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Abstract

Objectives. A DC/DC converter based on SEPIC topology is a unipolar electronic device which converts an input
positive voltage into a stabilized output voltage of the same polarity. It also has the ability to regulate polarity both
below and above the input voltage. The aim of the paper is to analyze the DC/DC converter in its both operation
phases, as well as to draw up equivalent circuits and obtain characterizing differential equations using Kirchhoff’s
rules for each phase. Each system of differential equations is reduced to Cauchy equations, in order to be further
transformed into a limiting continuous mathematical model. Each system of equations is converted into a matrix form
and subsequently combined into a single matrix system.

Methods. The construction of a limiting continuous mathematical model was accomplished using Kirchhoff’s rules.
Multisim software was used for the computer simulation, thus enabling the calculated results of direct currents and
voltages to be compared to those of the simulation.

Results. Results show that the phase coordinates of the mathematical model tend towards the values of real currents
and voltages of the converter at a switching frequency higher than 200 kHz. Fairly good agreement is established
between the calculated values of currents and voltages and the values obtained by simulation (with varying fill factor
and switching frequency).

Conclusions. The resulting limiting continuous mathematical model of the DC/DC converter based on SEPIC
topology allows for an estimation of the dependence of the currents flowing through the inductor windings and
the voltages across the capacitors on a number of parameters. The limiting continuous mathematical model of the
DC/DC converter based on SEPIC topology is the basis for its circuit design and physical-and-mathematical analysis.

Keywords: DC/DC converter, buck-boost converter, equivalent circuit, SEPIC topology, limiting continuous
mathematical model, Kirchhoff’s rules, system of differential equations, Cauchy form, simulation

e Submitted: 09.04.2023 ¢ Revised: 06.05.2023 ¢ Accepted: 31.11.2023

For citation: Lavrenov A.l., Bityukov V.K. Mathematical model of a DC/DC converter based on SEPIC topology. Russ.
Technol. J. 2024;12(1):69-79. https://doi.org/10.32362/2500-316X-2024-12-1-69-79

Financial disclosure: The authors have no a financial or property interest in any material or method mentioned.

The authors declare no conflicts of interest.

© A.l. Lavrenov, V.K. Bityukov, 2024
69


https://doi.org/10.32362/2500-316X-2024-12-1-69-79
mailto:lavrenov@mirea.ru
https://doi.org/10.32362/2500-316X-2024-12-1-69-79

Mathematical model of a DC/DC converter
based on SEPIC topology

Aleksey |. Lavrenov,
Viadimir K. Bityukov

HAYYHAA CTATbA

Maremaruueckas moaeab DC/DC-nipeodOpa3oBareis,
MOCTPOEeHHOro mo Tonosoruu SEPIC

A.WN. NlaBpeHos @,
B.K. BuTtiokoB

MUP3A — Poccumickuni TexHosorn4eckmni yamsepceutet, Mocksa, 119454 Poccus
@ AsTOp An151 nepenvicku, e-mail: lavrenov@mirea.ru

