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Introduction

Investigation of coil’s insulation must be
realized at impact of high voltage stresses. Such
a voltage can be generated in load circuit of
resonance inverter operating at supply from
rather low level DC voltage [1, 2]. Therefore it is
essential to calculate appropriate values of
voltage applied to the investigated coil.
Calculations are connected with investigation of
resonant converter operation regimes. Normal
operation of resonance inverter can be provided
only in case when parameters of load circuit
accord to the oscillating processes in load circuit,
i.e., in accordance with relation
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where 6- damping parameter.
Frequency of self oscillations for circuit
1 2
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Correct calculation of resonance inverters is
difficult task because oscillation process is
developing from one switching cycle to the next
one and in the steady-state condition of converter
magnitude value of capacitor’s voltage is much
bigger than voltage of the DC supply [2].
Therefore in this article is presented a simplified
method for calculations which allows calculate
processes with rather good approximation
assuming that shape of current in load of inverter
is close to the sinus mode.
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Operation cases

In scheme of resonance inverter (Fig.2) must be
applied  semiconductor  switches (usually
transistor with reverse diode) with bidirectional
conductivity (only with such switches it’s
possible operate with large voltage across the
reactive elements of load without dangerous
voltage stresses on switches at discontinuous
current of load). In such case there are possible
three operation cases [2,3].

The first case is at @, = @, where @, = 2%,

is angular switching frequency comprising in the
full switching cycle a two situations — when in
half cycle continuously is conducting switch S1
and in other half cycle — switch S2. In the first
case control frequency is equal to the self
oscillation frequency of load and current of the
load is practically sinus shaped with
instantaneous values in the end and beginning of
each half cycle equal to zero. Voltages across
reactive elements of the load are maximal large,
because current is limited only with resistance of
load. This case is rated one for investigation of
the coil and is accepted as calculation example in
this article.

The second case will be at decreasing of
inductivity of coil at shortening of any turn of
coil when its inductivity is decreasing and self
oscillation frequency - rising. In this case

control frequency @, is smaller than @ . Current
passing through load is not sinus shaped (Fig.1)
and as result magnitude of capacitors voltage
U, is much smaller as for resonance case.
Instantaneous values of current through load at

end and beginning of half cycles are not equal
zero that hardening operational conditions of



switches
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Fig.1. Diagrams of load current and voltage
across capacitor at o,<o ( R=0.5Q, C=10pF,
L=0.5 mH)

The third case is at @, > @ and take place

switching of load in part of its oscillation half
cycle. Also in this case magnitude of voltage
across capacitor will be smaller than at
resonance case. This case can be applied only in
duration of inverter tuning for resonance case.

Fig.2. Substitution scheme for investigated
resonance inverter

Analytical calculations

In the substitution scheme there are 2 operation
intervals. In the first interval is on-switched S1
but switch 82 is in off position. Diagrams of load
current and capacitor voltage at resonance
steady-state case are presented on Fig.3. At
beginning of switching half cycle current of load

is at =0 i =0, but u, = U (. Therefore after

turn-on of switch S1 changes of current can be
described with differential equation
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i=e™® (Asinwt + Beosawt) , (3)

solution of which is

: & 05U, +U,y .

j=—e ¥ d = el gin gy . 4
oL

Voltage across the coil can be described as

up = L-al =& (0,5U 4 +U o)cos wt - §—sin )

dt @
. (5)
When wt=m, voltage of coil s
e
uL(,,) =e w(O,SUd +UC.0), (6)

but end value of capacitor’s voltage for switched
position of S1 is
T

Ugty=—0,5U4 —e @ (05U +Uc). ()

valuated as negative signed voltage.

[ i R=050
: Ueo ¢ CelOpfy=N52Hz: /

Fig.3. Diagrams of current and capacitor voltage
of load at resonance

In the other half cycle is turned-on switch S2 but
S1 is in off position. Also at beginning of this
half cycle instantaneous meaning of current is
i=0.

Therefore instantaneous meanings of current
change as

- 05U -U.qy .

i sinawt  (9)

@l
(i.e., meanings of current are same as in the first
situation only positive signed).

nw



Averaged value of capacitor’s current in full
cycle is zero. Therefore integrating the both
equations for current and taking into account
meaning of U, is possible to get

T

U =0Uy +e @(0,5Uy ~U,py)

From here

" m

i L -
Uy =05Uy+e @|05U,+05U,+e @(05U, +Uy)

(10)

Equations above mentioned allow to calculate
parameters of scheme at resonance. But there is
possible to apply another approach based on
assumption of influence of fundamental
harmonic of inverted voltage across load’s
circuit magnitude of which is equal

iR

T
. Then magnitude of load current at resonance is

ULb(fym = (an

& LD( f')m/ R and magnitude of capacitors

voltage is

_2Uq
RwC

UCO (12)

Evaluation of results

For estimation of above given equations a
numerical calculations and modeling in program
package PSIM was done.

