatronic movement module in robots made it possible to obtain at the output
of one module several linear and angular coordinates, which reduces the weight and dimensions of the robot and thereby
improves its dynamic characteristics. The proposed original concept of the mathematical description of a multi-coordinate
mechatronic module, which is focused on displaying their structural and operating features. A structural diagram of a
developed industrial robot operating in a Cartesian coordinate system and built on the basis of a multi-coordinate
mechatronic module with three output coordinates is presented. When modeling a mechatronic module, its principle of
operation is displayed by logical models of its constituent elements. Structural diagrams of a composite power
electromagnet and a multi-coordinate mechatronic module of an industrial robot have been constructed using the MATLAB
software.

Keywords: multi-coordinate module, industrial robot, mechatronic module, power electromagnet.

Annomayusa: Pobomnapuune MyamuKoopOUHAmMIU Mexampon MOOYINAPUHU MOOETTAUMUPUUHUNHE KOHYENmYal
acocnapu Kypuneas. MymmukoopOuHamaiy MexampoH Xapakam MOOYIuru pobomaapoa Kyiiaw oup sukuwuoa oup Heua
YUBUKAU 8a OYPUAK KOOPOUHAMANAPUHY OUWL UMKOHUAMUHYU Oepadu, y 3¢a poOOmMHUHE MAcca 2abapum KypcamKuiiapuHu
Kamaumupaou Xxamod YHUHZ OUHAMUK mascu@rapuny axwuiaiou.  MyimuxkoopouHamanu mexapoH MOOYIHUHE
MamemMamux E3UNUWUHU OPSUHSAT KOHYENYUACYU MAKAUGD KUTUHSAH, Y YHUHE CIMPYKMYPABUL 8a MABPOM XY CYCUAMLAPUHU
aKe IMmupuwl YuyH UVHAIMUPULLAH. Y4 qukuuiu MyamuKoopOUHAMAny Mexampon MOOYI AcoCudd Apamuiean 6d
Kypuiean xamoa Oekapm KOOpOUHAM CUCMeMAcuod UWIauoueas CcaHoam poOOMUHUHE KOHCMPYKIMUE CXeMmacu
xKeamupunean. Mexampon MOOyIHUNHE MOOEIIAUIMUPUWLOA VHUHE UWIAW APUHYURU MAHMUKUL MOO0einap époamuoa
ughooananean. MoOoyiHu mawikun 3myeuu 1eKmpoMaAcHUMHUHE 80 CAHOAM POOOMUHUHZ MYTMUKOOPOUHAMATY MEXAMPOH
Mmooyaunune cmpykmypasuti cxemarapu MATLAB dacmypu acocuda mooerinawmupunean.

Taanu cyznap: Kyn KoopOuHamanu Mooy, CAaHOam pooomu, MexampoHn MoOYIb, Ky66am 1eKmp-MacHUMU.

Annomayusn. Paccmompenvl KOHYenmyaibHvle OCHOBbL MOOETUPOSAHUS MYIbIMUKOOPOUHAMHBIX MEXAMPOHHBIX
Mooyael pobomos. [lpumenenue MyIbmMUKOOPOUHAMHO20 MEXAMPOHHO20 MOOYJIsL OBUMICEHUs. 6 pobOmax Nno360UN0
HOMYHUMb HA 8bIX00€ 00HO20 MOOYISL HECKONbKO JUHEUHBIX U Y2I08bIX KOOPOUHAM, 4MO YMEHbUldem 6eco2abapummule
nokazamenu poboma u mem CAMbIM YIAy€maem e20 ounamuyeckue xapakmepucmuxu. [Ipednodcennas opucunanvbhas
KOHYeNYusi MAmemMamu4ecko20 ORUCAHUSL MYIbIMUKOOPOUHAMHO20 MEXAMPOHHO20 MOOYISL, KOMOPAsi OPUEHMUPOSAHA OJisi
OmoOpadICeHUsl UX CIMPYKMYPHbIX U PEACUMHBIX 0cobennocmell. [Ipueedena KOHCMPYKMUGHAsL cxema paspadomaHto2o
NPOMBIUIEHHO20 poboma, pabomaiowe2o 6 OeKApmosou cucmeme KOOPOUHAM U NOCMPOEHHO20 HA OCHOGe
MYTbMUKOOPOUHAMHO20 — MEXAMPOHHO20 MOOYIsL € MpeMsi  blXOOHbIMU — Koopounamamu. Ilpu moderuposanuu
MEXAMPOHHO20 MOOYIsl, €20 NPUHYUN DYHKYUOHUPOBAHUSL OMOOPAICEHA LOCUHECKUMU MOOCISIMU COCMABTSIOUUX €20
anemenmos. Ilocmpoena cmpykmypHble CXeMbl COCHIABHO20 CULOBO20 INEKMPOMASHUMA U MYIbMUKOOPOUHAMHO2O0
MexampoHHO20 MOOYISi RPOMBIULTEHHO20 POOOMA € UCNOIb308aHUeM NpocpammHozo obecneuenus MATLAB.

