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DESIGN PROCEDURE FOR LCTLC CONVERTER

The paper deals with design analysis and syntlafsike storage elements of LCTLC
power resonant inverter with sinusoidal output agk. The filter used for creating it has to
remove higher harmonic components from the supplywmitage to reach the harmonic
distortion roughly 5% in the whole range of thedo@-100%). Non-symmetrical control is
used for voltage to be constant. Right choosing @esign of LC storage components is
important from the point of view voltage and cutrstresses, overvoltages and requested
THD values. Design procedure of them is demonstrated confirmed by computer
simulation.

PRISTUP K NAVRHU LCLC PRVKOV REZONAN CNEHO MENI CA

Prispevok je zamerany na analyzu a sysntézu akdnmyda prvkov LCTLC vykonového
rezonarného menia s harmonickym vystupnym napatim. Takyto filtenmie neprepigs
vySSie harmonické zloZzky napdajacieho napatia abynbaické skreslenie bolo menSie nez
5% v celom rozsahu z&Zenia (0-100%). Pre dosiahnutie konStantného wpystho napatia
je vyuzité nesimerné riadenie. Spravny vyber amakumulanych LC prvkov je dolezity
z Wadiska nap#@vého a pridového namahania, prepati a dosiahnptdadovaného
harmonického skreslenia. V prispevku je ukazanjupasavrhu a potvrdeny gtiacovou
simulaciou.

1. INTRODUCTION

There are many applications when load has to bplisgpfrom HF transformer with
stiff harmonic voltage due to synchronization, dans frequency, and precise phase
control. It can be provided by different type ohwerters.

One of the novel types of converters are LCLCL @ster based on LLC resonant
scheme, and LCTLC inverter [1], [2], [3] consists BC/DC buck converter, LCLC
resonant filter and HF transformer. The HF transfer can also be connected after the
LCLC filter, if necessary. The inverter (LCTLC) isually used as power supply for either
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HV rectifiers [4], [5] or HF cycloconverters or miat converters, for motor- or constant
frequency applications, respectively.
The basic scheme of LCTLC inverter is shown in Eig.
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Fig. 1. Basic scheme of LCTLC inverter with direct N€E output

Based on works [4]-[6] one can create following igglent scheme of the LCTLC circuit,
Fig. 2.
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Fig. 2. Equivalent scheme of LCTLC circuit

For equivalent circuit considering

1 1 1
R1=R11+RO-; R_=R_+R_
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whereR,, L,, Ree, Ly, are equivalent parameters of the transforni®g; R,, are resistances
of LCLC filter elements.

Then using the state-space equations one can write
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where i;,, i;, are currents through the inductdrg and L,, respectively;i; is current
through the loadR;, .4, L;,qa; Uct, Ucp are capacitors voltages €6 andC,, respectively;
u(t) is output voltage of the converter (filter inputtage).

Using suitable numerical method or directly Matfainctions the time waveforms of
the quantities of LCTLC inverter can be obtaineid, B.
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x: time [sec]; y: see legend
Fig. 3. Basic simulated waveforms of the LCTLC irerert

2. DESIGN PROCEDURE FOR LCLC COMPONENTS

The resonant frequency &fC; and L,C, should be the same as basic fundamental
frequency of the converter and is requested by ldashands. So, based on Thomson

relation
B 1 1
@res = |16, T (1aC;

Ly @5 =

or, respectively
1
= Lytres = = Layes =
res Cl res CZ res C

3)

wherewesis equal 2ix fundamental frequency of the converter.

Values of storage LC components and their parasetes important for properties of
LCLC filter and/or LCTLC inverter, respectively. &bretically, values or size, respectively
of the storage elements can be chosen from widé\sdftrst approximation for the design
let's suppose simple resonant circuit (Fig. 4) t#vat resonant frequency is equal switching

input frequency ges = )
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Fig. 4. Simple resonant LC circuit with resistiveamd complex loads b)

LC design can be considered from 3 different poafitgew:

1% nominal voltage and current stresses at steadgsst
2"% minimum voltage and current stresses during teats
3% required value of total harmonic distortion oé thutput voltage
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If quality factor defined ag = La)f“/R is sufficiently large (>1-10) we can consider just
fundamental harmonics of the quantities for nektudations.