Pe3iome

Lenu. DC/DC-npeobpasoBaTtesib, NOCTPOEHHbIN no Tononornn SEPIC, aBnSeTcs YHUMOMSAPHbIM 3NIEKTPOHHbIM
YCTPOWCTBOM, KOTOpOe obecneyrBaeT npeobpa3oBaHe BXOAHOrO MOJIOXKUTENBHOIO HanpsXeHns B CTabunmanpo-
BaHHOE BbIXOHOE HAMpPsKEHWE TOM Xe MONSPHOCTY C BO3MOXHOCTbLIO €ro PerynmpoBaHns Kak HUXE BXOOHOMO Hanpsi-
XeHus, Tak 1 Bbiwe. Llenb ctatbn — BbiNONHUTL aHanma DC/DC-npeobpa3oBartens B 06enx dasax ero pabotsbl. Ans
Kaxkaom n3 a3 HeoBX0AMMO COCTaBUTb SKBMBAJIEHTHbLIE CXEMbI U MONY4UTb XapakTepusnpyoLwme anddepeHumanb-
Hble ypaBHeHMUs ¢ nomMoLLbio npasun Kupxroda. Kaxayio cuctemy anddepeHLumanbHbiX YPaBHEHUI HY>KHO NPUBECTU
k Buay Kowwm ansa pansHenwero npeobpa3oBaHms B NpeaesibHy0 HEMPEPbIBHYIO MaTeEMaTMYECKYIO MOAESb, @ KaXOyo
CUCTEMY YpaBHEHUI Npeobpa3oBaTh B MATPUYHbIN BUA, U BNOCNEACTBUM 0ObeAVMHUTL B €AMHYI0 MaTPUYHYIO CUCTEMY.
MeToabl. 3aaa4a NOCTPOEHUS NPeaesibHON HEeMpPepbIBHOM MaTeMaTUYEeCKON MOAENN peLleHa ¢ UCMNOoIb30BaHUEM
npasun Kupxroda. [na KOMNbIOTEPHOrO MOAENMPOBaHUSA Gblia NpMMeHeHa nporpamma Multisim. 9To no3Bonnno
COMOCTaBUTb Pe3y/bTaThl pacyeTa NOCTOAHHbLIX TOKOB U HAMPSXXEHNA 1 MOLENNPOBAHUS.

Pe3ynbTathl. [TokazaHo, 4To Ha3oBble KOOPAMHATL MAaTEMATUYECKO MOLENN CTPEMSATCS K 3HAYEHUAM peasibHbIX
TOKOB M HanpshkeHunin npeobpas3oBaTtens Npu 4acToTe KOMMyTauum CUnoBoro kitoda 6onee 200 kM. YCTaHOBNEHO
[0CTaTO4YHO XOpOLLlee COOTBETCTBME PACHETHbIX 3HAYEHUIN TOKOB U HAMPSXKEHUI U UX 3HAYEHUIA, NOJTYHEHHbIX C MO-
MOLLLbIO MOAENMPOBaHUS (Npu Bapmaunm KoOadduLmMmeHTa 3anoTHEHUS 1 YaCTOTbl KOMMYTaLMK).

BbiBoAbl. [NonyyeHHas npenenbHasa HenpepbiBHas matemaTtnyeckas moaens DC/DC-npeobpasoBartensi, NOCTPO-
eHHoro no tonosorum SEPIC, Nn03BONSET OLUEHUTL 3aBUCUMOCTb TOKOB, MPOTEKAOLLMX Yepe3 0OMOTKM APOCCENEN,
M HanpsikeHusi Ha KOHAeHcaTopax OT psaa napameTpoB. lNpeaenbHas HenpepbiBHas mMaTeMartuyeckas MoAesb
DC/DC-npeobpasoBaTtenst, nocTpoeHHoro no tononorum SEPIC, aBnsetca 6a30i ero CXeMOTEXHUYECKOro NpoeK-
TUPOBAHUSA N GUINKO-MATEMATNYECKOrO aHaNn3a.

KnioueBble cnoea. DC/DC-npeobpa3oBaTesib, NMOHMXaOLLE-MOBbILIAWMI Npeobpa3oBaTesb, 9KBMBANIEHTHAs
cxema, Tononorusa SEPIC, npegenbHasa HenpepbiBHAA MateMaTudeckas Mogenb, npaesmna Knpxroda, cuctema andpde-
peHuuanbHbIX ypasHeHun, dopma Kowwu, mogennposaHmne

¢ Moctynuna: 09.04.2023 ¢ flopab6oTaHa: 06.05.2023 ¢ MpuHaTa kK ony6nukoBaHmio: 31.11.2023

Ans uutuposBanus: JlaspeHos A.U., Butiokos B.K. MaTtemaTtuyeckas mogens DC/DC-npeobpa3oBarersi, TOCTPOEHHO-
ro no tononorum SEPIC. Russ. Technol. J. 2024;12(1):69-79. https://doi.org/10.32362/2500-316X-2024-12-1-69-79

Mpo3spayHocTb hMHAHCOBOWM AeATENbHOCTU: ABTOPbI HE UMEIOT PUHAHCOBOM 3aMHTEPECOBAHHOCTM B MPEACTaB/IEH-
HbIX Marepuanax unm MeToaax.

