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A renewable energy-based DC micro grid system supports the DC power flow for domestic and industrial
purposes. The DC voltage drawn from the source is to be adjusted by using the power electronic converters. So, the
controlling of converter came into existence. In this paper the Flyback converter is modelled to get the rated voltage
regulation with the desired output voltage with proper duty cycle at the converter. The nonlinear system is converted
into the linear one by using the lie derivative control technique. In this technique the relative values of current loop
and voltage loop is linearized to get the desired output voltage at the flyback converter. Thus as compared to PI
controller the proposed controller flows good for the transient response of the power system. The boost converter
designed in the existing has modelled with the low output range but in the Flyback converter the ability to achieve
the voltage regulation in DC micro grid with variable inductance and capacitance is defined. Simulation result shows
the modelled flyback converter flows good and accurate as compared to the PI controller with the settling time
difference of 85s of voltage dynamics in the DC micro grid system. The steady state and transient response of the
system is evaluated by comparing the simulation of PI and the proposed controller used in the real time power
transmission system to reduce the power loss at receiving side.

Keywords: Flyback converter, Lie derivative control, Voltage regulation, Transient response, DC microgrid,
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1. INTRODUCTION

In the power converter, the switched mode converters
are nonlinear system so the switching frequency is not
maintained properly in power conversion system. The
voltage regulation of the converter is varied with multiple
switching frequencies. So that the power factor of each
duty cycle gets varied. If this exists, the duty cycle of
converter is not attained properly. Therefore the voltage
imbalance and harmonics takes place without reaching
its regulated voltage [1-5].

Adaptive Controllers:

To overcome these drawbacks the adaptive controller
came into existence which only controls the input current
of the range 0 — 5 A [6-7].

Siding mode Controllers:

To predict the desired value of output voltage the sliding
mode controller for converter is designed which enhances
the output voltage by varying the duty cycle of the converter
but it does not holds good for varying loads [8-9].

Model Predictive Controllers:

The model predictive controller stays positive for sys-
tem efficiency but the stability of the system becomes low
at non-linear load parameters [10]. The system needs to
be control even at the variation in load parameters.
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Therefore, the Flyback converter is modeled using the lie
derivative control technique to define the steady state
and the voltage dynamics in the system with its settling
time. In this paper Section II gives the mathematical
model to design the flyback converter. Section IIT defines
the approach of feedback linearization technique using lie
derivative control equation. Section IV provides the
implementation of proposed feedback linearization
controller for the Flyback converter in outer voltage loop
and inner current loop. The simulation results of PID
controller are compared in Section V. Finally, the
conclusion for the proposed controller and future work is
given in section VI.

2. MODELLING THE FLYBACK CONVERTER

The design of the flyback converter is very simple and
contains electrical components such as a flyback trans-
former, a switch, a rectifier, a filter and a control device
to control the switch and achieve regulation.

The rectifier rectifies the secondary winding voltage to
produce a pulsating direct current and disconnects the load
from the transformer secondary winding. The capacitor
filters the output voltage of the rectifier and boosts the DC
output level according to the desired application.
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Fig. 1 — Circuit Diagram of Flyback converter

A flyback transformer is used as an inductor to store
magnetic energy. It is designed as two linked inductors
that act as primary and secondary windings. It operates
at high frequencies of around 50 kHz.

Design calculations

It is necessary to take into account the design
calculations of the reverse converter of the turn’s ratio,
the duty cycle and the currents of the primary and
secondary windings.

The equation describes the ON and OFF condition
of switch.

V=V, V,=—V/n
i.,=-V/R i, =1
ip=1i iy =0
V =Ai/At
Ai = VAt/L
When Switch is ON:
Son = Aigy =V, DT/L 1)
When Switch is OFF:
Sorr = Algpr = =V (1 = D)T/nL )

On Average:
Aldon + Al =0
V,DT/L-\/ @-D)T/nL=0
V,DT/L=\/_ A-D)T/nL
\V,D=V,l-D)/n
V,=n\V,D/1- D)
For one full cycle combining the above equations:

Ldi,/dt=\/,=V,@-D)/n ®

Taking current at output node:
Cdv,/dt=j 1-D)/n-\/ /R ()
The results of Egs. (3) and (4) is Simulated in MATLAB.

3. OVERVIEW OF LIE DERIVATIVE CONTROL
TECHNIQUE
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Feedback linearization method is:

. A nonlinear control strategy which changes
nonlinear system into linear system or a few linear
subsystems utilizing nonlinear facilitates change.

. Linearization is free of working point.

