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2 Interpolation Synthesis of The Controllers for A Multi-Motor Electric Drive System Containing An
Elastically Linked Element

Abstract

Introduction: The multi-motor electric drive systems that include elastic conveyors are one example of typical
systems with distributed parameters described by complex equations. Because of the elastic and distributive
nature of the system parameters, the transfer function describing them is often a complex expression, contai-

ning the inertial and transcendental components.

Problem: The elastic and distributive nature of system parameters makes the precise control of tension and

speed synchronously much more complicated than the centralized parameter system.

Methodology: We propose a numerical solution for synthesizing the regulators based on the real interpolation
method to reduce computational capacity and synthesis error while preserving the characteristic properties of

objects with distributed parameters.

Conclusion: The effectiveness of the proposed algorithm is verified by an experimental model of the two-motor
electric drive system containing an elastic conveyor. The simulation and experimental results indicate that the

control system with the received regulators operates stably and meets the required quality criteria.

Originality: The research findings can be applied in the development of central control and monitoring systems

for automatic production lines with multi-motor drive systems that include conveyors.

Keywords: Automatic control system, Regulator synthesis, Objects with distributed parameters, Elastic conve-

yor, Transfer function.

Resumen

Introduccién: los sistemas de accionamiento eléctrico multimotor que incluyen transportadores elasticos son
un ejemplo de sistemas tipicos con parametros distribuidos descritos por ecuaciones complejas. Debido a la
naturaleza eldstica y distributiva de los parametros del sistema, la funcion de transferencia que los describe

suele ser una expresion compleja que contiene los componentes inercial y trascendental.

Problema: la naturaleza elastica y distributiva de los parametros del sistema hace que el control preciso de la
tension y la velocidad sincronicamente sea mucho mas complicado que el sistema de parametros centraliza-

dos.

Metodologia: se propone una soluciéon numérica para sintetizar los reguladores basada en el método de in-
terpolacion real para reducir la capacidad computacional y el error de sintesis preservando las propiedades

caracteristicas de los objetos con parametros distribuidos.

Conclusién: la eficacia del algoritmo propuesto se verifica mediante un modelo experimental del sistema de
accionamiento eléctrico de dos motores que contiene un transportador elastico. Los resultados de simulacion
y experimentales indican que el sistema de control con los reguladores recibidos opera de manera estable y

cumple con los criterios de calidad requeridos.

Originalidad: los resultados de la investigacion se pueden aplicar en el desarrollo de sistemas centrales de
control y monitoreo para lineas de produccion automaticas con sistemas de accionamiento multimotor que

incluyen transportadores.

Palabras clave: Sistema de control automatico, Sintesis de reguladores, Objetos con parametros distribuidos,
Transportador elastico, Funcion de transferencia.

Resumo
Introdugédo: Os sistemas de acionamento elétrico multimotor que incluem transportadores elasticos sdo um

exemplo de sistemas tipicos com parametros distribuidos descritos por equagdes complexas. Devido a natu-
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reza eldstica e distributiva dos parametros do sistema, a fungao de transferéncia que os descreve é frequente-

mente uma expressao complexa, contendo os componentes inercial e transcendental.

Problema: A natureza elastica e distributiva dos parametros do sistema torna o controle preciso de tensao e

velocidade sincrona muito mais complicado do que o sistema de parametros centralizado.

Metodologia: Propomos uma solugdo numérica para sintetizar os reguladores com base no método de in-
terpolacao real para reduzir a capacidade computacional e o erro de sintese, preservando as propriedades
caracteristicas de objetos com parametros distribuidos.

Concluséo: A eficacia do algoritmo proposto é verificada por um modelo experimental do sistema de aciona-
mento elétrico de dois motores contendo um transportador elastico. A simulacao e os resultados experimen-
tais indicam que o sistema de controle com os reguladores recebidos opera de forma estavel e atende aos

critérios de qualidade exigidos.