ABTOpbI 3aBASIOT 06 OTCYTCTBUM KOHMIMKTA MHTEPECOB.

INTRODUCTION medicine and space technology. The primary energy
sources in these arcas are lithium-ion batteries,
rechargeable batteries, fuel cells, solar cells, and
others [1-3]. Each of these power sources generates

a voltage which is highly time-varying, hence the need

A feature of the construction of a modern radio-
electronic device is the transition from mains power
to autonomous power supply. This is characteristic of

knowledge-intensive devices in many spheres of life
such as communication devices, personal computers,
measuring devices, and others. Autonomous devices
are traditionally used in broad applications in aviation,

for DC/DC converters in power supply devices [4]. Most
DC/DC converters offered by electronic component
manufacturers are either step-up, step-down, or polar-
inverting. Only a small number combine the functions of
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increasing and decreasing output voltage relative to the
input voltage and its stabilization [5, 6].

Efficient buck-boost DC/DC converters are
devices built according to SEPIC, Cuck, and Zeta
topologies [7]. The high efficiency rate of converters
and the stability of their output voltage, as well as the
need for small mass-size parameters predetermine the
strict requirements for the design of such converters.
An integrated approach to design may be achieved
by applying the limiting continuous mathematical
model (LCM) of DC/DC converter, circuit simulation,
and experimental study.

The mathematical derivation and description of
the technology of building LCM with periodic high-
frequency structure change are presented in [8, 9].
In [10-12], examples of using this technology on basic
step-up, step-down, and inverting converters, as well
as the analysis of their LCMs are given. In [13, 14],
the LCM of a buck-boost converter based on Cuck
topology is indicated. The limiting continuous models
under consideration here are systems whose phase
trajectories are continuous, i.e. characteristic of real
technical devices. The limiting nature of the system
consists in the fact that when the period decreases,
the accuracy of the phase trajectories of the system
describes the properties of the modeled object to
a greater extent.

The first developed and investigated LCM for Zeta
DC/DC converter is proposed in [15, 16]. Analytical
equations which determine and analyze Zeta converter
ripples are presented in [17].

Unfortunately, a LCM for SEPIC converter has not
yet been developed, so the aim of the paper is to develop
and investigate this.

CIRCUIT ENGINEERING

The SEPIC, Cuck, and Zeta topologies of buck-boost
DC/DC converters are accomplished almost using the
same electronic component base. However, they have
their own features due to differences in switching [18].

In the operation of SEPIC DC/DC converters
(Fig. 1), as well as in other converters, there are two
phases of operation traditionally determined by the state
of the power transistor VT1 [19].

The first phase of the SEPIC converter operation
is accomplished with transistor VT1 fully open. This
is referred to as the accumulation phase. In this phase,
energy is accumulated in the magnetic field of inductors
L1 and L2, with inductor L1 accumulating energy in the
form of an electromagnetic field from the input current
flowing through the inductor winding, and inductor
L2 accumulating energy from the voltage across
capacitor C1. During this phase, capacitor C2 discharges
to the load, thus forming the output voltage U, .

L1 C1 VD1

~ [ |
+?J, + - +11 A1 Uyt

(=) (h)
. |- (+) + A
i VT | L —=C2 oad
_ +(-)

o— _Uout

Fig. 1. Schematic circuit diagram of a buck-boost
DC/DC converter based on SEPIC topology.
U,, is the converter input voltage, R, is the resistance.
Here and in the following figures, the designations
of circuit elements correspond to the designations
adopted in GOST 2.710-81"

The second phase of the SEPIC converter operation
is accomplished with the power transistor VT1 closed
and is referred to as the discharge phase. The energy
accumulated in the magnetic field of inductors L1 and
L2 is used for charging capacitors C1 and C2.

MATHEMATICAL MODEL

Developing LCM for SEPIC converter requires
describing each phase of the converter operation in terms
of systems of differential equations in Cauchy form.
It would be reasonable also to use Kirchhoft’s rules to
write these systems of equations. In order for the circuit
equations of each phase of DC/DC converter operation
to integrate alternating currents flowing through the
windings of inductors L1 and L2, the inductors need to
be represented in the form of series connected resistors
R1 and R2 characterizing the ohmic resistance of the
inductors and inductances L1 and L2.

