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Purpose. The primary objective of this revision is to adjust the speed and overall performance of a separately ex-
cited direct current motor by implementing a traditional controller route that incorporates a Proportional-Integral (Pl)
controller. The objective of the present scheme is to verify the precise functionality of the motor by means of the dynam-
ic regulation of the two input currents, which are sourced from two separate direct current (DC) power supplies. The
objective of the present study is to apply the PI controller to achieve stable and effective performance, especially under
variable load conditions, thereby reducing oscillations in speed and enhancing the motor's response to dynamic vagar-
ies. This tactic has been demonstrated to enhance the motor's flexibility, rendering it particularly well-suited for sce-
narios that demand high-precision motion control. The research demonstrates the efficacy of the PI controller in pre-
serving optimal operational parameters, thereby enhancing energy efficiency and system dependability.

Methodology. The design methodology of the Proportional-Integral (PI) controller is based on exact principles,
with the aim of improving motor operation by defining the model controller parameters. This method guarantees the
optimal system performance by means of successful adjustment of current inputs, with the objective of minimizing fluc-
tuations and enhancing response stability. The tuning procedure involves the selection of appropriate proportional and
integral gains, with a view to maintaining a balance between speed control and dynamic flexibility. The efficacy of the
PI controller is enhanced by systematic parameter optimization, resulting in improved efficiency, reduced steady-state
error, and enhanced transient response. Consequently, the controller is well-suited for applications that demand pre-
cise motor control.

Findings. The PI controller design increases separately the excited dc motor stability and regulates its speed.

Originality. This research introduces a modified control routine for a dual buck DC-DC converter, whereby one
converter supplies power to the armature motor circuit, while the second provides power to the flux circuit. The origi-
nality of the work lies in the application of a devoted control system on the second converter, which has been built to
adjust the flux current. It is evident that by controlling the flux current, the controller enhances the magnetic field sta-
bility.

Keywords: dc-dc buck converter, separately excited dc motor, speed control, dual.

dc-dc Buck converter used proportional —integral —
I. INTRODUTION differential controller is proposed, the control strategy for
switching power device depend on storing and freeing

Now a day’s power electronics are efficient science S ; .
energy at circuit that represent model operation principle.

that played a great role in various field of life, as example
automation, smart grid, industrial process, renewable en-
ergy system, as well as electrics vehicle etc. In industrial
process and applications, require movement that used dc
motor, speed control at different load conditions consid-
ered the main challenges faced the customer’s. Many re-
searches are introduced for this purpose.

Circuit is realized and tested for different values of
resistive load to evaluate the controlled buck characteris-
tic. [2] A fuzzy logic controller base on pulse width mod-
ulation is expressed on dc-dc buck converter to perform
power device switching. Where the strategy providing
smooth control for dc motor speed and accurate response
for all operation condition even with disturbances
presences. [3]. Additional paper discussed speed control
of dc motor fed from buck converter where differential
flatness control technique used. this strategy is satisfied
for all dynamic conditions which faced dc motor [4].

An artificial neural network are implemented to reg-
ulate the speed of dc motor it is involved with model ref-
erence adaptive controller, the complete scheme devel-
oped the overall performance of drive, where the control-
ler regulate the duty cycle of converter thus the voltage of
supplied to motor change according to the ratio of varia-
tions. This control structure improve the performance
under different state of load or transient condition [1].

Dc motor supplied from different scheme of power
converter consist of full wave bridge rectifier connected
to de-de buck converter. The whole system is adjusted at

. . . 1 1 i 1 imulink. Th
Another research deals with design, analysis and of open loop control strategy using matlab Simulin ¢
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research examine the system performance taking account
altered factors total harmonics distortion, ripple, efficien-
cy of rectifiers etc. and their effects on buck performance.
Also field and load disturbances are considered in per-
formance of bridge performance. Where all mentioned
affect the control strategy is taking account for generating
signal of firing angle [5].

A proportional —integral —differential control im-
plemented on dc —dc buck converter. The suggested
method make regulating the output voltage of buck inde-
pendently on input voltage. It is modeled using matlab
Simulink tools and constructed dependently of transfer
function of system. Supporting by practical experiment
system is capable to increase the accuracy and decrease
overshoot response for different statuses of load variation
controller [6].

II.DC-DC BUCK CONVERTER HES

Buck converter is one of the multi- kind of convert-
ers family, these family conclude three main type buck,
boost and buck boost. The main function of this converter
is to reduce or step down voltage at its output. Buck con-
verter involve transistor as switch , inductor ,diode , and
capacitor as well as the load connecting at the end side
Lfigure 1 shown the complete buck scheme. [7], [8], [10].

The operation principle of depends on using PWM
technique for switching on and off of mosfet. Switching
frequency generation using pwm led to emergence what is
called duty cycle (d) ratio which equal to.

