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CONTROLLER DESIGN FOR DC MOTOR

Urgency of the research. DC motors are very important and therefore great attention is paid to their development and
production. DC motors are used wherever a wide range of speed control is required, or where starting conditions are difficult.
They are characterized by simple speed controllability and reliability.

Target setting. The article deals with the analysis of a DC motor with a focus on speed control using the design of a PI
controller. Matlab / Simulink sofiware is used for simulation.

Actual scientific researches and issues analysis. The PI controller is the most common combined controller because it
has an almost universal use. In a closed loop control system, it eliminates permanent control deviation and improves stability.
At the beginning of the control, the influence of the proportional term prevails, with increasing time the influence of the inte-
gration term prevails.

Uninvestigated parts of general matters defining. Another task will be to verify the proposed PI controller on a real motor.

The research objective. The main aim was to create control of a DC motor using a PI controller. The proposed control
system regulates the motor speed with zero control deviation.

The statement of basic materials. It is a type of electric motor powered by direct current. The main advantages include
versatility and simplicity.

Conclusions. The aim of the article was to create a mathematical model, which is the main building block for simulations
in a computer environment. Based on the available parameters of the selected DC motor, this mathematical model and its
Sfunctionality were simulated. Subsequently, the PI controller is designed and its simulation with different load characteristics.

Keywords: DC motor; speed; mathematical model; Matlab/Simulink.
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Introduction. Today, we encounter the problem of controlling DC motors in almost every
place. We can find them in various household appliances, work tools, also in vehicles or in
industry. Each of these sectors has its own requirements for quality and accuracy of control.
An important factor in control is to decide between quality, quantity, and area of use. Obviously,
the more precise and high-quality control is needed, the higher the implementation costs, but it
is also important that an accurate and costly controller is not always available. Most used actu-
ator in mechatronics motion control applications is DC motors. Despite a variety of resources
that propose different selections and design of control strategies to control motions in desired
fashion, for instant, most control system used are based on convention PID controller [1-7].

Mathematical model of DC motor. It is a type of electric motor powered by direct current.
The main advantages include versatility and simplicity. Due to the fact that the speed of a DC
motor is directly proportional to the magnitude of the supply voltage, it is possible to achieve
almost any speed compared to AC motors, of course with regard to the mechanical properties
of the electric motor.
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Fig. 1. Model of DC motor
The DC motor model is characterized by the following relationships:
Electrical part of DC motor:

Rig(6) + LEAD =, (1) — kyw(0)

and the transfer function:
14(s) 1
Ua(s)—kp2(s)  R+Ls
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Table
Parameters of simulation
u, motor armature voltage
is current
ug feedback voltage
R resistance
inductance
J moment of inertia of the motor
B viscous motor and load friction
kg feedback constant
k.. motor constant
My, load moment
Mg motor driving torque
Mechanical parts of DC motor and their transfer functions:
Mg () = kpia(8);
Mk (s
If((s; = K
JEE 4 Bao(t) = My (£) — My (t):
02(s) 1
Mg(s)-Mz(s)  Js+B’
ug(t) = kyw(t);
Up(s
nB((s)) = k.-
U_A(s) 1 1 )s)
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Fig. 2. Mathematical model of DC motor
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Fig. 3. Speed of DC moto
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In Fig. 3 is possible to see the reason for the need to apply the controller.
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PI control of a DC motor. The controller is used mainly in the industrial sector, which
contains the Proportional, Integration and Derivative components. It is the task of minimizing
the control deviation obtained as the difference between the output value measured by the sen-
sor and the desired value. The P component takes into account current errors, the I component
collects past errors, and the D component predicts future errors based on the rate of change of
current errors [8-10]. The transfer function is:

2
Gr(s) = Ky + 2+ Kys = 22200

Pole placement method. An assisted pole placement method has been proposed to help the
designers in their choice of the design parameters. Once the desired rise time, settling time and
percentage of overshoot of the step response of the closed-loop system with respect to a refer-
ence change have been specified, the computation of the controller is performed automatically
[9]. By suitable positioning of the poles, it is possible to influence the stability or periodicity of
the control output [3].

Controller design considers a 3nd order system, characteristic equation has the form:

Gan(s) = kw
3R T $34(28K)wos2+(1+28k) wis+kw3’
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Fig. 4. Closed-loop control system
By simplifying the block scheme, we get the final transfer function of control system:
G(S) — _ kmkps+kmx*Kj .
LJs3+(LB+RJ])s2+(RB+km2+kmkp)s+kmk;
The PI controller constants are obtained by comparing the coefficients of the characteristic
equation of the desired and the final transfer function:

K = kw3L]
1 — k B
m
K. — (1+2&k)wiL]—RB—km?
P — Kk .
m
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Fig. 5. Pole position uncontrolled and controlled system
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Verification of the functionality of the control was simulated under the action of two type

disturbance variables.