Kniouesvie cnosa: mynomukoopOuHamuwili MoOYIb, NPOMBIUIEHHBII POOON, MEXAMPOHHBIIL MOOYIb, CULOBOU
INEKMPOMASHUM.
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1. Introduction

The accuracy of the positioning and dynamics of the manipulator is mainly determined by the
dynamic characteristics of the drives used. In the developed and considered [1] industrial robot (PR),
one multicoordinate mechatronic module (MMM), which provides three independent linear
displacements and located on the base of the robot, was used as drives. This made it possible to
significantly simplify the kinematics and improve the dynamic characteristics of the PR. In order to
study the dynamic characteristics of MMM, computer simulation was carried out. Computer
simulation allows us to trace the nature of changes in the studied quantities and evaluate them.

2. Methodology

In the developed PR working in a rectangular coordinate system, MMM with three outputs was
used (an industrial robot has three degrees of mobility). The design of the MMM with three outputs is
shown in Fig. 1. and includes four of the same type of power electromagnet 1, 2, 3 and 4 armored type,
anchors 16, 17, 18, 19 of which form two movable parts. Three pairs of electromagnetic couplings 7,
8, 10, 12, 11, 13 are rigidly mounted to the moving parts using strips 5, 6, covering two flexible rods
14, 15 made in the form of a closed loop (not shown in the drawing), one rigid rod 9 and gripping
organs 20.

By setting various control laws for electromagnetic couplings 7, 8, 10, 12, 13, it is possible to
obtain independent laws of movement of the rods 9, 14, 15, namely, translational step movements.

3. Multi-coordinate meatronic module structure

By setting various control laws for electromagnetic couplings 7, 8, 10, 12, 13, it is possible to
obtain independent laws of movement of the rods 9, 14, 15, namely, translational step movements.

The principle of operation of electromagnetic couplings is analogous to that described in [1]
and consists in providing a firm grip of the rods with the moving parts of the MMM when they are
turned on, i.e. when applying constant voltage to their windings. Electromagnetic clutches perform the
functions of mechanical keys that transmit the reciprocating movements of the moving parts to the
rods, the alternate switching on and off of which ensures the transformation of the reciprocating
movements into translational movements of the output rods.

MMM contains four of the same type of power electromagnet 1, 3, 4, working synchronously
in pairs, i.e. at one point in time, the extreme electromagnets 1, 4 are working, at another moment in

time, the middle electromagnets 2, 3.
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Fig. 1. MMM design with three outputs.
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The designs of electromagnetic clutches are also of the same type, and to reduce their response
time, the windings are controlled from forcing pulses.

When modeling on a computer, structural schemes are developed in the same way, but with
different signs of the output quantities X (t), v (t), f_em, depending on the direction of movement.

When the windings of the electromagnets 1 and 3 are turned on, their anchors move to the left,
and when the electromagnets 4 are turned on, their anchors move to the right. When modeling MMM,
we conditionally accept the positive direction of movement "to the right." The electromagnetic clutch
is replaced by mechanical keys (contacts) of relay elements controlled from a pulse distributor (RI).
The laws of variation of the pulse sequences of the RI determine the laws of movement of the rods of
MMM. When simulating MMM, we define the following laws for the movement of rods: rod 9 moves
to the right, rod 14 to the left and rod 15 to the right at a speed v / 2, v- where the speed of movement
of the rods 9 and 14.

4. Mathematical analysis of multicore coordinate mechatron module
The principle of operation of RI, providing these laws of change of stocks is illustrated by the
state table (table 1).