Duty cycle (d) = ton/(ton+toff) (1)
ton : On time period

toff : Off time period

ton+toff : Operation period

SwW P L

D

Figure 1. Complete buck circuit with R load

By controlling the mentioned vleue (ton) the output
voltage of converter change proportionally with it, that
mean increasing duty cycle. Where the output voltage
according to the last equation cannot exceed the input
voltage value [7], [8], [9].

The equation describe buck converter written as be-
low

V 0=d V_in )

:output voltage
V_in : input voltage [13]

16

Figure 2 shows the output voltage.

Switch Position
/N

Oon |Off |On

>

Average Output Vollage

a1

Figure 2. Output and average voltage

AVC=[VinXd(1-d)]/8LCf2 3)
AVC: ripple voltage on capacitor
AIL=[VinXd(1-d)]/fL] “)
AIL: changing inductor current

IMax=1 o+V otoff/2L ®)
IMin=1 o-V otoff/2L 6)

IMax, IMin: maximum, and minimum current pass-
ing through inductor [11].

ITII. DC SEPARATELY EXCITED MOTOR

Dc motor can define as a device convert electrical to
mechanical energy .It considered an essential drive sys-
tem for many industrial application .Despite this im-
portant feature motor dc motor suffer from needing to
maintenance and raising their costs. Due to various type
of load many kind of motor can be classify according to
how their wounded field such as series, shunt, compound
and separately excited motor .The last type denote to the
case study in this work, which it can represent by the fig-
ure shown below [13], [14]. Expounding the main materi-
al and results analysis.

Figure 3. Illustrate The Total Construction Of Dc Motor
With Load

dd

dt
Vf : voltage applied on field circuit

V=R, + @)
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R ;- field resistance
i IE field current

17 IR Flux on field circuit

. da, :
V.=Rji,+L, e + K w,i, (8)

V, Armaturevoltage
R, : Armature resistance
I, 1 Armature current

L,: Armature inductance

IV. DC MOTOR SPEED CONTROL

Speed control for any kind of motors refers to ad-
justing this value until meet to desired demand, while
speed regulation refers to maintain this value although
load vary. There are different methods can implement to
achieve speed control for the motor types such as.

* Armature control method. It executed by connect-
ing resistor in series with armature circuit winding . This
method is suitable at light load states or constant load
application.

*Voltage variation. It implemented by changing in-
put voltage (source).

*Field control method, this method employed by
changing flux using field rheostat in series with field cir-
cuit or changing voltage applied on field circuit.

V. CASE STUDY FOR MOTOR SPEED CONTROL

The case study in this work shown in figure (4) con-
sist of an Ac voltage source feeding rectifier circuit , this
rectifier supply a positive current to two identical dc-dc
buck converters that supply power to dc motor.

.

Ly

Figure 4. Complete system dual buck converter
connected with dc motor without controller
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VI. MATLAB SIMULATION RESULTS

1. Simulation results without controller.

The illustrated circuit realized using matlab software
describe the drive system performance without using con-
trol strategy, it shows the mechanical characteristics of
motor as well as the electrical in figures 5, 6 and 7.

<Electrical torque Te (n m}>

Figure 5. Illustrate the motor speed without using control
circuit where it show the proportional increase in speed
until reached the rated value of motor spee

Figure (6) shows the torque where it generated by
motor at value equal to 5 N.M.

<Speed wm (radis)>

Figure 6. Shows the dc motor torque ( Wr ) without
control circuit

Figure (7) refers to field current that passing in sepa-
rated circuit from the armature winding.

<F it e o AP
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Figure 7. Shows the field current of dc motor without
control circuit

2. Simulation results with controller.

During its operation dc motor faced many difficult at
environmental status such as load variation, raising cur-
rent, drop voltage, as well as mechanical fault etc. Load
variation considered a common state that affect on motor
performance especially speed. Different methods suggest-
ed and implemented to overcome speed difference similar
to classical (PID) controller , modern (fuzzy logic) con-
troller, hysteresis current controller, F28027 launch pa-
dand other [11], [12], [14].

A Proportional —integral (PI) controller is achieved
in this work for controlling input voltage for motor
scheme to eliminate the steady state error the increasing
the reliability and stability of system. The operation prin-
ciple is adjust the ton of power switch in buck converter
keeping duty cycle at same value. changing ton at buck
converter responsible for feeding fiel circuit of motor led
to vary the operating conduction then vary the output
voltage to desired target, Figure (8) illustrate the PI con-
troller scheme connected to buck system in figure (7).

Bt e ]

i W TR
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ol weee T

Reference Kp Regulated
+ | Plant Output

Figure 8. PI controller scheme connected to buck system

in above figure

Kp: Proportional gain

Ki: integration gain

nevertheless the parameter can written as transfer
equation

c(s)=K, +2 ©)
S

The discussed system is connectd to buck as shown
in figure (9).

=r

PP
LT T .

G

Figure 9.Complete system dual buck converter connected with dc motor with PI controller
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When PI controller connected to the drive a sudden
change in torque applied, the results describe system per-
formance obtained are shown in the following figures.

