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Abstract

Objectives. The work set out to develop a new design method for DC/DC converters based on the Zeta topology
to calculate theratings of inductors and capacitors of the Zeta converter with magnetically coupled inductors and verify
the accuracy of the ultimate continuous mathematical model and design method based on it using SPICE simulation
in the Multisim computer-aided design (CAD) system.

Methods. The proposed method analyzes an ultimate continuous mathematical model to calculate the ratings
of coupled inductors and capacitors of the converter.

Results. The simulation of the Zeta converter with coupled inductors was carried out using the Multisim CAD system,
during which the load and transfer characteristics of the converter were obtained. These characteristics show the
dependencies of the currents flowing through the coupled inductors and voltages across the capacitors on the
input voltage, as well as the dependence of the output voltage on the load current. The presented design method
is shown to be accurate and in full agreement with the simulation results. A correlation between the transfer and
load characteristics of currents and voltages obtained by simulation and calculation is established. The differences
between the values calculated using the ultimate continuous mathematical model and the results of simulation in the
Multisim CAD system are comparable to measurement errors.

Conclusions. The proposed design method is used calculate element ratings for the Zeta topology both with and
without taking the inductive coupling into account. The method can also be used to calculate the steady-state values
and ripple currents of the inductors and voltages across the capacitors. The design method for DC/DC converters
presented in the paper can be used for both preliminary evaluation calculations and more detailed calculations,
including analysis of the device operation under various input voltages and load resistances.
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HAYYHAA CTATbA

Meton npoektuposanusa DC/DC-npeoOpa3oBarelien,
IMOCTPOEHHBIX M0 Zeta-TomoJ0ruu

B.K. buTtiokos,
A.WN. NaBpeHos ©

MUP3A — Poccuiicknii TexHO/I0rn4ecknii yamsepeutet, Mocksa, 119454 Poccus
@ AsTOp ANs nepenvcku, e-mail: lavrenov@mirea.ru

Pesiome

Llenu. Llenn paboTtbl — pa3paboTka HOBOro Metoaa npoektupoBaHus DC/DC-npeobpa3oBaTtesieil, MOCTPOEHHbIX
no Tonosornu Zeta ¢ BO3MOXHbIM y4E€TOM MarHUTHOM CBA3M APOCCENEN, NPOBEAEHME PACYETOB MO NPEASIOXKEHHOM
METOAMKE HOMUHANOB APOCCENEN 1 KOHAEHCATOPOB Zeta-npeobpasoBartenst C MHAYKTMBHO CBA3aHHbIMU APOCCEe-
NIIMU 1 NpoBepka JOCTOBEPHOCTUN NpeaesibHON HEMPEPBLIBHOM MaTeMaTUYEeCKOM MOAENN U METOLA NPOEKTUPOBA-
HUS, OCHOBAHHOIO Ha HeN, ¢ nomoLbio SPICE-MooennpoBaHns B CUCTEME aBTOMATU3MPOBAHHOIO NPOEKTMPOBa-
Husa Multisim.

MeTopbl. [ocTaBneHHbIE 334241 PELLEHbBI MPY MOMOLLM aHANIMTUYECKOrO aHanm3a NpeaenbHON HENPepPbLIBHOM Ma-
TemaTtunyeckoi mogenu. NpennoxeHHbIM METOLOM BbINOJIHEH PacYeT HOMUHANOB CBSI3AHHbIX POCCENEN U KOHAEH-
caTopoB npeobpas3oBarens.

