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The object of the analysis is a full-bridge series resonant
inverter for induction heating applications operated using
PFM control. A circuit of the inverter is shown in Figure 1.
The inverter is fed by a DC voltage source Ud and consists
of four unidirectional power electronic switches S1÷S4 with
antiparallel diodes D1÷D4, heating coil with workload rep-
resented by resistance Ro and inductance Lo connected in

series and capacitor Cs also connected in series. Switches
S1÷S4 can be SCR thyristors or controllable semiconductor
devices. At PFM control ���� ����	���� 
��� alternately ON

and OFF ���

����
�������
��
������������	��
2

s
sf

ω
=

π
�����


������	�	���������. When the switches conduct current,
the energy is drawn from the supply source and when
the diodes conduct current – the energy is returned to the
capacitor Cd connected at the input of the inverter where

d sC C>>  (Fig. 1).
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Current and voltage waveforms and the power dissipated
in the load depend strongly on the operating frequency ��.
Five different operation modes of the inverter can be distin-
guished, where two of them are only possible when using
controllable switches.
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Figure 2 shows possible waveforms of current i of the
receiver �	.	 and voltage uc across capacitor Cs. The wave-
forms are antisymmetrical so it is sufficient to determine the

equations describing them for the half-cycle 0 .
2
sT⎛ ⎞÷⎜ ⎟

⎝ ⎠
 The

equivalent circuit of the inverter in operational form valid
for the above-given half-cycle is shown in Figure 3. The
senses of initial values of coil current Ip and voltage Ucp
across capacitor Cs have been so chosen that at t = 0 the
values of Ip and Ucp are positive for waveforms from Figu-
re 2. Thus i(0) = Ip and uc(0) = – Ucp.

�
��������5(�3�.��)�-��-(�)�+*�)4����3��)������+1���)�+��.�*+�,

After assuming that damped oscillations occur in the in-

verter, which corresponds to the condition 2 ,o
o

s

L
R

C
<  be-

ing fulfilled in case of induction heaters and furnaces, cur-
rent i(t) of the receiver �	.	 and voltage uc(t) across capa-
citor Cs were determined in [1, 2]:

( ) cos sino
d cpt o

p o p o
o o o

U U
i t e I t I t

L
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(2)

Using relative values of current and voltage facilitates
analysis of the inverter’s properties. After assuming de-
signations:

; ;

;

c o
w cw ow

d d d

o o

p cp
pw cpw

d d

o o

u ui
i u u

U U U
L

I U
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L

= = =

ω

= =

ω

(3)

and replacing time t with variable ,stα = ω  the relative va-
lues of load current iw, voltage ucw across capacitor Cs and
voltage uow across receiver �	.	 are given by:
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( ) 1 ( )ow cwu uα = − α (8)
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where:

21
;

2
o

o o o
o o s

R

L L C
α = ω = − α (9)

2
2 1  m o

mw pw cpw pw
d o

o o

I
I I U I
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L

⎛ ⎞α
= = + + −⎜ ⎟ω⎝ ⎠

ω

(10)

1

 
tg

1

pw

o
cpw pw

o

I

U I

−
ϕ =

α
+ −

ω

(11)

tg o
o

o

ω
γ =

α
(12)

Both current iw and voltage ucw are antisymmetrical func-
tions of time, so after half-cycle their values equal:

( ) ( );w pw cw cpwi I u Uπ = − π = (13)

After taking account of the above given equalities in (4)
and (6) and carrying out appropriate rearrangements we ob-
tain [1, 2]:
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Substituting (14) and (15) in (11) yields

1

sin

cos   
o o

o s

o

s
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e

α ω
π

ω ω

⎛ ⎞ω
π⎜ ⎟ω⎝ ⎠

ϕ =

⎛ ⎞ω
+ π⎜ ⎟ω⎝ ⎠

(16)

As mentioned above, Eqs. (4) and (5) describing current
and Eqs. (6), (7) and (8) describing voltages are valid for

(0÷π) corresponding to the time interval 0
2
sT⎛ ⎞÷⎜ ⎟

⎝ ⎠
 during

which switches S1 and S3 or diodes D1 and D3 conduct. Dur-
ing the time intervals when switches S2 and S4 or diodes D2
and D4 conduct, the functions describing the current and the
voltages have the opposite sign to those described with Eqs.
(4)=(8).