0.3

025

03

0.2

0.15

0.2]

(i3]

0.15

01

0.05]

0.05]

o 1 2 3 4 5 ] 7 8 9 10

Fig. 6. Disturbance variables
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Fig. 7. Speed of DC motor at constant load
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Fig. 8. Control deviation of closed-loop control system at constant load

One of the important factors for the control of the DC motor is the intervention of the action
variable in the change of the load, which is on Fig. 9.

o 1 2 3 4 5 L3 7 a 9 10 44 46 48 5 52 54 56

Fig. 9. The course of the action variable at constant load

During a square load, the load is characterized according to Fig. 9. In practice, such a situ-
ation may occur when connecting a load using a coupler and then disconnecting it. As in the
previous case, it is necessary to monitor the output parameters to verify the correct operation of
the close loop control system.
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Fig. 10. V Control deviation of closed-loop control system at square load
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Fig. 11. Control deviation of closed-loop control system at square load
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Fig. 12. The course of the action variable at square load

Conclusion. In everyday life, we encounter electric motors of any kind very often and due to
the growing tendency to automate all previously manually controlled or controlled activities, it
will be even more common in the future, so it is important in technical practice to know the basic
components of electric motors and various control options. It was ultimately possible to improve
this technology and minimize possible failures during the cycle. The aim of the article was to
create a mathematical model, which is the main building block for simulations in a computer
environment. Based on the available parameters of the selected DC motor, this mathematical
model and its functionality were simulated. Subsequently, the PI controller is designed and its
simulation with different load characteristics. From the simulation, the PI controller reacts to
changes in load quickly and efficiently, what corresponds to zero control error in steady space.
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PO3POBKA PEI'YJISITOPA JIUISI ABUT'YHA IOCTIMHOI'O CTPYMY

Axmyansuicme memu oocnioxncenus. [suzynu nocmiiinoeo cmpymy (QIIC) € oyoice saxcausumu 6 cyuacHomy ceimi,
momy ix po3pobyi ma eupoOHUYMEY NPUOLIAEMbCA euKa yeazd. Bonu euxopucmosylomscs mam, de icHye nompeba pezynio-
BAHHA WBUOKOCHI 8 WUPOKOMY OIanazoni abo npucymui 8adicki ymosu 3anycky. Bouu iopizusiomucs npocmomoio KkepyeanHs
ma 8UCOKOI0 HAOIIHICMIO.

Ilocmanoexa npodnemu. Cmamms npuceadena ananizy 08U2yHa NOCMItIHO20 CMPYMY 3 AKYEHMOM HA Pe2yTI08aH s UBU-
OKOCmi 3 BUKOPUCIMAHHAM Nponopyitino-inmezpanvrozo (I11)-pezynamopa. [[na mooeno8anus 6UKOPUCOBYEMbCA NPOSPAMHE
sabe3neyenna Matlab/Simulink.

Amnaniz ocmannix docaioxcens i nyonikauyiu. I11-pecynamop € 00HUM 3 HAUOLTbLUL NOWUPEHUX KOMOIHOBAHUX Pe2yasmopie
Mma Mae yHigepcanbHe 3aCmocy8ants. B cucmemi ynpaeninms 3i 360pOMHUM 36'513K0M 6IH YCy8ae nocmitine 8I0XUNEHHs pe2y-
nosanHa i nokpawye cmabinonicms. Bin xapaxmepusyemocs mum, wjo 8 NOYAMKOBUL MOMEHM 30YPeHHs nepedadicac 6Naue
NPONOPYILIHOZ0 pe2yiamopd, a NOMiM - IHMe2PaibHO20.

Buoinenna nedocniosycenux wacmun 3azanvhoi npobnemu. He 0o kinysa Oocnioscenum € numanua pospoobxu I1I-
peayiamopa 3 ypaxyeaHHam napamempis peanbHo2o 08USYHA.

Ilocmanoexa 3ae0anns. OcHogHOI0 Memoio 6Y10 CMEOPUMU CUCEMY YIPABLIHHA 08USYHOM NOCMITIHO20 CIPYMY 3a 00~
nomoeorw Ill-pecyramopa. 3anpononosana cucmema YnpagiiHHsa pecynroe WeUOKicimes 08USYHA 3 HYIbOBUM GIOXUNEHHAM NO
YAPABIIHHIO.

Buxnao ocnoenozo mamepiany. 3anpononosano mMamemamuiny mooens, wo 00360J5€ NPOBOOUMU MOOENI08AHNS MA
ananiz cucmemu ynpaeninns JJI1C na ocnogi Ill-pecynamopa. Hasederno pezynvmamu MoOento8anHs Oisi PisHUX munis 30ypeHs
6 npoepamuomy xomnuexci Matlab/Simulink.

Bucnoexu. Cmeopeno mamemamuuny mooeib, AKa € OCHOB0KW 0iisi Mooentoeants cucmemu ynpasninusa JJIIC Ha ocrosi
Il-pezynamopa 6 komn romepromy cepedosuwi Matlab/Simulink. Ha ocnogi docmynnux napamempie ubpano2o 08ucyHa no-
cmitino2o cmpymy Oyi0 BpoMoOeniosano pooomy cucmemu YNpaeiinua cmocosHo cmabinizayii weuoxkocmi. B nodansuiomy
naanyemuvca po3poora Ill-pezynamopa ma 11020 MOOen08aAHHA 3 PISHUMU XAPAKMEPUCTNUKAMU HABAHMANCEHHSL.

Knruogi cnosa: osucyn nocmitinoco cmpymy, weuoKicms, mamemamuyna mooens, Matlab/Simulink.
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