The equivalent circuit of the first phase of the
converter operation is shown in Fig. 2. Here the input
power supply is labeled as E, while the inductors are
represented as equivalent circuits. As can be seen from
Fig. 2, all nodes of the circuit are connected to each
other by conductors only, so they can be combined into
one node.

R1 L1 C1
1

[ s

— C2 I:] Rioad

4 Y

Fig. 2. Equivalent circuit of SEPIC converter operating
in the energy accumulation phase

The equivalent circuit of the second phase of the
converter operation is shown in Fig. 3, demonstrating

I GOST 2.710-81. Interstate Standard. Unified system for
design documentation. Alpha-numerical designations in electrical
diagrams. Moscow: Izd. Standartov; 1985 (in Russ.).
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that nodes /, 3 and 2, 4 are also connected to each other
by conductors only. They can thus be combined into
two nodes in pairs. It would be reasonable to combine
the nodes in the circuits shown in Figs. 2 and 3, and
designate contours on them (Figs. 4 and 5). Using the
contours and nodes shown in Figs. 4 and 5, the equations
of currents and voltages based on Kirchhoft’s laws can
be written.

C1
11 1 3
+ 1= +Uout
R2
+
| B _:: C2 [] Rioad
| L2
2 A 4 _Uout

Fig. 3. Equivalent circuit of SEPIC converter operating
in the energy transfer phase

First phase

The circuit shown in Fig. 4 has three branches and
one node. Therefore, according to Kirchhoff’s laws,
the system of differential equations describing the first
phase of DC/DC converter operation consists of three
equations based on Kirchhoff’s second law.

For circuits K1, K2, and K3 (Fig. 4), the following
voltage equations can be written:

U =i, + L 211, (1)
m dt

0=—uc) —nrjip, — L i 2

0= Rloadiload U (3 )

where L, and L, are inductances of inductors; i; ; and
i, are currents flowing through the windings of
inductors L1 and L2; r, and r, are ohmic resistances
of inductor windings L1 and L2; u, and u., are
voltages on capacitors Cl and C2; and i, is current
flowing through the load with resistance R, , ; U, is the
converter input voltage.

For the first phase, the currents flowing through
capacitors C1 and C2 are defined by the following
formulas:

] ducy
iy =G df ) 4)
du
. C2
Hoad = C2 dt > (5)

where C| and C, are capacitance of capacitors.

di di
By expressing % from Eq. (1), % from Eq. (2),

duc1

dt
form are obtained. Substituting the load current from

duc,

and from Eq. (4), the first three equations in Cauchy

Eq. (5) into Eq. (3), we express , thereby obtaining

another equation in Cauchy form, as follows:

diyy Uy 1
e L L
di; , =—Lu _h ;
7 LT
P (6)
ey _ 1.
¢
duc, 1
At R Cp
load™~2

Thus, Egs. (6) form a system of differential equations
in Cauchy form (6) describing the first phase of the
SEPIC DC/DC converter operation.

Rt L1 .

Fig. 4. Contours on the SEPIC converter circuit operating
in the energy accumulation phase

Second phase

The circuit shown in Fig. 5 has four branches and
two nodes. Therefore, according to Kirchhoff’s rules, the
system of differential equations describing the second
phase of the converter consists of one equation based
on Kirchhoff’s first rule, and three equations based on
the second rule. For node /, the following equation of
currents can be written:

load = 11 T2 — co- (7

For circuits K1, K2, and K3, voltage equations in the
following form can be written:

di di
U =i + L —2 —u =iy 5 — L, —E2 (8
in =i T4 g da Tl T (8)
di
0=_ucz+r2iL2+L2_d];27 9)
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0= ~Rivadlioad T ¥c2- (10)

For the second phase, equations for the currents
flowing through capacitors C1 and C2 are determined
by the following formulas:

) du

-y =G (1)
) du

-y =Gy dfz : (12)

di
Expressing d_Lt2 from Eq. (9) and substituting it
into Eq. (8), the first two equations in Cauchy form can

du
be obtained. Expressing TCI from Eq. (12) and

substituting 7, ., from Eq. (7) into Eq. (10), two more
equations in Cauchy form are obtained, as follows:

di U. 7
A :i__liLl +iuC1 +LuC2’

a L LML
T _ L”cz -Li,

dt L, L, o)
duc, _ —ii

a ¢
du 1 1 1

2 . -
=Tl T et Uco-
dt G, G, Ri0adCa

Thus, Egs. (13) form a system of differential
equations in Cauchy form which describe the second
phase of the SEPIC DC/DC converter operation.