The relative values of the current and voltages (Eqs.

(4)=(8)) depend only on angle α and parameters s

o

ω
ω

  and

,o

o

α
ω

  which makes it easier to analyse the properties of the

discussed inverter.
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Five operation modes of the inverter can be distinguished
depending on the ratio of the used operating angular fre-
quency ωs to the angular frequency ωo (9) of free oscilla-
tions of the series resonant circuit RoLoCs [3]:
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The operation modes of the inverter have been character-
ized shortly and waveforms of current iw and voltage ucw in
function of angle α = ω�t determined based on equations
given in the previous chapter have been shown for each
mode. The intervals during which odd elements (S1 and S3
or D1 and D3) conduct have also been marked.

Mode I – operating frequency higher than frequency of

free oscillations, 1 1 .s s

o o

T

T

⎛ ⎞ω
> <⎜ ⎟ω ⎝ ⎠

The characteristic feature of this mode is turning the
switches off during their conduction time – only controlla-
ble switches can be used in this case. Waveforms of current
iw and voltage ucw in mode I are shown in Figure 4.

�
���������3�*+�,0�+*�.+�'�-(����)������'�3+.)���������-�+00

-�1�-�)+��������,+'����*+�� 0.1o

o

α =
ω

���'� 1.20s

o

ω =
ω

⎫⎪
⎬
⎪⎭
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At angle α = 0 the switches S2 and S4, which have been
conducting so far are turned off, which causes a voltage rise
across inductance Lo and, consequently, diverting the load
current to diodes D1 and D3. They conduct during the inter-
val (0÷α1) until their current reaches zero. The current is
then diverted to switches S1 and S3, which conduct until
their turn-off at angle π. The current is taken over by diodes
D2 and D4, and then (angle α3) by switches S2 and S4.

In this operation mode of the inverter there is a natural
commutation of the current from the diode to the switch in
each inverter arm. Consequently, the switches are turned on
at very advantageous conditions – at zero current and nearly
zero voltage. At switch turn off the conditions are disadvan-
tageous – full load current and full supply voltage.

Mode II – operating frequency equals frequency of free

oscillations, 1 1 .s s

o o

T

T

⎛ ⎞ω
= =⎜ ⎟ω ⎝ ⎠

This mode (Fig. 5) is a peculiar case of the operation of
the inverter – operating frequency equals frequency of re-
sonant circuit free oscillations. The diodes do not conduct
at all in this mode – each pair of switches conducts during

time .
2
oT

 Switches S1 and S3 conduct during the interval

(0÷π) and switches S2 and S4 – during (π÷2π).

�
���������3�*+�,0�+*�.+�'�-(����)������'�3+.)���������-�+00

-�1�-�)+��������,+'�����*+�� 0.1o

o

α =
ω

This operation mode is only possible with controllable
switches. Due to turning the switches on and off at zero
current this is an advantageous operation mode. Mode II is
the only mode without time intervals when energy is re-
turned to capacitor Cd (Fig. 1).

It should be stressed that this operation mode occurs at
operating frequency being exactly equal to frequency

2
o

of
ω

=
π

� of free oscillations of the series RoLoCs circuit

and not to resonant frequency 
1

2
r

o s

f
L C

=
π

 of un-

damped circuit, which is often assumed in simplified ana-
lyses.

Mode III – operating frequency is less than frequency of

free oscillations and 0.5 1 1 2 .s s

o o

T

T

⎛ ⎞ω
< < < <⎜ ⎟ω ⎝ ⎠

In this operation mode of the inverter (Fig. 6) switches S1
and S3 are turned on at angle α = 0 during conduction of
diodes D2 and D4. When the current through the switches
reaches zero (angles α1, α3 respectively), it is diverted in
each arm to the antiparallel diode.