Generalized form of non- linear system:

x=1(x)+g(x)
y=h(x) (5)

Where:

X is the condition of the system which addresses
different actual properties of the sys-tem and assuming
the request for the system is n.

f and g are the nonlinear capabilities with g# 0 which
address both actual properties and boundaries of the system.

U is the control signal

Y is the result capability

The nonlinear system is changed from x states to z
expresses, the nonlinear change can be characterized
as follows:

Z=¢(x)

With
2] [Lie]
Z.| |Lihe
L
Z.) | L7
L : (6)

Scalar function of h(x) of )(zlx1 ........ X }"T and
vector field f :[f f }"T the lie derivative of h(x)
1 n

along the vector field f(x) can be written as follows;

L, h(x) =oh(x) / oxf (x) :iahi ) /nax f (%)
o

If the lie derivative of the function L:flh(x) along (x)

is not equal to zero i.e

L, L h(x) =0} h(x)/éxg(x) =0 ®

The system is said to have relative degree r.

The relative degree (r) defines the feedback
linearizability of a transformed linear system.

If r =n; the feedback linearized system is called
exactly linearized

If r <n; the feedback linearized system is called
partially linearized

The feedback linearized system is;
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Z, L7 L7 0
Z.| L7 L heo
z=|" || =|- =Az=Bv
Z.] Lo+ L, Ly hegu | {a(9=b(xu ©)
Where 5(y) = L’ h(x)
b(x) =, L} (¥
0.1 0
A= B=
(O 0 and 1

v=a(x)=b(x)u

v=L'he)+ L, L5 h(x)u

Any linear procedure can be applied to plan direct
regulator for the Feedback linearized system.
Feedback linearized system can be written as:

Z = Az = Bv
y=¢ (10)

For this system, v can be obtained by using any
linear control technique. For state feedback control, v
can be written as:

v=-kZ

If the system is exactly linearized, r = n, the control
law (u) can be written as:

n n-1
u-v—a(X)/b(x)—v—|_fh(x)/|_g|_f h(x) (11
If the system is partially linearized, r <n,, the control
law (u) can be written as:

u=v-a(x)/b(x)=v-|_}h(x)/ |, L} "h(x 2)

4. CONTROLLER DESIGN FOR FLYBACK CON-
VERTER USING LIE DERIVATIVE CONTROL
TECHNIQUE

Ldj, /dt=\/,~\/,(@-D)/n
cd\/,/dt=j @-D)/n-\/,/R

(1) Inner current linearization:

- The double slope control procedure can be utilized to
this DC converter. This double incline comprises of
internal current circle and external voltage circle. The
inner current loop is determined in view of the flyback
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converter in Condition (3) and written in summed up
structure as Condition (5)

i,=V,/L-V,a-D)/Ln (13)

Let take Y.=
The relative degree of the system in Eq. (13) is calculated

L, h(x) =o(h(x)g(x))/ox

Lot NOO=Y,=i,=V,D/L-\V @-D)/Ln

f()=-\,/L
g =N ,/L—-\/,/LnD
x=f(x)+g(u
u=v—Lihey/ L, L} h0)
L, h(x)=a8/axh()g(x)

_Blax(\/g/Lfvol Ln+\/ D/Ln)g(x)

=-\,/Ln=0 (14)

L, h(x) = a(h(x) f (x)) / dx
=o/ox(\/ ,D/L-\/ /Ln+\/ D/Ln)f(x)
:Vg/L*VD/Lnio (15)

According to Eq. (8),r =1
According to Eq. (12), the Control input for inner
current loop can be found as

u=v. Lo h0CO/ Ly L hoo

b =y. L hC7 L, h0

D=V-ty —\/, /o) Ve MR e

Sub the value of d in Eq. (13),

iL:(1/L)(\/g—(\/uln))+((l/L)(Vu/n)(\/ —Vg—VOIL)/VD/n/L) an

=V

By taking the controllable variable 'v' as current error
. the current loop is linearized.