PeaynbTaTtbl. C NOMOLWWbIO CUCTEMBI aBTOMATU3VMPOBAHHOIO NPOEKTUpoBaHnsa Multisim npoBeaeHo Mogenmposa-
Hue Zeta-npeobpazoBaTenis Co CBA3aHHbIMU APOCCENSAMU, B XO4e KOTOPOro NoJly4eHbl Harpy30o4Hble 1 nepeaaToy-
Hble XapakTepUCTMKN NpeobpasoBaTtens, NnokasblBaloLme 3aBMCUMOCTIN TOKOB, MPOTEKAIOLLMX B CBA3AHHbIX APOC-
Censax, N HanpsXXeHui Ha KOHAeHcaTopax OT BXOLAHOIO HanpsiXeHWs, a Takxke 3aBUCUMOCTb BbIXOAHOMO HANpPsXeHWs
OT TOKa Harpysku. okasaHo, YTO NPenCcTaB/EHHbI METO, MPOEKTUPOBAHUS LLOCTOBEPEH M MOJIHOCTLIO COOTBET-
CTBYET pe3ynbTataM MOOENMPOBaHUS. YCTaHOBNIEHA KOPPENAUUS NEPEAATOYHbBIX U HArpy304HbIX XapakTepUCcTUK
TOKOB W HanpsbKEHWI, NOJIyHEHHbIX MOAENMPOBAHNEM N pacHeTHbIM nyTeM. OTANYMS PACCHUTAHHbBIX C MOMOLLbIO
npenenbHOM HEMPEPbLIBHOM MaTeMaTN4eCKOM MOLENN 3HAYEHNI OT Pe3yIbTaTOB MOAEIMPOBAHNS B CUCTEME aBTO-
MaTU3NPOBAHHOIO NPOEKTUPOBaHMA Multisim cONOCTaBUMbI C NOrPELLUHOCTLIO U3SMEPEHMIA.

BoiBoAbl. [1peaioxXeHHbIi METOA, MPOEKTUPOBAHWS MO3BOJIIET PACCHNTATb HOMUHASbI IEMEHTOB Zeta-Tononorum
KaK C y4eTOM MHOYKTUBHOW CBS3M Apocceneit, Tak n 6e3 Hero. Kpome Toro, ¢ noMoLLblo JaHHOMO MeTo4a BO3MOXHO
paccuyMTaTb NOCTOSIHHbIE 3HAYEHWS U NyJbCaLLMM TOKOB APOCCENEN U HaNPsXKEHUI Ha KoHAeHcaTopax. MNpuBeneH-
Hbll B cTaTbe MeTof npoekTupoBaHus DC/DC-npeobpazoBarteneii MOXHO MCNONb30BaTb Kak A NpeaBapuTesib-
HOrO OLEHOYHOI0 pacyeTa, Tak 1 s 6onee feTanbHOro pacyeTa ¢ aHanM3om paboTbl YCTPONCTBA NPU PA3NINYHBIX
BXOZHbIX HAMPSXKEHUSX U CONPOTUBNEHUSAX HArPY3KMU.

KnioueBble cnoBa: DC/DC-npeobpasoBartesib, NOHMXaLLLEe-NoBbILIaWmi npeocbpa3oBartenb, Tononorus Zeta,

npepesibHaa HenpepbiBHad MatemMaTnieckada Mmoaesnb, MeTo NpoekTnpoBaHnd, MogeimpoBaHne

e MocTtynuna: 24.04.2024 » flopa6oTaHa: 28.08.2024 ¢ MpuHaATa k ony6nukosauuio: 03.12.2024

Ana untmpoeaHusa: butiokoB B.K., JlaBpeHoB A.W. Metoa npoekTupoBaHusa DC/DC-npeobpasoBaTeneni, nocTpo-
€HHbIX No Zeta-tononoruwn. Russian Technological Journal. 2025;13(1):59-67. https://doi.org/10.32362/2500-
316X-2025-13-1-59-67, https://elibrary.ru/APNAQO

Mpo3payHocTb hUHAHCOBOM AeATENIbHOCTU: ABTOPbI HE MMEIDT PUHAHCOBOI 3aMHTEPECOBAHHOCTN B MPEACTABNEH-
HbIX MaTepuanax uam MeToaax.