�
���������3�*+�,0�+*�.+�'�-(����)������'�3+.)���������-�+00

-�1�-�)+��������,+'�������*+�� 0.1o

o

α
=

ω
���'� 0.83s

o

ω
=

ω

Conduction time of each element is less than :
2
oT

switches conduct from the instant of their turn-on at non-
zero current until their current reaches zero, diodes – from
the instant when the current crosses zero until turn-on of the
other pair of switches.

In this operation mode of the inverter, like in modes IV
and V described below, there is a natural commutation of
the current from the switch to the diode in each inverter
arm. Hence, the switches are turned off at very advanta-
geous conditions – at zero current and nearly zero voltage.
On the contrary, the switch turn-on takes place at very dis-
advantageous conditions – at full current and voltage equal
to supply voltage. Additionally, high reverse-recovery di-
ode current spikes flows also through the switches that have
been turned-on (this is not seen in Fig. 6, because the ele-
ments have been assumed ideal in the analysis). This is very
disadvantageous for transistor inverters operating at high
frequencies; therefore this operation mode should be avoid-
ed if controlled switches (e.g. power MOSFETs) are used.
However, the mode III is the fundamental operation mode
for thyristor inverters.

Mode IV – operating frequency equal to half frequency

of free oscillations, 0.5 2s s

o o

T

T

⎛ ⎞ω
= =⎜ ⎟ω ⎝ ⎠

 – boundary of con-

tinuous load current.

The case of  0.5s

o

ω
=

ω
 is the other (besides mode II) pe-

culiar operation mode of the inverter occurring at a strictly
determined frequency. Waveforms of current iw and voltage
ucw for this operation mode of the inverter are shown in
Figure 7. Switches S1 and  S3 start conducting immediately



62

�������	
��
������������
�
����

����
������������������ !���"��#���
"� ����$��������������
�����#�����%%%

after the current of diodes D2 and D4 have reached zero
(angle α = 0), and switches S2 and  S4 – after the current of
diodes D1 and D3 have reached zero (angle α = π).

�
���������3�*+�,0�+*�.+�'�-(����)������'�3+.)���������-�+00

-�1�-�)+��������,+'���#�*+�� 0.1o

o

α
=

ω

Mode V – operating frequency less than half frequency

of free oscillations, 0.5 2s s

o o

T

T

⎛ ⎞ω
< >⎜ ⎟ω ⎝ ⎠

 – discontinuous

load current.
Mode V differs from mode IV in that the switches start

conducting not immediately after the current of the other
pair switch – diode have reached zero but with a time delay;
thus there are time intervals with zero load current (Fig. 8).
Conduction time of thyristors and diodes is the same as

in mode IV and equals .
2
oT

 Instantaneous values of cur-

rents and voltages in  mode V are the same as in mode IV,
with the difference that during the time intervals with zero
load current the voltage across capacitor Cs stays constant
equal to initial value Ucpw (interval α2 ÷π) or –Ucpw (interval
α5 ÷2π).

�
��� �����3�*+�,0�+*�.+�'�-(����)������'�3+.)���������-�+00

-�1�-�)+��������,+'��#�*+�� 0.1o

o

α =
ω

���'� 0.45s

o

ω
=

ω

 Mode V is the only mode with discontinuous current.
The length of time intervals with zero current depends on
how much cycle Ts is larger than double period To. The in-
verter output power can be varied by changing the length of
zero current time intervals.

An advantage of inverter operation in mode IV or V is
that all devices are turned ON and OFF at zero current, and
the drawback is that an important amount of energy is re-
turned to the supply source (capacitor Cd) during conduc-
tion time of diodes and, consequently, the output power is
small.