R1 L1 . C1

Fig. 5. Circuits on the SEPIC converter circuit operating
in the energy transfer phase

TRANSFORMING SYSTEMS
OF DIFFERENTIAL EQUATIONS IN CAUCHY
FORM INTO MATRIX FORM TO OBTAIN
A GENERALIZED MATRIX SYSTEM

For the convenient transformation of systems of
differential Egs. (6) and (13) into the generalized LCM,
it would be reasonable to represent them in the form of
coefficient matrices. These are multiplied by a matrix
with variables in the form of currents and voltages: the

so-called matrix X of the system phase coordinates.
Therefore, each phase of the converter operation can be
represented in the following form:

Iy
i
X = L2 ,
Ucy (14)
Ucy
ﬁz AX+BU,

dt

where A is the coefficient matrix of phase coordinates,
U is the external power supply, B is the coefficient matrix
of the external source, and ¢ is time.

After transformation of systems of differential
Egs. (6) and (13) into coefficient matrices A, B, and
A,, B,, the following is obtained:

Aoy o 0
L
0 —Zi —LL 0
A= 12 2 . (15)
0 — 0 0
Cl
0o 0 0 !
L RloadCZ_
n, 1]
I L oL
0 —2—2 0 Li
o P ae
— 0 0 0
Cl
R S 1
L CZ C2 RloadCZ_
o
L,
B, =| 0 |, (17)
0
_0_
1
L
B,=| 0 |, (18)
0
_O_
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where A, and A, are the coefficient matrices of the
phase coordinates of the first and second phase,
respectively, while B, and B, are the coefficient
matrices of the external source of the first and second
phase, respectively.

The duration of the first phase of the converter
operation is determined by fill factor D and is equal
to DT, while the duration of the second phase is equal
to (1 — D)T, where T'is the switching period of the power
switch VT1. Therefore, matrix A can be represented as
A,D + A)(1 — D), while matrix B can be represented
as B;D + B,(1 — D). It would thus be reasonable to
combine matrices (15)—(18) into a generalized system,
as follows:

%: (A;D+A,(1-D)X +
+ (B,D+B,(1-D))U = AX + BU.

Then matrices A and B can be written in the
following form:

i, =D 1-D
L L
0 _nh _D 1D
L L L
Ao D2 2 S
= = 0 0
G G
_l—D _1—D 1
L G G Ri0ad 2 |
B= (20)

Thus, the system of equations (14), (19), and (20)
is the LCM for the DC/DC converter based on SEPIC

topology.
ANALYSIS OF THELCM

It would be advisable to start LCM analysis by
defining DC currents and voltages. The voltages and
currents of a real device are the sum of constant and
variable components. In order to simplify the circuit
analysis, it would be advisable to study the considered
device in a steady state when the transient process is over.
In this case, constant values of currents and voltages do
not depend on time. This allows the LCM for the steady
state to be written in the following form:

1-D 1-D 1

— It Ucp + Ucy _L_Um’
LM I 1

r D 1-D
N ILZ_L_UC1+_UC2_O’

2 2

21

1-D D

1-D 1-D 1
c, v e TG
2 2 load~2

Ue, =0,

where I |, I} , are constant currents flowing through the
windings of inductors L1 and L2, respectively; U,
U, are constant voltages on capacitors Cl and C2,
respectively. Solving the system of equations (21), the
following formulas for determining the constant currents
and voltages can be obtained:

I, =
) _UinD2 (22)
(D2 —2D+ 1)7‘2 + D2r1 + (2RloadD - RloadD2 - Rload) ’
Iy =
2
UinD B UinD (23)

(D2 -2D+ 1)r2 + D2 + (2R, 0qD ~ RigagD? ~ Rigag)
Uar =
_ (_UinD +U, in)”z + (ZRloadU inD = RigaqUin D* = RloadUin) (24)
(02 —2D+ 1)r2 + D% + (2RloadD ~ Ry ,qD* - Rload)

H

Uea =
2
RloadUinD ~ RloadUinD (25)

(D2 —2D+1)r2 +D2r1 +(leoadD_RloadD2 _Rload).

