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The Mechatronics System Control Quality
Analysis Using Simulink and GUI in Matlab

M. Juhas, B. Juhasova, and P. Mydlo

Abstract—In this contribution is presented study of
flexible mechatronics system control quality analysis.
Control system is designed by various standard and
advanced methods. The different criteria for quality
evaluation are used. The Matlab — Simulink simulation
model in conjunction with Matlab GUI is used for
experiments realization.

Index Terms—control quality, Matlab GUI, mechatronics
system control, Simulink

I. INTRODUCTION

HE contribution deals with flexible mechatronics

system control quality analysis by the Simulink tool
and with GUI utilization created in the Matlab. The
impulse is ongoing necessity of further advancement of
electric drives containing elements with different types of
parasitic effects control methods, in this case flexible
connection between an actuator and a load. There are
different methods of mechatronics system control design
analyzed in this article. The control quality is advised on
base of local criterion as well as integral quality criterion.

II. CONTROLLED SYSTEM MODEL

The permanent magnet synchronous motor (PMSM)
with flexible coupling is chosen as analyzed mechatronics
system. A special type of PMSM with the high torsion
moment by the relatively low evolves — torque motor,
was analyzed.

If the inertia of the transmission mechanisms is small
compared to the motor and load, the flexible coupling
between the motor and load can be treated as a two-mass
motor/load system, as shown in Fig. 1. [2, 5, 6]

Fig. 1 PMSM with flexible join
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TABLEI
ANALYZED SYSTEM PARAMETERS
Parameter Unit Description Value
Ra Q armature current 0.02
La mH resistance and infiuc.tance of armature 100
winding

cd Nm/A torque constant 0.3
IM kg/m2 inertia of the motor rotor 10

JL kg/m2 inertia of the load 60
b12 Nms damping of the transmission 0.1
d12 Nm spring constant of the transmission 4
kTM - converter gain 1
TT™M - converter time constant 2

The control system design was based on idealized
condition where the infinitely rigid connection was
considered instead of flexible connection between
actuator and a load. This condition is described as

J=Jdy+J. 1

Oversimplified model of system as transfer function of
this adjusted mechatronics system has a form

cd )
(Ju + I )Las? + (Jy + I )RS + cd?

A spurious effects caused by resonant frequency and
antiresonant frequency occurrence in the flexible
connection were eliminated by double notch filter [7, 9]
in form

Gpusm(s) =

2
1) 52+§s+1

® ® 3
Gier (8) = ~— 5 : 3
(1J s?+ % s+1
08} g
where
resonance: o = |d, dmtd 4)
Imde
resonance dumping: & — bip [Jw+d (5)
2 \dipdwde
antiresonance: o, = diz (6)
J
antiresonance dumping: g, = _ by @)

21}d12J|_

III. CONTROL SYSTEM DESIGN AND CONTROL SYSTEM
MODEL

For control system design was applied different
methods. [1, 3, 4, 8] Classical feedback control has been
designed by

--Naslin method
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--Modulus Optimum Method a? > aaga, : (0.09 +0.31)% = 2*0.3r; *1.4 (10)
--Method of Inverse Dynamics 9 9 . .
Next, the combination of classical feedback control az 2 oa@z 1 1.4 =27(0.09+0.3r)" 7 (1
and one of intelligent control methods has been applied For PI controller coefficients calculation is used a
--Fuzzy controller boundary state — equality and the resulting values are
An advanced control method in form of cascade TABLE Il
control with utilization PI (NASLIN) CONTROLLER PARAMETERS
--2x Modulus Optimum Method Parameter | Value
--Modulus Optimum Method and Symmetric Optimum To 0.1667
Criterion LS 0.0233