Figure 10. Shows the dc motor speed ( wr ) with control
circuit

In figure 10 a sudden change in load raising its value
to 15 N.M was happened at 5 msec, the speed decreased
until reached 110 rps, where the Plcontroller tried to ab-
sorbed this change by regulating the field circuit to main-
tain the speed of value at acceptance limits.

bty conwt b (A

S aow u iy o w B

Figure 11. Shows the dc motor torque ( wr) with control
circuit

Figure 11 illustrate the effects of PIcontroller to reg-
ulate system operation even at sudden change of load
torque .at what time it happened the controller adjust the
field circuit to overcome the variation in load, when at
point 5 msec the load torque decelerate tehn raised to
overcome the change.

Figure 12. Shows the field current of dc motor with
control circuit
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Figure 12 denote to field circuit current where at the
moment of load change the controller regulate the input
voltage applied on circuit to regulate the input current
which responsible for generation of torque.

VII.CONCLUSION

In this work implementation of PI controller with
dc-dc buck converter developed the system performance
at any sudden vary of load torque , it is increasing the
stability and reliability of motor drive. The PI effectively
regulated the input current of field circuit of motor to
adjust its speed .this operation achieved by changing the
ducty cycle of onverter switch which connected to the
field circuit .By using this technique the whole system
takes the abilty to face the disturbances happened at any
time with fast dynamic response.
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Mema pobomu. Memoro pobomu € po3podxa aneopummy pe2yir08aHHs WUEUOKOCMI MA 3a2albHOL NPOOYKIMUBHOC-
mi 08U2YHA NOCMITIHOZ0 CIMPYMY 3 OKPeMUM 30Y0JCeHHAM, ULTAXOM peanizayii mpaouyitinozo cnocoby KepyeaHHsl, SKuil
sKouae nponopyiuno-inmezpanvruil (I11) konmponep.

Memoou Oocnioscenns. Memoou KoMbIOMEPHO20 MOOENOBAHHSL 3 3ACMOCY8AHHAM NPOSPAMHO20 3ADeCneyenHs
MatLAB.

Ompumani pesynemamu. Memoodonozia npoekmyeanns nponopyiino-inmezpanvhozo (I11) konmponepa nobyoosea-
HA HA MOYHUX NPUHYUNAX NOKPAWEHHS pOOOMU O8USYHA ULISIXOM GU3HAYEHHs. napamempie modeni konmponepa. Llei
MemoO 2apanmye, wjo cucmema 3a6es3nevye Haukpawyy npoOyKMUGHICMb, YCRIUHO Pe2ylioloyu CMpPYMOGi 6XIOHI CUCHA-
S, MIHIMIZYIOHU KOJUGAHHS Ma niosuwyouu cmabintoricmo peaxyii. Ilpoyedypa Hanrauimyeanus eKuo4ac sudip eiono-
BIOHUX NPONOPYIUHUX MA [HMESPATbHUX KOeiyieHmie niocuienHs Ois NIOMPUMKU OANAHCY MIdC KePYBAHHAM UWGUOKI-
cm0 ma OUHAMIYHOW cHyuKicmio. 3asoaxu cucmemamuyHit onmumizayii napamempig, I1l-konmponep niosuwye ege-
KMUBHICMb, 3MEHULYE NOXUOKY CIAYIOHAPHO20 pedcumy ma NOKpauye nepexiony Xapakmepucmuky, wo pooums 1o2o
npUOAMHUM O/l 3ACMOCYBAHb, WO NOMPEOYIOMb MOYHO20 KEPYBAHHS O8USYHOM.

Haykoea nosusna. Hayxosa nosusna pobomu noiaeac y 3acmocy8anti cneyianizosanoi cucmemu KepyeamHs Hd
Opy20Mmy nepemeoprogati, cneyiaibHo po3poobieHoi 0a pe2ynto8antsa cmpymy mMaeHimnozo nomoky. Kepyouu cmpymom
MA2HIMHO20 NOMOKY, KOHMPOAep NIOBUWYE CIADINbHICIb MACHIMHO20 NOJIA.

Ipaxmuuna yinnicme. 3a60axu cucmemamuynitl onmumizayii napamempis, I1lI-xonmponep niosuwye epexmus-
HICMb, 3MEHUWYE NOXUOKY CIMAYIOHAPHOZ0 PEXCUMY Ma NOKPAWYE Nepexiony Xapakmepucmuxy, wo pooums 1o2o npu-
0amuum 015 3ACMOCY8aHb, WO NOMPEOYIOMb MOYHO20 KEPYBAHHS OBUSYHOM..

Kniouosi croea: nownuscysanvruti nepemeoproéay NOCMIHO20 CMPYMy, O8UZYH NOCMINIHO20 CIPYMY 3 OKDeMUM
30y-02ICEHHAM, Pe2ynI08aAHHS WEUOKOCTI.

20