ABTOpPbI 3a1BASOT 06 OTCYTCTBMM KOHDIMKTA MHTEPECOB.
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INTRODUCTION

DC/DC converters of various topologies [1-3]
are used in space [4], aerospace [5], medical
equipment [6], and a wide range of mobile
devices [7, 8]. The general trend towards
miniaturization of DC/DC converters and autonomous
design of radio-electronic devices is driving the need
for new methods of DC/DC converter design. The
main difficulty in designing DC/DC converters for
such devices is associated with the typically low
voltages and absorbed currents. At currents below
0.5 A, the efficiency of the DC/DC converter starts
to drop sharply!, requiring a rigorous evaluation of
the device operation in different modes using more
advanced calculation methods [6, 7, 9-11].

The design of DC/DC converters is based on
appropriate mathematical models [11], as is the design
of any other radio-electronic device. They provide the
basis for a uniform methodical approach to developing,
designing and investigating devices. The method for
designing unipolar DC/DC converters built according
to the Zeta topology, taking into account the inductive
coupling of the inductors, is also based on such

amodel [12, 13].

1. DETERMINING THE RATINGS
OF ZETA CONVERTER RADIO ELEMENTS
WITH ALLOWANCE FOR MAGNETIC COUPLING
OF INDUCTORS

The circuit diagram of a DC/DC converter based
on the Zeta topology is shown in Fig. 1. It has two
inductors, two capacitors, an electronic key, typically
in the form of a field effect transistor, and a control
unit (CU) that determines the transistor mode [2].
The inductors L1 and L2 perform the function of
energy storage and transfer by electromagnetic
induction. The capacitor C1 is present in the circuit
to decouple the input and output of the converter. The
separating capacitor C1, which is sometimes referred
to as a “flying capacitor”, not only separates but also
stores and transfers energy. Capacitor C2 is the output
smoothing capacitor.

The method for calculating the Zeta converter taking
into account the magnetic coupling of the inductors is

based on the corresponding mathematical model [11-13].
The design of the Zeta converter on coupled inductors
significantly reduces the current ripple [14]. The
mathematical model is used to obtain expressions for
the constant and variable values of the inverter currents
and voltages. By analyzing the obtained expressions,
equations are derived to determine the rated electrical
values of the electric radio elements, ERE. The following
parameters are required for calculating the ERE ratings
of the DC/DC converter:

e constant output voltage U,;

e constant input voltage range from U, . to U, :
e switching period of the power switch 7;
e maximum ripple amplitudes of  voltages
Ucys Ue, and currents iy |, iy, are Auqy, Aug, A |,
and Aij , respectively;

e range of load resistance variation from R, . to
R, .ax (Or load currents from 7, . to [}, );
e coupling coefficient of inductors k.
VT1 C1 L2
——| = el
+UJ. 1*1 I (+). — +Uout
Uln
_l +(-) - (+)
2 2|
1oU3 ||_1 /8 vo1  —=co2 []Rl
s -(+)
o in ~Uout

Fig. 1. Circuit diagram of the buck-boost converter
based on the Zeta topology. Here and in the following
figures, the designations of the circuit elements
correspond to those adopted in GOST 2.710-81 12,
R, is load resistance, U,, is input voltage,

U, is output voltage

The optional parameters are the active winding
resistances of the coupled inductors L1 and L2, which
are r; and r,. The resistances »; and r, are taken into
account in the construction of the mathematical model
in order to clarify the calculation and to simplify the
derivation of the inductor current equations due to the
peculiarities in the construction of the limit continuous
mathematical models.

For the calculation, it is necessary to determine
the input voltage U, s with duty factor D, s equal to
0.5 and the minimum load resistance R, . using the
following equation:

! Datasheet TPS40200 Wide Input Range Non-Synchronous Voltage Mode Controller datasheet (Rev. G). Texas Instruments.

SLUS659G — FEBRUARY 2006-REVISED NOVEMBER 2014.