was also used.
PID controller — Modulus Optimum Method

A. Feedback control of angular velocity For controller of PID type in form
The simulation was performed by simulation model Gr(s) =1, + L s
(Fig. 2) [10] consists of RI/ITI0OT g T (12)
--controlled system — actuator electrical part (Fig. 3) has an opened control loop form
and flexible join of actuator with load (Fig. 4) 0.3r,52
_0.3r8“ +0.3rps +0.3r_4
--controller Gg(s) Go(s) = 3 >
--double notch filter 7s” +1.4s° +0.09s (13)
Following an assumption that ideal closed control system
""-'eql'ad*’s] wniraciq | =] transfer function has a value approaching to one, the
+ equation involving real part of open control loop
-
& frequency response has form
motor exible join 4 - 2 -
Contraller eIEcChicaltpart Flexible j GO(S) _ (O] (042r1 2.1r0)+ (0] (0027r0 0.42':1)

o) (MR A 490° +0.70* + 0.00810?

whifadss] 1] Go(s)=-0.5 (14)
The coefficients of PID controller are solved based on
equations system in matrix form solution

2

~0.42 0027 0 |[r, 0.0081
antro ilter 1
Cortel Fit 0 -21 042 r |=-05 07 (15)
0 0 0 |n 49

Fig. 2 Simulation model of angular velocity feedback control

The coefficients of PID controller designed by
Modulus Optimum Method are

1/R
L/R.s+1 b T TABLE III
armature fHml PID (MOM) CONTROLLER PARAMETERS
2
SE Parameter Value
wubd[radss] laf#] . 51602
0 .
Fig. 3 Analyzed system simulation model of electrical part - 0.0199
I —0.0323

=

-1
TE ! ' PID controller — Method of Inverse Dynamics

For possibility to calculate controller coefficients by
Method of Inverse Dynamics was transfer function of an

actuator rigidly connected with a load modified to the

form
0.3 K
G s) = = (16)
. ps(®) 7s% +1.45+0.09 Tozs2 +2ETys +1
4’|>_’ = [wipads where
Fig. 4 Analyzed system simulation model of flexible join K=0.3/0.09 §T0 =+/7/0.09; €= 0091% (17)
. 0
PI controller — Naslin methgd The coefficients of PID controller in form
For controller of PI type in form T as)
Gr(s)=P(1+—L+Tys
Gris)=ro + " ®) R(e)=Pll+ 3+ Tas)
s

are for defined time constant T,=0.1 -calculated

is the closed control loop in form according to equations

0.3rps +0.3r.
Ge(s) = 0 = ©) - - To.o T
75% +1.45% +(0.09+ 0.3r)s + 0.3r 4 T1= 2800 Ty = o iP = - (19)
According this, for o =2 and maximum overshooting The coefficients of PID controller designed by Method
5% following a Naslin method are valid inequalities of Inverse Dynamics are
ISBN: 978-988-19252-4-4 WCECS 2012
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TABLE IV
PID (MID) CONTROLLER PARAMETERS
Parameter Value
P 46.6713
T; 15.5556
Ty 5

Fuzzy control

The fuzzy controller was designed by experimental

with coefficients defined as
Tip, .
=—PL T, =L, /R;k=kpy /R (21)
Pl 2kTTM Pl a a ™ a
The coefficients of cascade control subordinate PI
current controller designed by Modulus Optimum
Method are

TABLE VI
PI (MOM) CURRENT CONTROLLER PARAMETERS

variation of k., kg and kg, coefficients based on ITAE
quality criteria tracking and evaluation. The simulation
model of fuzzy controller, which was used in this

Parameter

Value

kPI

0.025

Tip

5

simulation experiment, is shown in Fig. 5.

