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Abstract—This work reveals that series resonant networks 
(SRN) operating under CCM condition, can deliver 
approximately constant power under varying load condition 
without a frequency change or duty cycle control.  The model 
developed in the study, delineates the relationship between 
characteristic impedance, the deviation of the excitation 
frequency from the resonant frequency, the load resistance and 
the output power for a given input voltage. As such, the model 
could be used to design a constant power SRN or a series 
resonant converter for a given application. Experimental and 
simulation results verify the analytical model developed in the 
study.  
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I. INTRODUCTION 
 

Resonant networks and their properties are basic 
electrical subjects that are covered in practically all electrical 
engineering textbooks. The importance of the series resonant 
network (SRN) in power electronics stems from the fact that 
it is the precursor of the series resonant converter (SRC) that 
has been found to be very useful in a wide range of 
applications such as induction heating, high output voltage 
converters, capacitor chargers, and others [1-15]. Analysis 
and design of the SRC is often carried out by a simplified 
equivalent SRN that is obtained by applying the first 
harmonics approximation and the Rac equivalent resistor 
concept [16]. Applying this and other analytical methods, the 
characteristics of the SRC were presented extensively in 
many previous publications [17-21] Although the SRC 
converters possess some inherent characteristics such as a 
high output impedance [17], they are operated in most cases 
in closed loop by monitoring the output voltage, output 
current or output power, and a feedback loop that controls the 
driver’s switching frequency, duty cycle or both.  

 
This work reveals a new characteristic of the SRN that has 

not been explored hitherto. It is proven that under some 
specific operating conditions, the SRN can be operated as a 
power source for a relatively wide range of loads. The focus 
of this paper is the analysis and demonstration of the constant 
power capability of the SRN and it does not dwell into SRC 
realizations which are only discussed briefly in the 
‘conclusion’ section.    

 

II. THE OBSERVATION 
 
By running a circuit simulation of an SRN (Fig. 1), one 

can obtain the familiar family of voltage gain curves 
(Vout/Vin) between the source Vin and the voltage across the 
load R, Vout, as function of the excitation frequency fs  (Fig. 
2). Fig. 2 is plotted for a normalized SRN with input voltage, 
Vin, of 1V, resonant frequency fo, of 1Hz and a characteristic 
impedance, Z, of 1�. As can be observed in the parametric 
plot of Fig. 2, none of the curves cross each other, except for 
the joint point at the resonant frequency. This implies that for 
any given excitation frequency, the gain changes as the load 
resistance varies.  Examination of the output power (Fig. 3a) 
of the normalized demo circuit of Fig. 1, reveals an extensive 
crossing between the power curves.  For example, at around 
1.14Hz a number of curves cross each other as seen in the 
zoomed and more detailed plot (Fig. 3b). This implies that at 
that excitation frequency, the output power is about constant 
for a specific range of load resistors. This constant power 
attribute is explored by the model developed in this study. 
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Fig. 1. The generic series resonant converter. 
 

 
 
Fig. 2. Typical voltage gain ratio of a series resonant network for a range of 
load resistors. 
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Fig. 3. (a) Normalized output power of a series resonant network for a range 
of load resistors. (b) Zoom on a region with crossing output power curves.   

 
 

III. ANALYICAL MODEL DEVELOPMENT 
 
The output to input voltage ratio of an SRN can be 

expressed as    ������� �	
 � �
����������������         (1) 

where: Vout=Output voltage; Vin= Input voltage; 
 �� � �������;   �� � ��	� ; Cr= Resonant capacitor;  

Lr= Resonant inductor; fr = Resonant frequency;  
fs = Drive frequency  ! � "# � $��# ; % � &����; R= Load resistance 

From above, the output power, P, can be expressed as  
 ' � ����#(���)�*�+ ��,�-�=� ����#��.
�+ ,� =� ����#�/+ (2) 

Where   0 � �% 1 2
3  ;  2 � 	4	5 6 	5	4 
 
The normalized equation (2) (Vin2=1; Y=1) is depicted in 

Fig. 4.  
 

 
 

Fig. 4. Normalized output power as a function of R for Y=1 Vin =1(equation 
2). 

 
As observed, equation (2) is a parabolic function reaching 

a maximum when 78 � 90 � % 1 2       (3) 
and hence, 0 � 783  

with a maximum power value Pm of  '8 � ����3#:   (4) 
Since any horizonal line in Fig. 4, below 0.5, will cross 

the parabolic curve twice, it implies that any two load 
resistors will receive the same power for any given switching 
frequency. This explains the observed curves crossing in 
Figs. 3a and 3b. For a SRN with a given Vin and Y, the 
resistances of the two resistors R1, R2, that will receive the 
same power P are  

7�; 73 � <���= ><��?=� �@A
3     (5) 

which converges to a single value Rm at Pm.  
 