2 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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2
( UcaDis +2Ucy Dy 5 = Ucz) ~Ucy D5 575 = Ry g Ucy D s + 2R, Uy Do s = Ry o U

Uinos = (1)
in0.5 ’
Rl aVDOAS - Rl aVDO.S

Rl min * Rl max . .
where R, = — 5, i the average load resistance.

In addition, the minimum and maximum duty factors D_. and D, should be calculated using the following
equations:

b \/_(4U%2V1r2) ( RE iU max — 4R minUé2r1) ~2Ucon _(2R1 minUc2 + £y minUinmax) ®
min — >
“2Ucyry =20yt = (2R1 minUc2 + 2R minU;

nmax )

2 2 2 2
\/_(4Uczr1r2) + (Rl mininmin ~ 48 minUC2r1) ~2Ucyny - (2R1 minUca Ry minUinrnin)
Dmax = ° (3)
—2Ucyr = 2Ucyhi _(2R1 minUc2 + 2Ry minU; )

inmin

Since the calculation method is based on the limiting continuous mathematical model of the Zeta converter, the
largest discrepancy between the calculated values of the ripple amplitudes and the simulation result is observed at the
limits of the duty factor D, and D according to [15]. The highest agreement observed in the neighborhood of the
duty factor D is equal to 0.5. Therefore, it would be reasonable to calculate the converter ratings exactly at D = 0.5.
For this, it is necessary to obtain the analytical dependence between the maximum current and voltage ripples of the
converter and their ripples at D = 0.5. Thus, by taking into account (1)—(3), the equations for the conversion factors
ky 1> ki 55 ko and ki, can be derived. Obviously, the equations for calculating ripples A7} | and A , are the same [13],
so the coefficients &, | and k; , are also identical. It can therefore be further assumed that k; | = k; , = &; .

ky =
_ UlnmaxDmmT( c \)LILZ + LZ) + UmmaxDmmTrl (k \/LILZ +L2)
B L2L1 (kc _1)(kc +1) LZLI (kc 71)(kc +1)(( min 72D +1) +Dmmr1 +Rl maxDlim 72RI maxDmin +Rl max) (4)
~ Uin oAsDo.sT(kc\/Lle + Lz) N Ui 0A5D8.5Tr1 (kc\/Lle + Lz) ’
L2Ll (kc _1)(k° +1) L2L1 (kc _1)(kc +1)((D(%.5 _2D0.5 +l)r2 +D(%.5r1 +Rl max 0.5 2Rl max +Rl max)
Um mlanlaxT(Dmax B 1)
ko — Cl ((Drznax - 2l)max + 1)7’2 + Drnax 1 + Rl minDr%lax - 2Rl mianax + Rl min) (5)
Cl — 5
Ui ongsT(Dos _1)
G ((Dg.s —2D;s +1)’2 +Dg sty + Ry in D5 s = 2Ry i Do s + R, min)
ke =

Uinmz\xDminT2 (kc \ILILZ + Ll) Ulnmz\xDmmT2 ( \ LILZ + Ll)

8Cy Ly (k, —1)(k, +1) +8C2L1L2(kc—1)(kc+l)((DIiin—2Dmm+1) +D2 p+R D2 —2R D +R max) (6)

min 1 max ™~ min 1 max~"min

Uiy oAsDo.st(kc\/Lle +Ll) Ui 05005771 (kc\/Lle +Ll)

+
8oLy (ke =)k +1)  8CyILy (k, ~1)(k, +1)((D§ 5 ~2Dg s +1)r, + D 51 + R

Dfs-2R

1 max™0.5 1 max

DOAS +R1 max)

The above equations include the ERE ratings L1, L2, C1, and C2. Using the Simplify Mathcad function’, the
expressions (4)—(6) can be simplified to eliminate variables L,, L,, C;, and C,, thus obtaining equations that are

independent of the inductor and capacitor ratings. However, since the final equations for determining the coefficients
k; , k¢, and k¢, are quite extensive, they have not been included in the present paper.