B)iS

Fuzzy Logic
Controller

=
p

kdu

Fig. 5 Simulation model of fuzzy controller

The resultant values of fuzzy controller are

TABLEV
PD (Fuzzy) CONTROLLER PARAMETERS
Parameter Value
Ke 0.0016
Kae 0.0165
Kau 787.8

B. Cascade control

The most frequently used control structure in the

controlled drives is the cascade control. In the case of

speed control of PMSM are using two loops namely
--current (eventually torque) loop

--speed loop

-C- w_reqfradis]

whd[radis]

T

L

Y

Spead
Controller Control
Quality

e G

Couble

Filter

"’ NOTEH | ™

[

Current
Controller

DC motar
elactrical part

b m(s) —{Ualv]  TE[Nm]
whirad’=]  [a[A]

|| TE m H

]

Flexible join

Fig. 6 Simulation model of PMSM cascade control

Current controller

The tuning method based on the Modulus Optimum
optimization criterion was used for current controller

According to this criterion was specified PI controller

design.
in form
Tip s +1
Rp =kp .FI

ISBN: 978-988-19252-4-4
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Speed controller 1

The tuning method based on the Symmetric Optimum
Criterion was used for first version of speed controller
design.

According to the Symmetric Optimum Criterion was
specified PID controller in form:

LA N (22)

Rpip =Kpp +

with coefficients defined as

o 4T+ o
PID= -~ 3 > 1PD =7’
8coTry” 8coTry” (23)
P2
Tdep = o ——
CHTrm

The coefficients of cascade control master PID angular
velocity controller designed by Symmetric Optimum
Criterion are

TABLE VII
PID (SOC) CURRENT CONTROLLER PARAMETERS
Parameter Value
Kpip 568.75
Tipip 7.2917
Tdpip 4083.3

Speed controller I1

The tuning method based on the Modulus Optimum
criterion was used for second version of speed controller
design.

According to the Modulus Optimum criterion was
specified PD controller in form:

RPD = kp| (1 + po|S) (24)
with coefficients defined as

1
Kp) = T;TdPI =2Ty (25)

The coefficients of cascade control master PD angular
velocity controller designed by Modulus Optimum
Method are

TABLE VIII
PD (MOM) CURRENT CONTROLLER PARAMETERS
Parameter Value
Kpp 58.3333
po[) 4

IV. GRAPHICAL USER INTERFACE FOR QUALITY
ANALYSIS

For operation rejuvenation by the evaluation of
analyzed system quality control the graphical user
interface (GUI) was created (Fig. 7). [11] Designed
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application utilizes simulation and analysis of created
simulation models to view various qualitative indicators.
It also allows analyzing influence of elimination element
— double notch filter application on control process
quality increase.

P
Step response Application control
PMSH: Pl Naslin Method
350 T = v T T T r
i // Tt i L i ] Simulate
w0 P —————
T il TTTTRTITYT :--- -:"““ Simulation

2 200

&

;E Control type
F Masziin Method -

: i f ] Filter
B0 B0 100 1200 140 18D B0 200 & on
time [s] e off

Plant parameters Results

spring constant [d, ] 4 ISE | 1010358 settling time [$] LB
Reset ta default

transmission damping [b, ]| 01 ITSE | 7726930 overshoot %] "8

motor rotor mertia [J, | 0 IAE 5374 overshoot time [s] | 40.0 it

X
toad inertia [, ] - 1

Fig. 7 GUI for PMSM Control Quality Analysis

V. ANALYSIS RESULTS

The plots of angular velocity of particular simulation
experiments are displayed extra for enabled (Fig. 8) and
extra for disabled (Fig. 9) parasitic frequency filtration.

500 T T T T T
400 H 1
300 H 4-;;4‘4;;.;“.:;-—-:

/

angular velocity [rad/s]

— Pl Maslin
22l — —PIDMoM |
A PIDMID
a0l — - — PI+PD
- PI+PID
3 ==+ Fuzzy
D ? 1 1 1 1
1] 20 40 60 a0 100 120
time[s]
Fig. 8 Angular velocity with filtration
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Fig. 9 Angular velocity without filtration

The quality of control process has been evaluated
based on local criteria of quality