Table 1.
Status table
Power electromagnets STEPS
and computers 1 2 3 4 5 7 8 9
CE1 1 0 1 0 1 0 1 0
CE2 0 1 0 1 0 1 0 1
CE3 0 1 0 1 0 1 0 1
CE4 1 0 1 0 1 0 1 0
o M/ 1 0 1 0 1 0 1 0
S M 1 1 1 1 1 1 1 1
e 0 1 0 1 0 1 0 1
M2 1 1 1 1 1 1 1 1
- Mo 1 1 1 1 1 1 1 1
(% ML0 0 1 0 1 0 1 0 1
o M 1 0 1 0 1 0 1 0
wn
Mt 1 1 1 1 1 1 1 1
o M}? 1 0 1 0 1 0 1 0
(x) M}12 1 1 1 1 1 1 1 1
e Mo 1 1 1 1 1 1 1 1
wn
M3 1 1 1 1 1 1 1 1

In table 1, the logical state "1" corresponds to the on state of the power electromagnets
CE1,CE2,CE3,CE4 and electromagnetic  couplings M/, M7, M8, M&, M!°, M1°, M}, M},
M2, M2 M3, M3 indices "I" u "n" mean the left and right parts of the coupling [16]. Logical state
"0" corresponds to the off state.

The mathematical model of electromagnets can be expressed using a system of equations and
dependencies of the form [2]:
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u=i-R+—;
2
{mz%zFEM_an;
L Fau = 0.5-1%- 2
Y =f(@D.
where u — is the constant voltage applied to the electromagnet winding i — is the winding current, R —
is the resistance of the winding; 1y — flux linkage, m — mass of moving parts; x — movement of the
armature, L — inductance; Fgy, F,,, — electromagnetic and opposing forces, respectively.

Table 2 shows the values of the initial data for modeling the MMM obtained in the calculation
of the magnetic system (power electromagnet) and the load characteristic of the electromagnets
(opposing forces).

The following data were used to obtain these values; voltage at the terminals of the winding of
the power electromagnet u = 26 V; winding resistance R = 13 Ohm; mass of the movable part
m = 2 kg; working clearance [ = 0.4 - 10~2 M; time scale m, = 0.001.

1)

Table 2.
Source Data Values
X-10°M 0 0,08 0,16 0,24 0,32 0,36 0,4
L, Fy 0,4 0,52 0,65 0,89 1,45 2,15 4,23
1/L,1/T, 2,5 1,92 1,54 1,12 1,69 0,47 0,24
dL/dx, Fy 14 7,7 12,8 25,1 69,1 150 620
Fp(x),H 3 6 10 20 60 140 200

5. Modeling of multi-coordinate electronic module structure

By choosing the scale of the variables, the coefficients of the MMM model were calculated.

Using the functional capabilities of the computer, it is possible to build an imitation model of
an MMM-powered electromagnet built on the basis of the MatLab program, and its structural scheme
is shown in Fig. 2 (a and b).
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- BOP® =-Q-C-F£E&-

input, output

b)
Fig. 2. Block diagram of a power electromagnet MMM.
In this model for the acquisition of non-linear dependencies
1 dl
(7) M = £t (52) M = ) 1 g = F i)
accordingly, functional blocks 5, 9, 8 are used.

Based on the structural model of the power electromagnet, the MMM model was developed
(Fig. 3) with three outputs, the laws of the movement of the rods of which are presented in Table 1,
where the electromagnetic couplings are represented by the contacts of electromagnetic relays 2, 1, 3,
4, 5, 6 with external equations from Fm, which provide the dependence X = X,y + x where the
translational movement of the rod is AX — step, M is the number of steps, X is the instantaneous
movement of the last step.

A >
1 » 3PS -5
— R A
Constant Simulink-PS € B B o >
Converter Ideal Torgue Source Ref
Subsystem Subgystem1 Scope

=0 b

Solver
Configuration
Mechanical
Rotational Reference

Fig. 3. MMM block diagram.

Three signals X, —X,%X; are observed simultaneously on the computer monitor; which are
shown in Fig. 4.
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Fig. 4. Time characteristics MMM.

6. Conclusion
Thus, the conceptual foundations of modeling multi-coordinate mechatronic modules of robots

reflects the features of modeling mechatronic modules on a computer. At the same time, the
positioning accuracy and dynamic characteristic mechatronic modules of industrial robots robots in
various coordinate systems are evaluated. A structural scheme of a multi-coordinate mechatronic
module with three output coordinates is also proposed, and its simulation is carried out on a computer.
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