3 https://www.mathcad.com/en. Accessed April 24, 2024.
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Using expressions (4)—(6), the equations for the ripple amplitudes of currents and voltages at the duty factor
D = 0.5 can be written as follows:

Ai Ai Auc Aug,

Ai =LL A =12 Ay = Au =
L1057~ 1205 =7 €105~ €205~

L L ci 1)

(7

The equations for calculating the ratings of the inductors L1, L2 and capacitors C1, C2 are as follows:

2 2 ;
((Do.s —2Dg5 +1)kcr2 + Dy sker + (Rl maxD0.s = 2R maxDos + R max) c)A’Lz 0svhls
+
Aip 1o ((Dg.s —2Dy 5+ 1)rz + D451 + Rimax D5 = 2Rimax Do s + By max)
2
(Uin 0.5D8.5 - 2Uin O.SDO‘S + Uin O.SDO.S )Tr2 (Rl maxUm 0.5 0 5 2Rl maxUln 0. SDO st Rl maxUm 0. SDO 5 )T

Aippos ((Do 52D +1)”2 + DGt + Ry nax Dis = 2R pmax D5 + Ry max)

®)

B

) ) :
((Do.s —2Dg 5+ 1)kc’”2 + D skeri + (Rl maxDos = 2R maXDO.S +R max)kc)AlLl 05vhls
+
Airs o5 ((Do s=2Dgs+ 1)rz + D357+ Ry max D s = 2R max Dos + Ry max)
3 ) 3 )
(Uin 05005 =2Uin 05055 +Uin 05005 )Trz + (Rl maxUin 0.5D0.5 = 2R 1axUin 0.5P05 + B maxUin 0.5P0.5 )T

: 2
AlLZ 0.5 ((DOS 2DOS +1)I"2 +D051"1 +Rl max 2Rl maxDOS +Rl max )

h =

)

B

_(Uin o.ng.sT(Do.s _1))

2 2 2 ’
Aucy g ((Do.s =2Dg 5 +1)ry + D35t + Ry in D s = 2R min Do + R min)

C = (10)

_(Uin 050057 (Do.s _1)2 (Vz R max)(kc\/EJle))

2
8Auc, osLiLy (ke —1)(k, + 1)((D0 5= 2Dgs5+ l)rz +Dg s + Ry pyax D55 = 2Ry nax Do s + Ry max)

= (1D

It follows from equations (8) and (9) that the ERE values for coupled inductors are also interdependent. While
obtaining the solution to this equation is analytically complicated, it can be taken into account that coupled inductors
usually have the same ratings and therefore the same ripple. With this in mind, the equations for determining L, and
L, can be written as follows:

(_(Uin 0505 )+ 2U; 05055 = Ui max Do s )Trz

L= +
P - 2 A P :

(1 _kc)((Do.s —2Dgs5+ 1)A’Ll 057t DysAiLyosi + (Rl min205 = 2R minLo.5 + Rimin )AlLl 0‘5)

(12)
)
((2R1 minUin 0.5D0.5 - Rl minUin 0. SD Rl manln 0. SDO 5 )T 2Un 0. 5 Trl)
+ )
(1 _kc)((Dg.s —2Dgs +1)AiL1 0.572 + Dg sAi 1 .7 +(R1 minD0.s = 2R min D05 + Ry min )AiLl 0.5)
L, =
3 )

(Uin 05085 = 2Uin 05055 + Uin maxDo’s )Trz + (Rl minYin 0.520.5 =281 minVin 05005 + BiminVin 050 0.5 )Tl (13)

(1- kc )((Do.s —2Dg 5+ 1)A’Lz 0.572 T Dy sAi 5 .57 (Rl minD0s = 2R minDo.5 + R min )A’Lz 0.5)
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Equations (12) and (13) differ only by a summand
—2U;, . SDS‘ 5T in the numerator in (12), which depends

on the equivalent resistance of the inductor L1. Therefore,
the ratings of L, and L, are approximately equivalent.