Originalidade: Os resultados da pesquisa podem ser aplicados no desenvolvimento de sistemas centrais de
controle e monitoramento para linhas de producdo automaticas com sistemas de acionamento multimotor

que incluem transportadores.

Palavras-chave: Sistema de controle automatico, Sintese de reguladores, Objetos com parametros distribui-

dos, Transportador elastico, Funcao de transferéncia.

1. INTRODUCTION

Multi-motor electric drive systems (Figure 1) are essential components in many pro-
duction lines, including industrial robots, mechanical processing equipment (such as
continuous rolling mills), paper production lines, optical thin-film handling equipment,
cable sheathing lines, spinning machines, canning lines, and automatic robots in au-
tomobile assembly lines, as well as in the production of electronic components. The
control quality of these systems is critical to the accuracy and overall work quality of
the entire production line. The system parameters, such as mass and elasticity of the
conveyor, depend on its spatial dimensions and are described by complex integro-dif-
ferential equations and other mathematical formulations. In general, the transfer
function describing this element will have the form:

Wae(s) = f(s, e%, \/E,cos cos () ,sin sin (s), sh(s), ch(s), ...) (1)

containing not only the argument as s but also the functions of s (Vs,cos cos
(s) ,sin sin (s) ,sh(s),ch(s),...) [1-4]. This complicates the synthesis of control systems.

The design of a controller for a multi-motor drive system connected together
by an elastic conveyor must meet the following requirements: synchronize the motor
speeds with high accuracy, and concurrently adjust both speed and torque to stabilize
the tension of the conveyor belt.
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4 Interpolation Synthesis of The Controllers for A Multi-Motor Electric Drive System Containing An
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Some studies have carried out modeling and construction of controllers for
multi-motor drive systems containing elastic conveyors [5-11]. There are various con-
trol methods developed utilizing classical control theory, fuzzy logic, neural networks,
and sustainable optimal control, etc [12-26].

The classical methods synthesize the regulator based on the analysis of char-
acteristics in the time or frequency domains. However, this approach involves complex
models and algorithms, a high computational volume and large errors. For instance,
when using frequency models to manipulate functions with imaginary arguments, jw,
the method is only suitable for linear systems. The synthesis of regulators based on
example standard H® can lead to unsustainable solutions. The limitation of using the
integral asymptote criterion between the desired and synthesized system also exists
in some methods. Methods based on fuzzy theory and neural networks often require
heavy dependence on the designer’s experience and involve high computational costs
due to the mathematical tools used. The Linear Quadratic Gaussian (LQG) optimal
control method requires complete information about the system parameters, which
can be difficult to obtain in complex multi-motor systems. However, there are other
control methods for multi-motor drive systems, such as adaptive control, sliding con-
trol, decentralized control, feedback control based on observers, and other approach-
es and studies.

Based on the above analysis, this study proposes a solution to synthesize and
calibrate the regulator using the real interpolation method. This method has a simple
procedure and allows for a reduction in computational volume, while preserving the
specific features and effects of conveyors on the system [33-35].

Control system

rl
i v v
D, E, Inverter 1 || Inverter 2
J Elastically linked element
[
X
mk
/
& N,
~ 7
| X=X | >
Xl=x,= 0 2 X

Figure 1. The structure of an active two-motor drive system linked by elastic conveyors.
Source: own work
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2. MATERIALS AND METHODS

Section 2.1 presents the working principle of an electric drive system with an elastic
conveyor. Our proposed approach to synthesizing the controllers is outlined in Section
2.2, followed by the implementation details in Section 2.3.