Example Nr 1 where resistance is rather big —
R=199Q, Uy=220 V, L=0.22 H, C=0.1 pF.

6 1
® =\/i= } . =,f i =674l.9(JA
LC Yo.22*0.1*107% V0.022
R 19

=—= =43.18
2L 2%0.22
(0]
Iy =——=w=1073.56h’z
27 2*3.14
T R*m 19*314

w  2*L*@w  2%0.22*6741.99

|

=0.0201
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According to the equations

5= 25X
O'SUd + Ude @ 4 O,SUde @ -
Y 1l

@

Ucﬂ=
l-e

0,5*220+220e™20201 ;. 5% 220, 00402

00 =10946.4 =10.9464kV

l-e

¥ 4
Uy =-05Uy—e @(0.5Uy +Ucp)=

=-0.5%220-¢ 292910 5%220+10946.4) =
=—10946.37V = —10.94637kV

Modeling gives U,=-U.,=9.81 kV. Calculation
applying simplified equations gives
Uey=10.49kV.

Example Nr2 investigates load circuit with rather
small resistance — R=0.5 @, L=0.5 mH, C=10

WE, U;=100V.
1 10'2 JIO(’ v/ .
=J—= - 14142 V.
? =\Ic JSOO*IO 7071 A
R0 o
2L 2%500*10
PP e N | T
w2 L*wm  2%500%10° *14142
® 14142

=2252Hz

f= 59314

Calculated extreme voltages of capacitor

~25%
@

HE
® +0,5U e

=25%
®

O,SUd + Ude
Ug =

l-e
0,5*100+100e~ """ +0,5%100¢ 7%
- 1-e 0222 h

=902.26V

Ee

U‘.] =—0.5Ud -e ‘”(OSUd + Uco) =
=-0.5%100 - "1 (0.5%100 + 902.26)
=-900.25V

Computer simulation at same parameters gives
(Fig.3) U,=850 V; U.,=-850 V, but calculations
using simplified equation — U=900.78V. As it’s
seen simplified equation gives practically same
result as calculation by differential equation but



experimental values are close enough to the
calculated, especially taking into account
complexity of processes.

Simplified equation can be used for calculation
of necessary capacitance of circuit for obtaining
preset values of extreme voltages at given
parameters of coil (L,R):

4L
2_2p2
k,m°R

where k, is relation between Ugy and Uy . How it
can be seen volume of capacitance is reverse
proportional to the factor k, in the second power.
Volume must be bigger at bigger relations
between L and resistance of coil R. For example,
if supply voltage is 100 V, necessary amplitude
of voltage across capacitor — 10,000V (k,=100),
L=10mH, R=0.1Q, then calculated value of
capacitance is C=40.6pF. Modeling shows that
obtained amplitude is 9.5kV.i.e., quiet close to
the preset value.

(13)

Conclusions

1.Equations obtained for calculation of steady-
state voltage extremes across capacitor plates in
load’s circuit of resonance inverter converge
sufficient well with obtained from modeling.

2.1t is possible for calculations apply simplified
method based on influence to load’s circuit of
fundamental harmonic of inverted voltage.
3.Simplified method for calculation of amplitude
value of voltage across capacitor in load’s circuit
of inverter can be applied for choice of necessary
capacitance at preset value of the amplitude of
voltage.
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Rankis I, Dreimanis E. Determination of
High-voltage Windings Monitoring Voltage in
Scheme with Resonant Inverter

Processes in scheme of resonant inverter with
bidirectional conductivity switches in half-bridge
connection are described accenting complexity
of correct calculation of processes characteristic
with development of transient from cycle to
cycle. Approximated calculation method based
on solution of differential equations is proposed
which allows rather correctly calculate extreme
voltages of capacitor of resonant circuit at
different parameters of circuit in steady-state
resonant operation case when control switching
frequency is equal to frequency of self-
oscillations of circuit. Is given also more
approximated calculation method based on
influence on circuit a fundamental component of
inverted voltage which has square shape.
Comparison of obtained results for two different
calculation examples with modeling results is
done and results are sufficient good. Applying
the last proposed calculation method it is



possible find out necessary volume of capacitor
for preset value of extreme voltage across
capacitor plates and given parameters of
investigated coil.