These equations can be substantially simplified by
assuming that ohmic resistances | and r, of the inductor
windings L1 and L2 are zero. Then Egs. (22)—(25) can
be written in the following form:

2
L 26
L1 3 , (26)

(D_l) Rload

U. D
I, =—10 27
b2 (I_D)Rload .
Ucr =Vin> (28)

U.D
i (29)

2 (1 _D)Rload '

Equations (22)—(25) are the basis for designing the
DC/DC converter based on SEPIC topology and allow
the calculation of constant currents /; ; and / , flowing
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I: 366 mA V:12.0V I: 1283 mA V:11.7V
I(p-p): 221 mA V(p-p): 15.4 mV I(p-p): 221 mA V(p-p): 24.6 mV
I(rms): 270 mA V(rms): 12.0V I(rms): 243 mA V(rms): 11.7V
I(dc): 262 mA V(dc): 12.0V I(dc): 234 mA V(dc): 11.7V
I(frequency): 500 kHz Frequency: 500 kHz I(frequency): 500 kHz Fre_quency: 500 kHz
5 Vel C1 y VD1 Yo Ve2
R L1 V) Hpef2 7, O Ret2 > [-IRef1
— L F——
55 uH "
1Q 16 uF
|I2®
®
aml R2
1Q
1w c2 Rioad
=" VT L0 []500
T IRLZ44N L2
55 uH

Ref1

Fig. 6. Simulation circuit of the DC/DC converter based on SEPIC topology

through the windings of inductors L1 and L2, as well
as voltages U, and U, on capacitors Cl and C2.
Equations (26)—(29) are required for estimating the
converter.

SIMULATION IN MULTISIM

The simulation circuit for the DC/DC converter
based on SEPIC topology is shown in Fig. 6. Electronic
elements are selected from Multisim database.’
MOSFET IRLZ44N (International Rectifier, USA) is
selected as power switch VT1. This transistor has been
previously investigated in static and dynamic modes and
has been compared with data from Datasheet [20, 21].
The analysis results show that the IRLZ44N transistor
model in Multisim environment corresponds to the
characteristics given in Datasheet.

The power supply is represented as the element of
constant voltage V1. Modulation of the power switch
VT1 is accomplished by pulse width modulation signal
generator V2. The constant components of currents and
voltages are measured by samples on the circuit in the
DC mode. It should be noted that the measurements
are carried out 3-5 ms after the start of simulation,
thus enabling the currents and voltages in the steady
state of the DC/DC converter under consideration to be
measured.

The dependence plots of constant currents and
voltages on fill factor D are shown in Figs. 7 and 8.
There is an obvious correlation between calculated

2 https://www.ni.com/en/support/downloads/software-
products/download.multisim.html#452133. Accessed April 09, 2023.

values obtained using LCM and the values obtained by
simulation within the range of fill factor D changing from
0.3 to 0.7. It is worth noting that at fill factor D around
0.5, the best coincidence between calculated values and
those obtained in simulation is observed.

I, A

L

0

0.2 0.3 0.4 0.5 0.6 0.7 D
Fig. 7. Effect of the fill factor on currents flowing through

the windings of inductors L1and L2: 7,y and 7, are
calculation; 2, 4 and 2, are simulation

U, V

1eo
40 1 N
30 1

20 -

10 4

0

0.2 0.3 0.4 0.5 0.6 0.7 D

Fig. 8. Effect of fill factor on voltages on capacitors
C1and C2: 1, and 1., are calculation;
24 and 2, are simulation
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At fill factor D=0.5, the difference between calculated
values and simulation results for currents flowing through
inductor windings is 12 and 16 mA, with calculated value
I, and I} , equal to 250 mA. For capacitor C2 voltage,
the difference between calculated values and simulation
results is 0.8 V with a calculated value U, equal to 12.5 V.
The calculated voltage value U, = 12.0 V coincides with
the voltage obtained in simulation.