2.1. Modeling an electric drive system with elastic
conveyor

The elastically linked conveyor is surveyed as a closed-loop form associated with the
motor and has the calculation diagram shown in Figure 1. This element has a uniform-
ly distributed mass and stiffness, with m, - the mass of the drive part associated with
the motor, concentrated at the point x = x; = 0, also m, - the mass of the conveyor is
concentrated at the point x = x,. Its mathematical description has the form [2,3]:

2 2
Lefu(x,t) = p(0) 522 — F22C0 = f(x,6);0 S x < Lt 2 0,p(x) > 0,E >0 (2)

du(x, du(x, du(x,
{u(x, t)]e=0 = uo(x); ug; om0 = w1 () u(x, )] xm0 = u(x, t)|x:l:%bc=0 = %Jx:l . (3)

in which: L, — the differential operator; u(x,t) - displacement of the point on
the conveyor with coordinates x at the t some time; E = const - the elastic modulus
of the element under investigation; u, (x) u; (x)- displacement and displacement
rate of the conveyor section at coordinates x and time t = 0; f (x,t)- input impacts in
space and time; p(x) - the material density of the conveyor in coordinates x, which can
be calculated through the mass components m; corresponding to the coordinates x;
according to the expression:

p(x) = p;+ Ximimib(x — xp), (4)

with: p; = const is the density of the conveyor when unloaded. Research [3]
shows that the normalized transfer function corresponding to (2) is the solution of the
equation:

{L[W] = [1+ 380,00 — )15 W (x,€,5) — %&x —§,5=5/aW(0,§53) = c
dW(0,,3) _ ( )

W ES); W =aW,a? = E/p, =

dW(L§3) i
T;O S{S l;Tli —mi/Pl
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6 Interpolation Synthesis of The Controllers for A Multi-Motor Electric Drive System Containing An
Elastically Linked Element

The survey system (Figure 1) is converted to a two-mass system associated
with the motor and conveyor: n = 2 [4]. The output point has coordinates x, and mass
m,, and the motor is located at the point with coordinates x; = £ = 0. The research
[2,3] shows that the transfer function representing the relationship between the force
at a point of coordinate x; = 0 and mass m, (F,4(0,s)), with the velocity at the point of
coordinate x, and mass: m, (V;(x,,5))

Va(xz,s) _ q.sh.schA.s 6
Fq(0,5) Sh2s+pu1 o s2(ch2s—ch2As)+(py+H1z)s.sh2s’ ( )

Wae(s) = W(x,0,s) =

where, u, = ny/l=my/my, u, = ny/l=m,/my,m, = p;l- the mass of conveyor;
q =1/2a-thetransmission coefficient of the conveyor,A = 1 - 2x, /1 - the output space
coordinates of the system. The calculation is done in a similar way for input-output
coordinates: x; = £ = 0, x, = 0, and we will get the transfer function of the relationship
between the force on the active rewinder (F4(0,s)and its velocity (V,(0,s):

2_ .2
W*dt(s) — W(O_O, S) — Va(0,s) — q[sh2s+spu,(ch“—ch*As) (7)

Fq(0,s)  sh2s+pqpys2(ch?s—ch21s)+(uy+uz)s.sh2s

Based on the description of the force channel of the inverter-asynchronous
electric motor in the rotation coordinate system (d, q) oriented to the total flux vector
of the rotor, the general structure diagram of the electric drive system, taking into
account the influence of elastic conveyor (7) fed into the feedback circuit of the speed
control loop, will have the form shown in Figure 2.

ba lM:

z < FXs) Fu®)
Y N ol X, 7R I TGs), n
- KEA e FAPTS | e F TS Tos+1 N R QF

L (s)

-+

—a

Figure 2. Structure diagram of two asynchronous motor electric drive
systems taking into account the influence of elastic conveyor
Source: own work
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(Kipy, Tipy - the parameters of the inverter; k, - Coefficient of current-loop feed-
back;, Ry =Ry + R, -2 12 In which: R, - Resistance of the stator circuit; L, - The total
inductance is created by the magnetic flux in the motor gap; L, - The equivalent in-
ductance of the rotor coil; R, - The stator conversion resistance of the Rotor circuit;
T; = JR—L; in that: o - Total dissipation factor; L - Equivalent inductance of the stator

coil).