2. EXAMPLE CALCULATION OF
ZETA CONVERSION ERE VALUES

The initial parameters for the converter calculation
are as follows: k, =—0.99, U, = 12V, U, =17.5V,

in max

Uy min = 6.5 V, Aij | = 330 mA, Aij, = 330 mA,
Auqy =7 mV, Aug, = 1.9 mV, R .= 50 Ohm, and
R ..x = 100 Ohm. By calculating the input voltage
Ui, 05 the minimum and maximum duty factors
D, and D . using equations (1)~(3), we obtain

Uy o5 = 12.005 V, D . = 0407, and D, = 0.649.
Using the above parameters and taking into account
equation (7), we obtain k; = 1.185, k-, = 1.298, and
ke, = 1.186. Accordingly, the ripple amplitudes at duty
factor D = 0.5 are Aij | , s = 278 mA, Aij, , 5= 278 mA,
Aucios=5mV, and Aug, s = 1.6 mV.

After calculating the ratings of the elements
according to equations (10)—(13), we obtain L, =22 pHn,
L, =22 uHn, C, =44 uF, and C, = 44 uF.

3. VALIDATION OF CALCULATION RESULTS
IN THE MULTISIM* MODELING ENVIRONMENT

A SPICE simulation of a Zeta converter with inductively
coupled inductors is shown in Fig. 2, where T1 is a block
of coupled inductors, each rated at 22 pHn. The coupling

coefficient of the inductors is 0.99. This means that the
inductors are switched on against each other to suppress
current ripple. The resistors 7| and r, simulate the active
winding resistances of the coupled inductors, while C1 is
a “flying” capacitor, C2 is a smoothing output capacitor,
VT1 isapower key that allows the power part to be switched
at a given frequency, V1 and V2 are sources of constant
voltage and pulse width modulation voltage, and VD1 is an
ideal diode. In addition, there are also current and voltage
probes used to display current and voltage parameters.
Simulation results in transient analysis mode over
4 ms after onset are shown in Fig. 3. This shows the
shapes of the currents through the windings of the
inductors L1 and L2, as well as the voltages C, and
C, on the capacitors in stationary operation after the
transients have passed. It should be noted that maximum
and minimum U, voltages are midway between each
energy storage and transmission stage, as stated in [13].

LA U,V
044 I L 11.97
. ‘I‘ A .h‘/ [\ \ | =
0.3 1 ,
ozl P R/
0.1 , ‘ f : ! L 11.94
4.060 4.064 4.068 t,ms

Fig. 3. The graphs of currents and voltages
of the Zeta converter in steady state

1: -34.6 mA V:-12.0V
I(p-p): 710 MA V(p-p): 2.22 mV V:12.0V
I(rms): 211 mA V(rms): 12.0 V. V(p-p): 1.72mV
I(dc): 117 mA V(dc): -12.0V V(rms): 12.0V
I(Frequency): 500 kHz Frequency: 500 kHz V(dc): 12.0V
Frequency: 500 kHz
vVT1
® IRLZ44N U C1 c1 O
lin [F=]Ref1 1 Ref1 @ U C2
1 1
rt - 44pF
0.10Q
I: -16.2mA
V1 I_L1 q T1 I(p-p): 292 mA
——— I(rms): 149 mA
e 14V vD1 I(dc): 120 mA
I(Frequency): 500 kHz Cz R|
' —44pF [ 100Q
1:18.5 mA r2 @ I L3
I(p-p): 290 mA '
I(rms): 146 mA 010
I(dc): =117 mA

I(Frequency): 500 kHz

AE

Fig. 2. Simulation scheme for the Zeta converter with inductively coupled inductors

4 https://www.ni.com/en.html. Accessed April 24, 2024,
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The calculated and simulated transfer characteristics
of the converter currents and voltages are shown in
Figs. 4-7 to demonstrate the accuracy of the calculations.