The load current is distorted (Figs 4–8) and its shape is
the least different from sinusoidal in mode II.
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Relationships between selected inverter quantities and rela-

tive operating frequency (independent variable )s

o

ω
ω

 for

various values of parameter  o

o

α
ω

 are dealt with below. It

has been assumed that s

o

ω
ω

 varies within the range 0.5÷1.5,

corresponding to modes from IV to I, while the information

about behaviour of a given quantity for s

o

ω
ω

 over the range

beneath 0.5 (mode V) will be given as a comment. The

range for o

o

α
ω

 has been assumed to be 0.01÷0.6, corre-

sponding to quality factor Q of the resonant circuit being
approximately within the range of 1÷50, which includes
quality factors Q of induction heaters and furnaces used in
practice.

Figure 9 represents graphs of relative value of initial cur-
rent Ipw (14). The initial value Ip of current equals zero in
modes II, IV and V (Figs 5, 7, 8), is positive in mode III
(Fig. 6 – it is the switches that are turned on at α = 0) and is
negative in mode I (Fig. 4 – it is the diodes that start con-
ducting at α = 0). The value of Ipw depends very strongly on
the damping factor of the circuit – it is the higher, the lower
is load resistance Ro and the corresponding value

of parameter .o

o

α
ω

 In view of switching loss minimization it

is advantageous to operate the inverter at a small value of
the initial current.

The expression for voltage initial value Ucpw (15) be-
comes simplified in mode II to the form

2

sinh

cosh  1

o

o

cpw cpw

o

o

U U

⎛ ⎞α
π⎜ ⎟ω⎝ ⎠

= =
⎛ ⎞α

π −⎜ ⎟ω⎝ ⎠

(17)
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pw

o
I f

⎛ ⎞ω= ⎜ ⎟ω⎝ ⎠
�*+��3���+(0�3�.(�0

+*�1���,�)��� o

o

α
ω

and in mode IV it yields

4

sinh 2

cosh  2 1

o

o

cpw cpw

o

o

U U

⎛ ⎞α
π⎜ ⎟ω⎝ ⎠

= =
⎛ ⎞α

π +⎜ ⎟ω⎝ ⎠

(18)

The graphs of Ucpw are shown in Figure 10. They reach

maximum values for 1s

o

ω
=

ω
 (mode II), which are the big-

ger, the smaller the value of parameter .o

o

α
ω

When moving away from the operating point 1s

o

ω
=

ω
(both decreasing or increasing )s

o

ω
ω

  the value of Ucpw de-

creases, and the stronger, the smaller is the value of para-

meter .o

o

α
ω

 For s

o

ω
ω

 less than 0.5 (operation mode V)

the initial value Ucpw stays constant (independently of oper-
ating frequency) being equal to Ucpw4 (18). Ucpw is always
positive, which means that at the assumed sense of voltages
(Fig. 3), the initial value of voltage uc(0) across the capaci-
tor is always negative, independently of the inverter operat-
ing frequency (that means Ucp > 0, uc(0) = – Ucp).

The expression for relative value of current Imw (10)
takes in modes II, IV and V the following form

1mw cpwI U= + (19)

where the value of Ucpw is given by (17) or (18) respective-
ly. The maximum value Imaxw of current iw (5) was comput-
ed numerically basing on the knowledge of Imw and shown
in Figure 11.

�
�
���
����<�,(,���-��3���-(����)� max
s

w
o

I f
⎛ ⎞ω= ⎜ ⎟ω⎝ ⎠

*+��3���+(0�3�.(�0�+*�1���,�)���
o

o

α
ω

Current Imaxw reaches highest values at 1s

o

ω
=

ω
 and small

values of parameter .o

o

α
ω

 The range of variation

of Imaxw in terms of relative operating frequency depends
very strongly on the damping factor of the circuit: the cur-
rent Imaxw varies over a wide range in a circuit with low
damping whereas in case of high damping the current varia-
tion is not big.