Dreimanis E., Rankis I. Starpvijumu izoldcijas
kontroléjos@ sprieguma noteikSanas aprékini
rezonanses invertora shémda

Aplikotaja rezonanses invertora shéma ar
divvirziena pusvaditaju sléedziem un pustilta
konfiguraciju  aplitkoti  elektromagnetiskie
procesi, pie tam skaidrots, ka procesu korekts
aprékins ir [oti sarezgils, jo process atfistas no
cikla uz ciklu un reaktivo elementu spriegums
pieaug, lidz sasniedz stacionaru stavokli, kad to
spriegums var daudzkart parsniegt baroSanas
avota. Piedavats tuvindts staciondr@ procesa
sprieguma amplitiidas aprékins uz slodzes kéde
virkné ieslégta kondensatora platém, balstits uz
diferencialvienadojumu pielietosanu. Aprékini
tick veikti rezonanses reZimam, kad slédiu
vadibas frekvence sakrit ar kédes passvarstibu
[frekvenci, kad ari bis maksimalie spriegumi uz
reaktivajiem elementiem, un kas izveléts par
spolu parbaudes nomindlo rezimu. Piedavata art
cita vienkarsota aprékina metode, kas balstita uz
inverteta taisnstiirveida sprieguma
pamatharmoniskas ietekmi uz invertora slodzes
kedes stravas amplitiidu rezonanses gadijuma.
Veicot datormodelesanu, parddits, ka abas
metodes dod praktiski vienadus rezzultatus plasa
slodzes kédes parametru izmainas diapazond,
pie tam veikto aprékinu rezultati labi sakrit ar
datormodelésanas rezultatiem, kas [auj pielietot
aprékinu  izteiksmes procesu noveértéjumam.
leteiktsr otro tuvinato aprékinu metodi pielietot
rezonanses kédes parametru noteikSanai pie
uzdotas kondensatora sprieguma amplitiidas un
zinamajiem  pétamas  spoles  nominalajiem
parametriem.

Panvkuc  H., [peimanuc 3.  Pacuem
KOHMIPOJIUPYIOU{e20 HANPAdICCHUA ons
HCCCO0GAHUA  MENCGUMKOBON  U301ANUU
KamymKu ¢ yenu pe3oHaHcHoz0 uneepmopa

Paccmompensl anexmpomaznummnsle npoyeccel 6
cxeme PEIOHAHCHO20 uneepmopa C
HOAYRPOGOOHUKOGLIMU KIIOYAMU OBYXCMOPOHHE
npogooumocmu U npu  NOAYMOCMOGOU
cmpykmype cxemul  uneepmopa. Ioxazano,umo
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KOppeKmHblil pacuem npoyeccos 6
CMAYUOHAPHOM pedicumMe 3ampyoHumenes 66udy
Mo20, MO RPoOYecc pasusaemcs ¢ nepuood
nepexiioveHus  Ha - CAeoylowul  nepuod  u
YCmanosusueecs cocmosiHue secoma
HeONnpeoenento, HO NPU MOM HARPAJICEHUE HA
PeaKkmuGHbIX — JNeMEeHmax — yenu — HazpysKu
PE30HAHCHO20 uneepmopa  MHO2OKPANIHO
npeguluiaen HanpAdCeHue UCMOYHUKA NUMAHUA
nocmosunozo  moka.  Pacuemnviv  npumnsim
peosicum, Ko20a 4acmoma NepexioveHui Kiovei

uneepmopa cosnadaem ¢ vacmomot
cobcmeennsix Konebanuil yenu nazpy3xKu u 23mom
pedcum  ABIACMCA  OCHOBHBIM,  NOCKOIbKY
HAnPAJICeHUEe  HA  PeaKMUGHBIX — NEMEHMAX
docmuzaem MAKCUMATHHBIX FHAYEHUT,
HeobX00uUMbIX — ONs  NPOGepKU  UZONAYUU
uccreoyemou KAMYuKu. IIpednoocen

VRPOWfeHHBIT  MemoO — pacyema  amMnRaunyobl
HanPANCEHUs. Ha KOHOEHCamope, OCHOSGanHbLil Ha
pewtenuu  oughgepenyuanbnozo  ypasuenus ¢
donywenusmu. Ilpeonodicen makoice Opy2oi
VHPOWEeHHbI Memoo pacyuemd, YHUMblGAouul
GAUAHUE OCHOBHOI 2aAPMOHUKU
UHBEPMUPOBAHHO20 HAanpPAACeHus c
npsmoyeoavroi gopmoil. Ilposedensvt pacuemeol
C UCNONB306AHUEM 00ex Memooos u NOKA3AHO,
umo  pesyabmamel  pacuemos  XOPouio
cosnaoaiom ¢ OGHHBIMU, NOJAYYEHHLIMU U3
kommiomepuou mooenu. Ilokazano, wumo emopou
YhowgeHHlll  Memoo  no3eonsem  Haimu
HeobxoOuMble napamempsl KOHOeHcamopa yenu

npu  3A0aHHBIX  nApamempax — Kamyutku - u
MaKCumManbHo20 HANPANCEH U Ha
KoHOeHcamope.