The transfer characteristic is the dependence of the
physical quantity on the converter input voltage. The
mathematical model of the converter is used to calculate
the values.

I A
0.6 1

0.5
0.4

0.3 To Sy

0.2 g
2 A

0.1

U,V

in?

6 8 10 12 14 16
Fig. 4. Transfer characteristics
of currents through inductor windings L1 and L2

at a load resistance of 50 Ohm:
1 is the calculated value; 2 is the simulation result

Ue, V
12,02
12.01

12.00 -

11.99 4

11.98

6 8 10 12 14 16 U,V
Fig. 5. Transfer characteristics of voltages across
capacitors C1 and C2 at a load resistance of 50 Ohm:

1 is the calculated value; 2 is the simulation result

Lo A /
0.150

L1

0.125

0.100 0
6 8 10 12 14 16 U,V

in?

Fig. 6. Transfer characteristics
of currents through inductor windings L1 and L2
at a load resistance of 100 Ohm:

1 is the calculated value; 2 is the simulation

UV

12.024

12.01 1 /201 =

Teo T |

12.00 =
2co T

11.99 1 )m

11.98 all T T T T v .
8 10 12 14 16 U,V

in?

Fig. 7. Transfer characteristics of voltages across
capacitors C1 and C2 at a load resistance of 100 Ohm:
1 is the calculated value; 2 is the simulation result

The transfer characteristic graphs show agreement
between the calculated values and the simulation results,
confirming the reliability of the calculation method. The
deviations of the simulated curves from the calculated
ones are quite small; for example, the deviation of the
current /; ; in the simulation from the calculated one
ranges from 3.5% to 12%. The deviation ranges similarly
from 0% to 3.4% for [ ,, from 0% to 0.05% for U,
and from 0.003% to 0.03% for U,, demonstrating the
reliability of the calculations.

The load characteristics of the converter at input
voltages of 6.5, 12, and 17.5 V are shown in Fig. 8. Since
the difference between the calculated and simulated
output voltages does not exceed one hundredth of
a percent, the graphs of the converter load characteristics
obtained by calculation and simulation are almost
identical. The load characteristics for input voltages
of 12 and 17.5 V are plotted in Cartesian coordinates
at the bottom and left. The load characteristic at input
voltage is plotted in coordinates at the top and right. The
information in Fig. 8 shows that the results of calculations
using the proposed DC/DC converter design method and
mathematical model fully reproduce the load current
dependence on the stabilization voltage variation. This
demonstrates the reliability of the methods considered in
describing the operation of DC/DC converters designed
according to the Zeta topology, taking into account the
magnetic coupling of the coupled inductors.

lig.5v, MA
50 100 150 200

11.98 * * * * 12.014
>; 11.96 12.010 oQ
@ LC12V,17.5V 12.006 ;
5 11.94 12.002 <
o ’ <
DS 11.92 11.998

11.90 11.994

0 200 400 600

l12v, 17.5v, MA
Fig. 8. Load characteristics (LC)at 12Vand 17.5V,
and LC load characteristic at 6.5 V. /, is load current
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CONCLUSIONS

The paper presents a new method for designing
DC/DC converters based on the Zeta topology, which
allows magnetic coupling of inductors. As well as
allowing the capacitor and inductor ratings of the
converter power section to be calculated, the presented
method takes into account the variable components of
the currents flowing through the inductor windings and
the voltages across the capacitors.

With the ERE ratings obtained in the design, the
simulation is carried out in the Multisim computer-
aided design system; calculations are performed using
the converter limit continuous mathematical model on
which the above method is based. The resulting transfer
and load characteristics show a high degree of agreement
between the mathematical calculations and the Multisim
simulation results.
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