In operation mode V 0.5s

o

⎛ ⎞ω
<⎜ ⎟ω⎝ ⎠

  the current Imax stays

constant, its magnitude being equal to that occurring
in mode IV.

�
�
��"
���.+)0�+*�� s
cpw

o
U f

⎛ ⎞ω= ⎜ ⎟ω⎝ ⎠
�*+��3���+(0�3�.(�0

+*�1���,�)��� o

o

α
ω
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Plots of angle ϕ1 (16) as a function of relative operating

frequency s

o

ω
ω

  for various values of parameter o

o

α
ω

 are

shown in Figure 12. The zero value of angle ϕ1 corresponds
to zero value of current Ipw (Fig. 9) and the angle ϕ1 also
equals zero in mode V. It is positive in operation mode I
and negative in mode III. In these modes the absolute value
of angle ϕ1 is the higher, the smaller is the value of parame-

ter .o

o

α
ω

�
�
���
��.+)0�+*����.�� 1
s

o
f

⎛ ⎞ωϕ = ⎜ ⎟ω⎝ ⎠
�*+��3���+(0�3�.(�0

+*�1���,�)��� o

o

α
ω

To determine the maximum value of voltage Ucm across
capacitor Cs two cases should be distinguished. At the in-
verter operation in mode I the maximum value of voltage

across the capacitor occurs at s
1 1

o

ω
α = ϕ

ω
 (Fig. 4) while in

each mode from II to V the voltage reaches its maximum at

the instant corresponding to ( )1 1
s

o

ω
α = π + ϕ

ω
 (Equ. (5)

and Figs 5�8). Introducing the above expressions for α1

into Equ. (7) and taking into account the fact that the magni-
tude of Ucmw is the same in modes IV and  V, the following
formulas describing Ucmw can be determined

( )1

1

  

4

   

  

1  at            0.5   (modes  IV i V)

  1  at 0.5 1       (modes  II i III)

1  at 1     (mode  I)

o

o

o

o

o

o

s
mw

o

s
cmw mw

o

s
mw

o

I e

U I e

I e

α− π
ω

α
− π+ ϕ

ω

α
− ϕ

ω

⎧
ω⎪ + ≤⎪ ω

⎪
⎪
⎪ ω⎪= + < ≤⎨ ω⎪
⎪
⎪ ω⎪ − + >
⎪ ω
⎪⎩

(20)

where the value of Imw4 denoting the magnitude of Imw in
mode IV can be computed basing on (19) and (18).

The maximum voltage Ucm across capacitor Cs reaches

highest values at  1s

o

ω
=

ω
  and small values of parameter

o

o

α
ω

  (Fig. 13). Voltage Ucm is much smaller at a high dam-

ping factor and in that case it depends to a much lesser
degree on the operating frequency than at a low damping
factor.

�
�
���
���<�,(,�3+.)���� s
cmw

o
U f

⎛ ⎞ω= ⎜ ⎟ω⎝ ⎠
��-�+00�-�1�-�)+����

*+��3���+(0�3�.(�0�+*�1���,�)��� o

o

α
ω

It results from Figures 10, 11 and 13 that highest magni-
tudes of current and voltages occur at a small damping
factor of the circuit and the operating frequency equal to
the frequency of free oscillations of the resonant circuit. In
view of advantageous switching conditions, the operation
at s o=ω ω  is preferred in case of transistor inverters. How-
ever, in view of high currents and voltages occurring in
this operation mode, special care should be taken to avoid
failure of the semiconductor devices used.

The voltages across the switches are square waves of
magnitude Ud. Hence, one of the advantages of the inverter
is the low voltage across the switches, which is equal to
supply voltage.