2.2. Synthesis of controllers

In practice, the synthesis of control systems is usually done in two approaches:

The first approach: we consider the system as a collection of separate
control loops that do not affect each other. In this case, each loop is syn-
thesized separately from the inner loop to the outer loop [2]. The limitation
of this approach is that the accumulated error increases with each iteration
because we only know in advance the desired properties of the whole sys-
tem, while information about the desired properties of each inner loop is
needed for designing its controller. Therefore, it is necessary to determine
the desired properties for each loop. However, it is impossible to have an
exact solution, leading to increased errors throughout the synthesis.

The second approach: we set up a general synthesis equation, containing
the desired coefficients of all the regulators. It leads to nonlinear equations
for the parameters of the regulator. Such a synthesis method requires the
expansion of the original equation into a system of nonlinear equations.
Solving these systems will be difficult to implement in the Time, Fourier or
Laplace domains [3,4].

From the above analysis, this study will consider the first approach. With the
structure diagram in Figure 2, the control system for each motor will include two con-
trol loops: flux and speed.

2.2.1. Synthesis of magnetic flux control loop

The flux control loop consists of a current loop and a flux loop. The synthesis equa-
tion of the current loop will form:

Kiny  1/R3
Wdcra(s): TinyS+1T3s+1

Wik (s) = ; (8)
T kWi 7, B L
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The task is to determine if the regulator W;C,d (s) has the general form:

1 _ bys™+biy_1S™ 14 4bys+by
ded(s) T apsttan 1S l4tagstag (m <n), (9)

and the feedback coefficients k; so that the system satisfy the condition:

{op— A0 < oy <o, + Aoty <t (10)

or

{op — 40 < 05 < 0y + Ao tir > A", (11)

with, W,’,‘l,d(s) - the desired transfer function of the current loop; oy - the over-
shoot of the desired system; o, - the overshoot of the synthesized system; Ao - the
allowable overshoot erroneous (4g = |gs < og|); t&; - the settling time of the desired
system; t3; ti" - the settling time and the minimum achievable settling time of the
synthesized system, respectively. In fact, when there is no regulator (9) for the system
to satisfy the condition (10), we can move to condition (11), where the overshoot com-
plies with the tight limit and also the excessive time is minimal (which is still larger than
the required value tZ¥" > t&.). The transition from condition (10) to (11) ensures that
the synthesis problem always has a solution without losing its generality.

To solve the equation (8), it is first necessary to determine the function W,ﬁ,d (s)
according to the required quality criteria op, tR. One of the methods developed by
A.C. Konosanos and M.A.Opypk [33], determining the function W,ﬁ,d (s) has the form

Us41

[inin
Wiia(s) = —2——Hg; a0 = ( . > p ;A = TR (12)

aps?+as+1 R 9 pmax
—x t|inln =1
(tST)Z HR

with: Hg’, H™?* - the steady-state value and the corresponding maximum of the
step response determined based on the required overshoot o, and the desired static
mode of the system. When o, = 4%; t& = 0.08(s); HY> = 1, the expression (12) takes

the form:
k _ 0.0125+1
Winia(S) = 3 ioaszszatozorr (13)
Ingenieria Solidaria e-ISSN 2357-6014 / Vol. 19, no. 1 / january-april 2023 / Bogota D.C., Colombia
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Based on the structure diagram (Fig. 2) and the specifications of the motor
(GA-28), inverter (Siemens G120) and conveyor, we can determine the parameters:
Motor: Ly = 0.3135(H); L, = 0.3178(H); ¢ = 0.0903; Ly, = 0.301(H); R; = 6.602(2),
T3 =0.00429 (s); T, =0.09287 (s); Zp =2; J;=0.033. Inverter: output voltage
Ugm = 230(V), control voltage Uy, = 10(V), switching frequency f = 500(Hz), Kin, =

31.1; Tiny = 0.625 = 107#(s); Conveyor: q = i =7 1=1- 2% =04,u, = Z—; =11,pu, =
Z—i =0;p =1;R = 1;i = 4,and current regulator of the form PI:
d
Wi (s) = K+, (14)

relation (8) has an explicit form:

K%S+K§i 31.1 0.15
0.0125+1 — s '0.625+10"%5+1'4.29+10"3s+1 (15)
2.4%10"*524+2.4%10725+1 Ks+k 311 015
1+kg

s '0.625+10"%s+1'4.29+10 7 35+1

The essence of the synthesis method applying the real interpolation method is
to convert the synthetic equation (15) to the form with real arguments [33-35], choose
the distribution rule of interpolated nodes §;, for example:

8 =i6,i=1+n, (16)

with 17 — the number of nodes or establishment the nodes {8}, to coincide with
the zero points of a Chebyshev polynomial of the first order of degree # (T,(x)) to
increase the total accuracy [36]:

§i=—"Hgi=17 (17)

1-x; -

with: a— The real parameter is used to correct the synthesis error, and {x;},, -
roots of equation: T,(x) =0, which is determined by the relation [36]:

{To() = 1T1(0) = 5;T2(0) = x* =3 Typ1 (1) = 2T, () — 3 Ty @ x € [-1,1]. (18)

Note that the feedback coefficients k; can be determined from the condition:

Ingenieria Solidaria e-ISSN 2357-6014 / Vol. 19, no. 1 / january-april 2023 / Bogota D.C., Colombia
Universidad Cooperativa de Colombia



10 Interpolation Synthesis of The Controllers for A Multi-Motor Electric Drive System Containing An
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1 1
kq < NPy A (19)

with, AH; - error in the settling mode.

Solving equation (15) with two interpolated points (63, 6, ) in the interval 6§ €
[0.1,2], and the interpolation step: 46 = 0.1, we get the results in Table 1.

Table 1. Synthetic results of the magnetic flux control loop

Quality criteria
Loop interpolation Regulator Desired criteria Synthesis criteria
interval
or(%) t&(s) HR os(%) tir(s) HS
—0.044s + 11.87
Current [0.1,2] B — 4 0.08 1 1.48 0.036 1
_ 7.295 +85.73
Magnetic flux [0.1,2] — 4 0.15 1 34 0.15 1

Source: own work

The synthetic equation of the flux loop containing the current loop is expressed
by the relation:

1 L
Wdcwd(S)Wvd (S)F"-:-l

k ~
WmQ)d (s) = 1+k®Wdlcod(S)Wvd(5)% (20)

with: T, = ;—z; Wdlmd (s); - flux regulator, then the transfer function of the current
loop W4 (s) with regulator (14) is determined by the expression:

—0.0445+11.87 311 0.15
— s '0.625+10%5+1'4.29+10"35+1 ( )
Wvd (S) T 4 0.044s+1187 31.1 0.15 2 1
' s '0.625+10”45+1'4.29510 7 35+1

The desired transfer function Wn’iq,d with the given request parameters:
or = 4%;t8 = 0.15(s); HY = 1 will form:

Wn’i%(s) — 0.022s5+1 (22)

8+107%52+40.044s5+1"
Then execute solving synthesis equation (20) in the same way as the current

loop synthesis with interpolation interval: § € [0.1,2]; interpolation step: A§ = 0.1; feed-
back factor: kg = 1, we receive flux regulators form PI:

Ingenieria Solidaria e-ISSN 2357-6014 / Vol. 19, no. 1 / january-april 2023 / Bogota D.C., Colombia
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Wdlcq)d(s) — 7.29S+85.73I (23)

N

and the quality criteria of the post-synthesized magnetic flux ring are listed in
Table 1.