Not to exceed nominal voltages of the storage etésnave take value of internal
impedance of the storage element equal the nortaiadlZy|.

Lo =—=|Z|=% (4)
res a)resC N PN(l)
whereU;, P; are nominal output voltage or power (RMS or AVues), respectively.
Let’s define the nominal design facigy for LC components as
Ly e 1
= = 5
i |Zyl @resC|Zy| )
It is similar to quality factor but sinapdepends on the lod&itheqy does not.
From (4) and (5) one can obtain the design formigdatC storage elements
Ui Pyay 1
L=———qy C=——75—— (6)
wresPN(l) Wyres U1v(1) qn
Then voltage on storage elements at nominal stetadg-
Uk Py 1y 2
U, = Loylyy = = Uyy——4q
t N wresPN(l) N UN(l) N Wres N
1 1 PN(l) Wres
c . C N(1) Pvat) 1 Ung N(1) w; dn @)

' Wreg U1%/(1) AN

where; is fundamental or switching, respectively, frequeaf input power supply.

That means that fogy equal one the voltages on storage elements wilidminal ones,
and are proportional depend on that factor.

Going back to LCLC filter, Figs. 1 and 2, using tBgn it will be

L = Uz%zu) C = PN(1) i
' WresPuny ! WresUx 1y An
Uiy 1 Py
L= 1o o P (®)
2 wresPN(l) dn 2 wresuﬁ(l) N

where Uy, Py(1), Wes are nominal output voltage, power or frequenayes(= @),
respectively (for fundamental harmonic).

From the point of view of the transient state¥ (@iterion) the request is that overvoltages
during the transients to be minimal ones. It's knothat maximal overvoltages occur
during switching-off process at the full load asllvees during switching-on process at the
no load. During start-up tHeC, circuit is energized to nominal energy
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E, =Ep, +Ec
1 2 1 2
Ep, = §L21N(1) =Ec;, = ECZUN(l) 9

However, charging current frequency cannotdgbecause of parallel resonant circuit.
Similarly, during nominal load switching-off the engy ofL,C; circuit which is nominal,

Ey =En+En
1 2 1 2
Ep, = ELllN(l) =Eq = EQUN(Q (10)

and it should be discharged to the minimal valuemeined by no-load current.

Ey = Epy0 + Ecio

1 2 1 2
Ei0 = §L110 =E¢o = §C1U0 (11)

Wherelg is no-load current and, is capacitor voltage at no-load current.

The overvoltages are higher when energy of is highaergy depends obh, C and gy
values. That means that energy of LC circuit (gdtoo) should be minimal one then the
overvoltages will be also minimal. The examplesoegrvoltages during transients are
shown in Figs. 5a,b.
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Fig. 5. Simulation of transients during switch-aoffflee load: g=1 a) and =2 b)
L,=L,=7.3e-1 H; G=C,=1.38e-5 F; L=1 mH; R=23Q,

Regarding to the $criterion the total harmonic distortion can becadted using voltage
transfer function [5].

SR R

2 (12)

U 1z 2 2 2 2
(R1|ZN|ZLM+1) N (k—l) Zyl2M =1
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2

Dependence ofHD on nominal design factay, is given in Tab. 1
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Tab. 1. THD of output voltage of LCTLC inverter
Nominal 1 15 2 2,5 3 35 | 4 45 5
design factor

THD [%] 16,6 11,0 8,2 6,6 55 4,7 4,1 3,6 3,3

3. CONCLUSIONS

The design procedure of LC storage component foilllC inverter has been
introduced and demonstrated. Simulation result§"obrder LCLC resonant filter shows,
that designed parameters of LC filter confirms gopelity of output quantities (voltage
and current).

Using nominal design factogy) is possible to fulfill the requested criteri&'(12" and
3“) but not by only one parameter of,). High value of design factor causes higher value
ov voltages and current of storage elements as manones, and also the higher
overvoltages as can be seen from FigsaBdb. On the other hand high design factor
provides low value of total harmonic distortiontac

So, using right take-off into account the choosamgl design of storage components of
LCTLC inverter with integrated filter and transfagnshould not be problem.
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