--Settling Time

--OverShoot

--OverShoot Time

as well as based on integral criteria of quality for
control error space, acquired through the simulation
subsystem [10] shown in Fig. 10.
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--Integral Square Error (ISE)
--Integral Time Square Error (ITSE)
--Integral Absolute Error (IAE)
--Integral Time Absolute Error (ITAE)

i e S | — AE
Abs Integratar 1AE
LM B L EL
- Lt ITAE
Abs1
@ Integrator ITAE
Clock
el e 8 | I ISE
hdath Integratarz ISE
Function
2
Ll 0™ e 7
i I ITSE
hath
Function Integrators ITSE

Fig. 10 Simulation subsystem for integral criteria measurement

The results of experiments, consisting of evaluating of
different quality markers for different methods of flexible

mechatronics system control design are shown in TABLE
X

TABLE IX
SIMULATION RESULTS
filter on ISE ITSE IAE  ITAE ST 0S OST
Pl Naslin | 1010358 7726830 5374 85312 771 118 40
PID MOM | 1056620 8103446 5306 72441 597 63 436
PID MID 233657 1147410 2147 29634 46 159 185

PI+PD 479922 1599638 2400 14409 2489 0 0
PI+PID 130834 359755 1175 13332 233 648 21
Fuzzy 498810 23727268 3048 31182 427 1.2 46
filter off ISE ITSE 1AE ITAE ST 0SS OsT

Pl Naslin | 1007834 9141781 5917 121337 922 172 4498
PID MOM | 1055588 9319508 5861 110914 991 125 451
PID MID 231924 1280192 2452 65804  LS07  17.2 197

PI+PD 443791 2041271 2718 24108 405 63 254
PI+PID 211086 1371805 2458 86346 1919 855 08
Fuzzy 495243 2633827 3521 85453 1844 26 427

Reached results were represented in graphical form
(Fig. 11, Fig. 12, Fig. 13 and Fig. 14) because of analyses
requirement. Graphical representation does not contain
absolute numerical expression of results, but because of
comparability they were transformed to percentage
representation of specific part relative to entirety.

N =

Ij "\”I/!§

\
\
\‘

15% '//////\\§\\
\ \

Pl MNaslin
o FIDMD
MOM FI+PD

PI+PID

Fuzzy

|OISE BITSE OIAE BITAE]

Fig. 11 Simulation results — Integral criteria of quality with filtration
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PID MD
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Fig. 12 Simulation results — Integral criteria of quality without filtration

Pl Maslin
PID MO

PI+PID

| O Seftling Time B OverShoot COvershoot Time |

Fig. 13 Simulation results — Local criteria of quality with filtration

‘ OSettling Time B OverShoot B OverShoot Time ‘

Fig. 14 Simulation results — Local criteria of quality without filtration

VI. CONCLUSION

The set of experiments, consist of simulation of
flexible mechatronics system with control system
designed by different methods, has been performed. The
quality of control process was evaluated based on
different markers. According to achieved results is
possible to state, that:

--for control design necessity is possible to use a
substitution of infinitely rigid join instead of flexible join
in the concurrency with utilization of filter for flexible
system antiresonant and resonant frequency;

--classical principles of control design (Naslin, MOM)
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are of advantage in term of local criterion especially by
using them without filtering of parasitic elements, but
according to quality integral criterion is their application
markedly inept;

--according to integral criteria, as an optimal method
for control design wears the cascade control with PI
current controller and PID angular velocity controller,
which is however at least advantageous in the term of
maximal overshooting value;

--usage of advanced control methods, represented by
fuzzy control in this case considering dynamics and
system structure wears as disadvantageous;

--after evaluation of combination of all indicators is
possible to assert, that the one of optimal methods of
flexible mechatronics system control design is possible to
consider the classical design method - method of inverse
dynamics and advanced method - cascade control
contains combination of PI current controller and PD
angular velocity controller. These two methods show
signs of robustness furthermore, in terms of unacceptable
frequencies elimination without using of supplementary
filter too.
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