The relationship between the relative load resistance 
variation, K, and relative power change, Pr, can be expressed 
as: 

'B � C�D#:
C�#:
 � E <���
F+:G +:�F+:

H
<����+:

� 3D�IF (6) 

where  K = R/Rm .  
This relationship is depicted Fig. 5 which delineates the 

constant power capabilities of the SRN. For example for a 
50% change of the load resistance the output power will 
change by 10% {2/(1.5+1/1.5)= 0.9}.  

 
Fig. 5   Relative change in power as a function of relative change in load 
resistance (equation 6). 
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From '8 � ����3#: � ��:�#:    (7) 
the maximum output voltage, Vom , at maximum power, Pm, is 
found to be: JK8 � ���93     (8) 

 
The output current Io can be expressed as  

LK � LK8&�� 6 �����:� �   (9)  

where the maximum output current, Iom , is  LK8 � &C:#:     (10) 

Equation (9) is highly relevant to capacitor charging since 
it shows how the current is changing as the capacitor is 
charged. The function In=Io/Iom = f(Vo/Vom) is depicted in Fig. 
6.  

 

Fig. 6. Normalized output current In (In=Io/Iom ), vertical axis,  as a function 
of the normalized output voltage (Vn=Vo/Vom) - per  equation (9). 

From (9), the power delivered to the load as a function of 
the load voltage can now be expressed as 

'K � 'K8 ����: &�� 6 �����:� �   (11) 

The normalized behavior of this function is depicted in 
Fig. 7. 

 

Fig. 7. Normalized output  Pn (Pn=Po/Pm ), vertical axis, as a function of the 
normalized output voltage (Vn=Vo/Vom) - per  equation (11) 

 

 

 
 

Fig. 8. Comparison of experimental, simulation and model calculation 
results. “Simulation plus 1�” accounts for parasitic resistance in 
experimental set up.  

 
IV. EXPERIMENTAL 

 
Experiments were carries out on the basic resonant 

network (Fig. 1) having the following parameters: Lr=47�H, 
Cr=0.22�F, Drive frequency= 61.2kHz, Drive amplitude= 
5Vpp. Source resistance: 50�. The series load resistor (in 
addition to source resistance) was change between 20� and 
100� in increments of 5�. Excellent agreement was found 
between experimental, simulation and model calculation 
results. Simulation was repeated (“Simulation plus 1�”) to 
include the parasitic resistance that was apparently present in 
the experimental set up. This improved the matching of the 
experimental and simulation results. 

 
IV. DISCUSSION AND CONCLUSIONS 

 
This work reveals that series resonant networks (SRN) 

operating under CCM condition, can deliver approximately 
constant power under varying load condition without a 
frequency change or duty cycle control. The model developed 
in the study, delineates the relationship between 
characteristic impedance, Z, the deviation of the switching 
frequency from the resonant frequency X, the load resistance 
and the output power for a given input voltage. As such it 
could be used to design a SRN or a SRC for a given 
application.   

The presented model explains the fact that any two load 
resistors will receive the same power at one specific 
switching frequency predicted by the model. This explains 
the observed crossing of the curves in Fig. 3a and 3b.  The 
implication of this crossing is that load with resistances in the 
neighborhood of Rm, will receive approximately the same 
power, the degree of which is expressed by (6) and depicted 
in Fig. 4. A corollary of the model which agrees with earlier 
publication [17] is that the output current of the SRN as a 
function the output voltage, for a fixed switching frequency, 
changes by only about 40% from zero voltage to the voltage 
of maximum power. This exhibits the current sourcing nature 
of the SRN which is the precursor of the SRC. However, 
despite the increase in current at low output voltage (Fig. 5), 
the power level drops considerably at low output voltages 
(Fig. 6).  
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The implications of this study are that when the variations 
of the load resistance of the SRN are moderate it will deliver 
approximately constant power. For example, for a 30% 
change in load resistance the power variation will be only  
about -3.5%. However, in the case of large output voltage 
variations, such as in the case of a capacitor charging by a 
fixed switching frequency CCM SRC, the SRN behaves more 
like a current source and hence the power delivered at the 
initial voltage range will be relatively low (Fig. 6). This 
behavior conforms with good engineering practice since 
constant power charging at the low voltage range implies 
unacceptable charging current.    

Based on the above, it can does be concluded that the 
contribution of the analytical model developed in this work is 
the added insight into the behavior of the CCM operated SRN 
and hence the SRC. 
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