The difference between the calculated value and the value
obtained in simulation for current / | at fill factor D = 0.3 is
11 mA, while at D = 0.7 it amounts to 0.2 A. The calculated
current values 7, are 45 mA and 1.5 A, respectively.
Similarly, it may be noted that the difference of current /; , is
2mAat D=0.3 and 135 mA at D=0.7 for calculated current
I} , equal to 105 mA and 643 mA, respectively.

The difference between the calculated and simulated
voltage values Ui, is 0.16 V at D = 0.3 and 1.65 V
at D = 0.7, with the calculated value of DC voltage
Uy, varying from 11.94 V at D = 0.3 to 12.85 V at
D=0.7. A similar dependence is also characteristic of the
DC voltage U,. This difference is 0.13 V at calculated
value U, equal to 5.27'V, and 6.75 V at calculated value
U, equal to 32.1 V for D=0.3 and D = 0.7, respectively.

Similar dependences of calculated and simulated
currents and voltages are characteristic of LCM for the
DC/DC converter based on Zeta topology [15-17]. The
dependences of currents /; |, I; , and voltages U, U, on
frequency also have a similarity: the calculated values
begin to correspond to the values obtained in simulation
at switching frequency f of the power switch VT1 above
200 kHz only. In addition, the graphs of calculated and
simulation values intersect each other in the neighborhood
of fill factor D = 0.5. When the fill factor increases or
decreases, the difference between the values increases.

The graphs presented in Figs. 9 and 10 show that when
switching frequency f of the power transistor increases,
the values of DC currents and voltages described by LCM
tend towards corresponding values of DC currents and
voltages obtained in simulation (as described in [15-17]).
This illustrates the limitation of the mathematical model
for the DC/DC converter based on SEPIC topology.
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Fig. 9. Effect of switching frequency on currents flowing
through the windings of the first and the second inductor
at fill factor equal to 0.5: 7 is calculation;

2,4 and 2, are simulation
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Fig. 10. Effect of switching frequency on voltages
on the first and second capacitor at fill factor equal to 0.5:
14 and 1, are calculation; 2,4 and 2, are simulation

CONCLUSIONS

This is the first time that the LCM of the unipolar
DC/DC converter based on SEPIC topology has been
obtained. The analysis results of the equivalent circuits
of the considered converter for both operation phases are
given. Kirchhoff’s rules were used to obtain differential
equations for algebraic sums of currents and voltages in
the device describing changes in the input power supply
current, currents flowing through the windings of inductors
L1 and L2, and voltages on capacitors C1 and C2.

The systems of differential equations in Cauchy
form written for each phase of converter operation are
transformed into coefficient matrices. This allows for
the limit continuous mathematical model for DC/DC
converter to be formulated. The mathematical model is
used to obtain equations for calculating constant currents
flowing through the inductor windings and the voltages
on capacitors in the converter steady-state operation.

Calculation results using the obtained limit
continuous mathematical model are compared with
those obtained in the DC/DC converter simulation.
Current values /; ; obtained in simulation differ from
the calculated value in the range from 11 mA to 0.2 A.
These correspond to the percentage value of 13-24%.
Similarly, for current /; ,, the values range from 2 to
135 mA, that in percentage terms corresponds to a range
of 2-20%. A similar pattern is characteristic of voltages
Uc, and U,. The voltages deviate from the calculated
value from 0.16 to 1.65 V for U, and from 0.13 to
6.74 V for U,-,. These ranges correspond to deviations
of 1-13% for U, and 3-20% for U-,. In addition, it is
shown that at switching frequencies of the power switch
VTI1 greater than 200 kHz, there are small differences
between calculated values and those obtained in
simulation.

The LCM for the DC/DC converter based on SEPIC
topology is the basis for its circuit design and physico-
mathematical analysis.
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