2.2.2. Synthesis of speed control loop

Synthesis equation for speed control loop:

1 3Lm & w1
Wieoo ()W ra (8) 51— War ()
1 3Lm v ron 1/
1+kadm(s)le(s)in2 Rldet(S)iRl

Wk (s) = (24)

with: Wk, (s) - the desired transfer function of speed loop; Wy, (s) - the
speed regulator; W4 (s) - the transfer function of the current loop has the form (45);
W,k (s) - the desired transfer function of speed loop, with given request parameters:
or = 4%; t8. =0.5(s); HY = 3, will form:

Wik (5) = ot (25)

9.56%¥1073524+0.155+1"

The solution of equation (24) is done in the same way as the current loop syn-
thesis with interpolation interval: § € [0.1,2]; interpolation step: Ad = 0.01; feedback
factor: k,, = 1, we receive the speed regulator form PI:

Wdlcw(S) — 55.79S+8.GBI (26)

N

and the quality criteria of the post-synthesized system are displayed in Table 2.

Table 2. Synthetic results of speed control loop

Quality criteria

Loop int?;&‘:’t’aatlim Regulator Desired criteria Synthesis criteria
OR (%) th (S) H}go JS(%) t;T (S) I-ISOo

55.79s + 8.68
Speed [0.1,2] — 4 05 3 1 0.36 3
Rotation angle [0.1,2] 6.73 12 1 6 1.6 0.66 6
Source: own work
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12 Interpolation Synthesis of The Controllers for A Multi-Motor Electric Drive System Containing An
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The synthesis equation for the rotation angle control loop is represented as:

1
k ~ Wice (S)Wypta(s)
Wm(p (S) = 1+k<delc¢(5)thd(5)‘ (2 7)

in which, W4.,(s) — is the angle of rotation, then transfer function of the speed
loop W4 (s) is determined by the expression:

3L. i * 1
Welco ()W (8) 70— Wae (g

1 E AN
14Kk Wy, () Wpals) 2L, Rlpwdt(s)iRl

thd (S) = (2 8)

Desired transfer function of position loop W,Zl‘(p (s), with given request parame-
ters:og = 12%; t& = 1(s); HY = 6, sé co dang:

Wik (5) = ——ore (29)

0.03552+0.2268s+1

Then execute solving synthesis equation (28) in the same way as the current
loop synthesis with interpolation interval: § € [0.1, 2]; interpolation step: Ad = 0.01;
feedback factor: k,, = 1/s, we get an angle regulator (P):

Wicy(s) = 6.73, (30)

and the quality criteria of the post-synthesized system are listed in Table 2.

2.3. Synthesis program

From the analysis in Section 2.2, synthesis procedure is presented in algorithm:

1. Enter the input data: motor, inverter, conveyor and requirements of the sys-
tem and each loop: ag, t&;, o}, tk.

2. ldentify the desired function by (12) and determine the feedback coeffi-
cients of each loop by (19).
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Figure 3. Program interface for the automatic synthesis of a two-motor electric drive
system containing an elastic conveyor
Source: own work

3. Select the regulator structure of each loop (m,n) by (9) and identify interpo-
lation node points 6, by (16) or (17)

4. Setup and solve equation (8), (20), (24), (27) for each loop. Determining the
quantities (o, th) of the synthesized system.

5. If the system does not satisfy conditions (10) or (11), then return to step 3.

The main interface of the synthesis program written on Matlab 2017b is shown
in Figure 3. The system simulation diagram on Simulink is shown in Figure 4. Step
responses of the synthesized system in each loop are shown in Figure 3, while the
tension variation at the motor shafts (x = 0) is shown in Figure 5.

The calculation results in Tables 1,2 show that the received regulators meet the
required quality criteria of the surveyed system, ensuring stability and synchronous
speed tracking of the motors in both transient mode and steady mode. The graphs in
Figure 5 show that the tension of the conveyor belt generated by the speed difference
between the motors is negligible.
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Figure 4. Structural diagram of the system on Simulink
Source: own work
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Figure 5. Tension variation of conveyor at two motor shafts (F,;, F,)
Source: own work

3. Experimental results

To verify the proposed method, an experimental model of the drive control system
of two asynchronous motors linked together by an elastic conveyor is built. These
motors have a three-phase squirrel cage rotor (GA-28) and Siemens G120 inverter.
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The parameters of the current regulator (14) and the magnetic flux (23) are set while
setting the inverter by the program STARTER. The parameters of the speed control-
ler (26) are set by the PIDs of the PLC stations. The experimental model is shown in
Figure 6.