- Ki(iref - IL)
(i1) Linearization of outer voltage loop
Based on the flyback converter model in Eq. (4) and
written in generalized form as in Eq. (5)

V.=CGl ~i,~di) (18)

Vi

Sub D from Eq. (16) in Eq. (18) it becomes
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V.,=1/C((j /n@-D))—-(/,/RC))
Vo =1/ /mULv -V, -V )/ L)L/ ) -/, /RC))
1 CWi DV LV )~V ,/R)
It is designed in the way the outer voltage loop

responds slower than the inner current loop. So, the
value of i) = i,.f which gives the below voltage equation:

V[):l/C(\/gireg N o)V, /R
Y.=V, (19)

As given in section III, the relative degree of the
system in Eq. (19) is calculated,

hC)=Y,=V.=V i« /"V,C -V, ,/RC
f0)=V,i./"V,C
g(x)=V/,/RC
L,h0)=0/ax(/ , i, /N ,C)—/ ,/RC)I(X) 20)
=V ,/n\/ ,C=0
L, h()=08/x(/ ;=i !NV ,C) =V ,/RC) F (x)
L 00 =2/, =i IV ,C) = /REDV s 11V ,©) (97
-\ ,/RC =0
d=v— L he)/L, L} h
d=(m+\/ ,/RC)/I(\/,/nCV/ )
=(m+\/ ,/RCYNVV IV )
=(MnCV/ ,/\/ ;0) + (NCV/ ./ RCV/ )
d=(mnCV/ /V ,0)+("V/;/RV ) 22)
Sub d in Eq. (19) the equation becomes:
V., =@V /nV )mnCV IV )+ (VY /RV ) ~(V /RC)
=(V/,mnCV/ /nCV/ \/ )+ (V. /CnRV \/ )~ (V/ ,/RC)

=m+\/_ /RC -y, /RC
V,=m

Y=V,

Taking the controllable variable 'm' as voltage error,
m=K.V. V) the voltage loop is linearized. Thus both
v oref o

the control loops are linearized.

J. NANO- ELECTRON. PHYS. 16, 04007 (2024)

5. PERFORMANCE EVALUATION OF CONVERTER

Case 1: Start up response

Fig. 2 and 3 shows the start up response of feedback
linearization and PI controller of Output voltage vs Time
Period and open loop case of the system. From the result
output voltage flows good with its steady state and
stability variations.

20 T

T
—— Vltage Measurement

L L L 1l L L
0 005 o I 2 05 0 0 w 0 05
Time ()

Fig. 2 — Start up response of Proposed Controller and PI Controller

amter g

Fig. 3 — Open loop response of Flybackconveter

Case 2: Transient response to input variations
(150 V to 100 V)

On comparing the PI with feedback linearization
controller the output voltage variation tends to be quite
active even in the load variation which is shown in Fig. 4.

Fig. 4 — Output Voltage with respect to Input Voltage.

Case 3: Transient response to reference voltage
variations (30 V to 20 V)

The reference voltage variations flows good with the
feedback linearization controller on compared with PI
controller. Fig. 5 shows the fast settling time with less effect
of transient for both the PI and the proposed controller.
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OUTPUT VOLTAGE OF Pl CONTROLLER

OUTPUT VOLTAGE OF FEEDBACK
UNEARIZATION CONTROLLER

Fig. 5 — Controller output voltage with respect to change in
reference voltage

Table 1
SETTLING TIME
CASE FEEDBACK
PI CONTROLLER LINEARIZATION
CONTROLLER
1 0.22 sec 0.9 ms
2 0.15 sec 5.5 ms
3 0.9 sec 5 ms
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Table 1 illustrates the Feedback linearization
controller flows good with fast settling time of 5ms as
compared to PI Controller.

6. CONCLUSION

The lie derivative control for the Flyback converter is
designed in this paper to overcome the voltage
fluctuations caused by the DC-DC power converters. The
nonlinear dynamic model is converted into a linear one to
get the desired output voltage using lie derivative control.
Simulation result shows the enhancement of volt-age
dynamics in the dc system with improved settling time.
The future wok will focus on the Feedback Linearization
Backstepping controller design for the flyback converter
by considering the voltage dynamics in the dc micro grid
system. The simulation result ensures the perfect
stability maintenance of the closed loop system even in
the presence of parameters variation and load
uncertainties. The comparison of PI controller with
proposed controller for the Flyback converter has faster
settling time of 5ms and produces good voltage regulation
on DC-DC converter. Thus the lie derivative controller
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Texuika KepyBaHHA HeJIHIMHOK noxigHow JIi niisg mMoKpameHoro peryJjoBaHHsI HAIIPYTA B
3BOPOTHO-X0JOBOMY II€ PETBOPIOBAYi