� ���	
�����������

����#���������	�	��	��

Conduction time tT of each switch S1 ; S4 in mode I

1s

o

⎛ ⎞ω
>⎜ ⎟ω⎝ ⎠

 of the inverter operation corresponds to the inter-

val (α1÷ π) in Figure 4 and equals

1

2
s

T
o

T
t

ϕ
= −

ω
(21)
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whereas in modes II���V 1s

o

⎛ ⎞ω
≤⎜ ⎟ω⎝ ⎠

 time tT corresponds to

the interval (0÷α1) in Figures 5;8 and it yields

1
T

o
t

π + ϕ
=

ω
(22)

In modes I ; III 0.5s

o

⎛ ⎞ω
>⎜ ⎟ω⎝ ⎠

 the inverter current is con-

tinuous and conduction time tD of diodes equals

2
s

D T
T

t t= − (23)

whilst in modes IV and V 0.5s

o

⎛ ⎞ω
≤⎜ ⎟ω⎝ ⎠

 time tD equals con-

duction time tT of the switches

2
o

D T
T

t t= = (24)

Introducing relative values of conduction times of
switches and diodes:

;T D
Tw Dw

s s

t t
t t

T T
= = (25)

gives:

1

1

1
1    at   1     (modes II – V)

2

1
1    at   1      (mode I)

2

s s

o o

Tw

s s

o o

t

⎧ ω ωϕ⎛ ⎞+ ≤⎜ ⎟⎪ ω π ω⎝ ⎠⎪⎪= ⎨
⎪ ⎛ ⎞ω ωϕ− >⎪ ⎜ ⎟ω π ω⎪ ⎝ ⎠⎩

(26)

1

1

1
                              at  0.5      (modes IV, V)

2

1
1  1   at  0.5 1 (modes III, IV)

2

1
                          at   1       (mode I)

2

s s

o o

s s

Dw o o

s s

o o

t

ω ω⎧ ≤⎪ ω ω⎪
⎪
⎪ ⎡ ⎤ω ωϕ⎛ ⎞⎪ − + < ≤⎢ ⎥⎜ ⎟= ⎨ ω π ω⎝ ⎠⎣ ⎦⎪

ω ωϕ >
ω π ω⎩

⎪
⎪
⎪
⎪

(27)

Relative time tTw of conduction of switches is shown in
Figure 14 and relative time tDw of conduction of diodes – in
Figure 15. In mode II of the inverter operation the switches

conduct during half-cycle 
2
sT

 and the diodes do not con-

duct at all. In modes I and III the difference between the
conduction time of the switches and the conduction time of
the diodes depends strongly on the damping factor of the
circuit – it is the bigger, the bigger the damping factor.

By way of example, at 0.95s

o

ω
=

ω
 (mode III) relative

conduction times equal respectively 0.280Twt =  and

0.220Dwt =  at 0.01o

o

α
=

ω
 compared with 0.471Twt =  and

0.029Dwt =  at 0.6.o

o

α
=

ω
 In operation mode IV each ele-

ment conducts during ¼ of cycle Ts = 2To, and in mode V
conduction time of each element is also the same and equals
less than ¼ of cycle Ts.

In the case of a thyristor inverter an adequately long di-
ode conduction time should be assured, which is at the same
time thyristor reverse recovery time.

�
�
���
���.�)�3��-+�'(-)�+��)�,��+*�0��)-4�0� s
Tw

o
t f

⎛ ⎞ω= ⎜ ⎟ω⎝ ⎠
*+��3���+(0�3�.(�0�+*�1���,�)��� o

o

α
ω

�
�
���
���.�)�3��-+�'(-)�+��)�,��+*�'�+'�0� s
Dw

o
t f

⎛ ⎞ω= ⎜ ⎟ω⎝ ⎠
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α
ω
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w

o
P f
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The power of the inverter can be determined basing on the
relationship

22
( )

sT

d d d s
s o

P U i t dt U I
T

= ⋅ =∫ (28)

where Is is mean value of inverter current id (Fig. 1), which
was calculated in [1]. After introducing relative power de-
fined as