PLC S7-300-2
|

) Variable load Monitoring control computer
Electronic scale W — e

Motor 2

Motor 1 Elastic conveyor

Figure 6. Experimental model of transmission control of two asynchronous motors
linked by elastic conveyor
Source: own work

The control program is written in “Step7,” while the system monitoring program
is written in “WinCC.” The interface is displayed in Figure 7.

=

bathr |
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Graph
Speed Conveyor

p ,// I
ety Z —L-‘W’/ Graph
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Figure 7. Interface of the control and monitoring system on the computer
Source: own work
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Tabl
from0Oto1

e 3 presents the experimental results obtained when the load was varied
0 kg, and the conveyor deflection was varied from 0 to 1 cm. Some conclu-

sions can be drawn from testing the device in different modes:

The speed of the two motors are stable according to the set value and trace
to each other. When the load changes, the motor speed also changes but
quickly stabilizes to the set value.

When the load changes, the speed of each motor decreases compared to
the set speed but not significantly. Conveyor tension deviations at the two
motor axes can be neglected.

The characteristic of speed tracking in Figure 8 shows that the system res-
ponds quickly to control signals and load changes, and the delay in motor
speeds is negligible.

Table 3. The experimental results were obtained by varying the load from 0-10 kg
and the conveyor deflection from 0-1 cm

Working Range Static error Settling time Overshoot
Numbers
(rpm) (%) (s) (%)
Preset speed 362
Motor speed 1 365 0.8 2 0.1
Motor speed 1 364.5 0.7 2 0.1
Source: own work
16 16
14 14
12 12
10 \\ 10
. 1\ 7 .
2 2
0 ~ — (1)
8:45:06 AM 8:45:31 AM 8:45:56 AM 8:46:21 AM 8:46:46 AM
3/23/2021 3/23/2021 3/23/2021 3/23/2021 3/23/2021
|
ORI Y I
Trend Tag connection Value Date/time
Trend_1 DatTocDo_Ban... 4 3/23/2021 8:45:56:769 AM
| Trend_2 PRM_BangTai_... 4.049592 3/23/2021 8:45:56:769 AM

Figure

Ingenieria Solidaria

8. Conveyor speed variation chart from 10m/min ->5m/min -> 4m/min ->
7m/min when the load changes from 0-10 kg
Source: own work
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4. DISUSSIONS AND CONCLUSIONS

The analysis of the experimental results indicates that the control system effective-
ly maintains the stability and speed synchronization requirements of the motors
in both transient and settling modes. The tension deviation of the conveyor at the
motor shafts, resulting from the speed difference between the motors, is negligible.
Moreover, the experimental system exhibits overshoot and settling times that are
close to the simulation results. The above experimental model has the advantage of
not needing tension sensors (load cells) because the influence of the conveyor has
been introduced into the speed loop through the transfer function W (s) (Figure 2).

The method considered in the paper provides a feasible way to solve the prob-
lem of synthesizing regulators of a multi-motor electric drive system containing an
elastic conveyor. The calculation and simulation results show the accuracy of the
proposed method, which allows direct manipulation of the original model describing
the conveyor (10) without any significant difficulties.

However, the actual test shows that the system will be unstable when the
load changes significantly (the parameters of the conveyor will change accordingly).
Therefore, future work includes:

Improving the working quality of the multi-motor drive control system linked by
the elastic conveyor in the case of large load changes by updating the parameters of
regulator for each range of load variation.

Also, the method described above can be applied to synthesize other specific
systems with distributed parameters, such as heating processes and towed underwa-
ter vehicles. This will enable a more comprehensive evaluation of the effectiveness of
the proposed method.
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