V. Devi Priya, Anitha Mariyappan

Department of Electrical Engineering, Annamalai University, Chidambaram, India

MikpocrcremMa IIOCTIIHOrO CTPyMy Ha OCHOBI BIJHOBJIIOBAHOI €Hepril IIATPUMYE IOTIK eJIEKTPOeHepril
TOCTIAHOTO CTPYMY JJIsT TOOYTOBMX 1 MIPOMUCJIOBHUX ITijied. Hampyra mocTiifHoro crpymy, OTpuMaHa Bif JKepesia,

peryJjoerbCcd 3a  JO0IIOMOI'OI0 CHJIOBHX

€JIEKTPOHHUX

meperBoproBauiB. Tark 3'aBuiiocs  yIpaBIliHHS

mepeTBopoOBaYeM. Y I[bOMY JOKYMEHTI 3BOPOTHO-IIOBOPOTHUN IIEPETBOPIOBAY MOJIEJIOETHCS JIJIST OTPUMAHHS
HOMIHAJIBHOTO PETYJIIOBAHHS HANPYrH 3 O0a’KAHOK0 BHXIJHOK HANPYrol 3 HAJIEKHAM pPOOOUYMM IIUKJIIOM
neperBopoBava. HeJriHiliHA crcTeMa MepeTBOPIOETHCA HA JIHIMHY 3a JOIIOMOIO METO/y KePYBaHHS IIOX1IHOI
OpexHi. ¥ Iiif TexHIIl BIJHOCHI 3HAYEHHS IETJII CTPYMy Ta IETJIl HAIPYTU JIHEApU3YIThCs, 1100 OTPUMATH
faskaHy BHUXIZHY HAIIpyTy Ha 3BOPOTHO-XOMOBOMY IIepeTBopioBaui. Taxmm uwmnHOM, y mopiBHauai 3 III-
PeryaaTopoM, IIPOIIOHOBAHUM KOHTPOJEpP M00pe BiAIOBigae IIepexXigHUM XapaKTEepPUCTHKAM €HEPrOCHCTEMH.

04007-5


https://doi.org/10.1109/TIE.2013.2290764
https://doi.org/10.1109/TIE.2013.2290764
https://doi.org/10.6113/JPE.2015.15.1.54
https://doi.org/10.1109/TPEL.2013.2256370
https://doi.org/10.1109/TPEL.2013.2256370
https://doi.org/10.1109/TPEL.2014.2315613
https://doi.org/10.1109/TPEL.2013.2248751
https://doi.org/10.1109/TIE.2012.2203769
https://doi.org/10.1109/TIE.2012.2203769
https://doi.org/10.1002/(SICI)1099-1115(199802)12:1%3c63::AID-ACS467%3e3.0.CO;2-%23
https://doi.org/10.1002/(SICI)1099-1115(199802)12:1%3c63::AID-ACS467%3e3.0.CO;2-%23

V. DEVI PRIYA, A. MARIYAPPAN J. NANO- ELECTRON. PHYS. 16, 04007 (2024)

[linBunryBasbHUN IIEPETBOPIOBAY, PO3POOIEHUH B ICHYIOYOMY, MOJEJIIOBABCS 3 HU3BKUM JIala30HOM BHXIJTHOTO
CHUTHAJIy, ajle B 3BOPOTHOMY II€PETBOPIOBAYI BU3HAYEHA 3JATHICTH [OCATATH PEryJIIOBAHHS HANPYTU B
MIKpPOMEpEsKl HOCTIMHOrO CTPYyMY 31 3MIHHOIO IHIYKTHBHICTIO Ta €MHICTIO. Pe3ybraT MoIeIloBaAHHS ITOKa3ye, 10
3MOJIeJIbOBAHMI 3BOPOTHO-IIOBOPOTHUI IIEPETBOPIOBAY IIPAIlIOE J00pe Ta ToYHO mopiBHAHO 3 PI-komTposepom i3
PI3HHIIEI0 Yacy BCTAHOBJIEHHS AWHAMIKK HAIIPYTHW B CHCTEMI MIKpoOMepeskl mocTiiHoro crpymy 85 c. Cridikmit
cTaH 1 IIepexilHa XapaKTePUCTHKA CHUCTEMU OIIIHIOETHCA ILIAXOM MOPIBHAHHA MojaeaoBaHHA Pl Ta
3aIPOIIOHOBAHOTO KOHTPOJIEPA, 1110 BUKOPHUCTOBYETHCSA B CHCTEMI Iepeadl eJIEKTPOeHePTril B peaslbHOMY Yacl JIJIst
3MEHITIeHHS BTPAT MOTY/KHOCTI Ha IPUAMAJIBHIHM CTOPOHI.

Knrouori ciora: 3Boporuumii meperBopioBau, Kepysamus moximguono JIi, PerymoBauus mampyru, Ilepeximua

xapakrepucTuka, Mikpomepeska tocriiiHoro crpymy, CuioBi eseKTpoHHI mepeTBOpioBavi, BimHOBIOBaHA
eHepris.
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