2w
d

o o

P
P

U

L

=

ω

(29)

and carrying out appropriate rearrangements one obtains
the equation

2

2

1

cpws
w

o o

o

U
P

ω
=

π ω ⎛ ⎞α
+ ⎜ ⎟ω⎝ ⎠

(30)

valid for modes I – IV and the equation

42 s
w w

o
P P

ω
=

ω
(31)

determining the relative power of the inverter in mode V,
where Pw4 denotes the relative inverter power in mode IV.
Graphs of the relative inverter power are shown in Figu-

re 16. For two characteristic operation modes II 1s

o

⎛ ⎞ω
=⎜ ω⎝ ⎠

and IV 0.5s

o

⎛ ⎞ω
=⎜ ⎟ω⎝ ⎠

 relative powers Pw2 = 4.046 and

Pw4 = 0.096 have been determined assuming 0.1.o

o

α
=

ω
 The

inverter power in mode IV equals only 2.37% power
in mode II, whereas the inverter power in mode V is still
less.

Thus, the power dissipated in the load can be varied over
a wide range by changing the operating frequency fs. This
power control method is not advantageous in case of inver-
ters using controllable power electronic elements operating
at frequencies of the order of several dozens of kilohertz or
more. In this case special attention should be paid to mi-
nimizing power loss. The inverter operation in mode II, IV
or V, where all elements are turned ON and OFF at zero
current, is the most advantageous in this respect. However,
in view of inverter’s small power in modes IV and V, the
operation mode II is of fundamental importance. Power
control can be achieved either by using a voltage-controlled
supply source or special control methods, e.g. PDM [6],
assuring zero-current switching.

�� �����
�����

Five various modes of the inverter operation can be distin-
guished in view of the shape of current and voltage wave-
forms in the inverter when using PFM power control. Each
mode is determined by the value of ratio of operating fre-
quency ωs to frequency ωo of resonant circuit free oscilla-

tions, where modes I, III and V correspond to the ratio s

o

ω
ω

from an appropriate range and either mode II and IV – to

one particular value of  .s

o

ω
ω

An inverter with controllable switches can operate at any
mode, while an inverter with SCR thyristors can only oper-
ate in modes III ; V, whereas in case of operation mode III

an additional condition 
max

   1s s

o o

⎛ ⎞ω ω
< <⎜ ⎟ω ω⎝ ⎠

  must be ful-

filled.


� ��
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This results from the necessity of assuring a sufficiently
long reverse recovery time for outgoing thyristors.

The inverter parameters including current and voltage
magnitudes, power dissipated in the load and conduction

times of switches and diodes depend on ratios s

o

ω
ω

 and

.o

o

α
ω

 The range of inverter’s parameters variations in terms

of relative operating frequency s

o

ω
ω

 decreases with increase

in damping factor of the circuit. Maximum values of receiv-
er current and voltage across the capacitor occur at operat-
ing frequency equal the frequency of the circuit free oscilla-
tions whereas the maximum power occur at operating angu-
lar frequency ωs corresponding to resonant angular

frequency 
1

r
o sL C

ω =  of the circuit.

While operating the inverter in mode II or around this

operating point ( s

o

ω
ω

 near 1), a special attention should be

paid not to exceed permissible magnitudes of currents or
voltages, especially in case of a low damping factor.

The voltage across the switches is low and, independent-
ly of operating frequency and damping factor, it is equal to
supply voltage, which is one of the main advantages of the
inverter.

The current through the load is distorted and its shape is
the most similar to a sinusoidal one in mode II.

The operation of inverter is possible over a wide range of
the operating frequency, where the power dissipated in the
load can be controlled by varying that frequency. This way
of power control can be used in inverters operating at low
frequencies. In case of high frequency inverters special at-
tention should be paid to minimizing switching loss. Zero
current switching occurs in modes II, IV and V. However,
due to low inverter power in modes IV and V, a practi-
cal importance has mode II with strictly determined opera-
ting frequency. In the case of high frequency inverters the
power control can be achieved either by using a volta-
ge controlled power source or by other control procedures
different than PFM.

The authors acknowledge the support of the AGH Univer-
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