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ESTIMATING THE LIMIT POSSIBILITIES OF THE STEP CHARGING SYSTEM 
FOR CAPACITIVE ENERGY STORAGE 
 
The aim of the article is to estimate the limit possibilities of step-by-step charging the capacitive energy storage which are caused 
by the achievement of a balance among the processes of the receiving and losing of electromagnetic energy. Originality. For the 
first time a step the charging system as a high power converter for pulsed load was considered, that allow to simplify similar 
charging systems and make its chipper while saving output characteristics and common quality. Methodology of the analysis ap-
plied is based on the classic electric circuits theory. All of the resulted carried out, were obtained as the differential equation solu-
tions and its behavior was analyses analytically. Results. The basic diagram of the step-by-step charging system what is an alter-
native to the traditional variant with the step-up transformer was described. This system realizes the serial charge voltage increas-
ing by the separate portions of energy, which has been, accumulated preliminary in the inductive energy storage. The formulas 
for estimating the limit possibilities of the step-by-step charging were got. These limits are caused by achieving a balance of the 
entering and losing electromagnetic energy. The applicability of the formulas was illustrated by numerical examples. Practical 
value. According to the results that were obtained, it is possible to note, that the step charging system is acceptable to be used as a 
high power converter for capacitive storage charging. References 5, figures 1. 
Key words: capacitive energy storage, step-charged system, analytical analysis, electrical circuits, inductive energy storage. 

 
Описана принципиальная схема ступенчатого заряда емкости, альтернативной традиционному варианту с повы-
шающим трансформатором и предполагающей последовательное повышение зарядного напряжения за счёт подачи 
отдельных порций энергии, предварительно запасённой в обмотке специального индуктивного накопителя. Получены 
формулы для оценки предельных возможностей ступенчатого заряда, обусловленных достижением баланса в процес-
сах поступления и потерь электромагнитной энергии. Применимость формул проиллюстрирована численными при-
мерами. Библ. 5, рис. 1. 
Ключевые слова: емкостной накопитель энергии, система ступенчатого заряда, аналитический анализ, электрические 
цепи, индуктивный накопитель энергии. 

 
Introduction, analysis of publications. The tradi-

tional scheme of the capacitor storage charge comprises 
two main components: a voltage step-up transformer and 
rectifier (Fig. 1,a). Not stopping on description of the 
efficiency and highly successful examples of the long 
exploitation of the different electrical engineering de-
vices, it should note this scheme is not without shortcom-
ings. Among the most significant shortcomings, the real 
performance cumbersome is the main (including weight 
and overall dimensions, electronic components, etc.) and 
its relatively high cost [1, 2].  

So-called step-by-step charging systems for capaci-
tor banks are devoid of these shortcomings. The effec-
tiveness of this charge is based on the «portioned» pump-
ing of the capacitive electromagnetic energy by the volt-
age pulses the amplitude of which increases in time [3, 4]. 

However, how it follows from a priori phenomenol-
ogical considerations the practical possibilities of scheme 
with the immediate implementation of the step-by-step 
charging are quite limited. 

According to the physical point of view the above 
mentioned limitations are caused by the fact when the 
next charging voltage pulse comes to the capacitance in-
put a discharge is occurring simultaneously. Upon the 
reaching of a balance between the incoming electromag-
netic energy level and the level of its loss the charging 
process must stop, and the amplitude of the voltage on the 
capacitance (as well as the stored energy!) should be re-
mained unchanged.  

The aim of the article is estimating the limit possi-
bilities of step-by-step charging the capacitive energy 
storage which are caused by the achievement of a balance 

among the processes of the receiving and losing of elec-
tromagnetic energy. 

The calculated relationships, the numerical esti-
mates. At the beginning a brief description of the step-by-
step charging scheme for the capacitor energy storage 
which was adopted as a calculation model and was shown 
at the Fig. 1,b will be given. 

 
a 

 
b 

Fig. 1. The schematics charging of the capacitive energy storage: 
a – it is the traditional variant with the step-up charging 

transformer Т; b – it is a variant without a step-up charging 
transformer 
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This scheme consists of 2 major blocks: 1 – induc-
tance L (a block of energy charging) which could be pre-
sented by DC or rectified voltage source with an ampli-
tude U0 and 2 – a block which transforms a pre-stored 
magnetic energy into electrical energy capacitor storage C 
(R0 and R – are current-limiting resistors). 

Initially, the switch K1 is closed, K2 – open. Through 
the resistor R0 the signal from the voltage source U0 enters 
in the loop circuit 1 and charges the inductive storage L. 

Upon reaching the maximum accumulated magnetic 
energy the key K1 is being opened and the key K2 is being 
closed. The transformation of inductance energy L into 
capacitive energy C is occurring. The capacitor is being 
charged up to some voltage level that is equal to the sum 
of the initial value and of some increment. 

At the end of the charge switch K2 is opened and the 
switch K1 is closed. The circuit takes up the initial state 
and the above described process is being repeated. 

In solving the problem according to the formulated 
aim the mathematical apparatus of the electrical circuit 
theory was used [5]. 

Leaving out the details of integrating the differential 
equation which describes the transition process in the 
circuit blocks 1 and the necessary mathematical transfor-
mations the final expression for the current in the inductor 
can be wrote. 
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where 0 = L/R0 – is the time constant of the «R0 – L» 
circuit. 

After time to t  30 in accordance with (1) 
J(t)Jm = U0 / R0. It means the current and the electro-
magnetic energy are achieving their maximum. 

Further, in accordance with the description of the 
processes in the step-by-step charging scheme in Fig. 1 
the charge of the capacitor storage C is occurring. 

Similarly to the above the details integrating of the 
equation of the transition process in the circuit 2 (for open 
K1 and closed K2) were omitted, and the final expression 
for the voltage on the capacitance UC(t) was written.  
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where  = R / 2L – is the damping rate; 

 22
0  is the oscillation frequency; 

LC

1
0   

– is the own circuit frequency; UC0 – is the initial capaci-
tance voltage; Jm = U0 / R0 – is the inductor current at the 
moment of commutation. 

The maximum increment of voltage in the arbitrary 
cycle relatively to the initial value takes place after time 
equaled to a quarter of the oscillation period – t = /2 
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where 0 =  /  – is the relative damping rate. 
Charging time what is equaled to the quarter of the 

period is conditioned by the diode presence in the circuit 2. 
Accepting the idealization when 0  0 which re-

lates to the maximum possible values of the output pa-
rameters of the charge with the lowest possible energy 
dissipation in the active resistance of the circuit according 
to the dependence (3) we get 
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sistance.  
It is clear the condition of the balance in the process 

of income and loss of electromagnetic energy is equaled 
to zero growth in the next charging cycle, that is 
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tUC . If to take into account that the 

initial value of the voltage on the capacitance in the same 
charging cycle is the result of accumulation process start-
ing with the voltage of the external source U0 during the 
previous cycles it is possible to write UC0 = NU0. 

According to the remarks above, with help of the re-
lation (4), we find that 
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The dependence (5) is the solution of the formulated 
aim. It fixes the limiting number of the possible cycles of 
the capacitor storage charge to achieve the maximum 
voltage value, which is the highest for the given parame-
ters of the system. 

Numerical estimates. 
Let us, it is necessary to charge the capacitive en-

ergy storage C =1200 F of the magnetic pulse plant up 
to UC0 = 2.2 kV by the AC source U0 = 220 V. An active 
circuit resistance of the branch with the magnetic energy 
inductive storage is R0 = 0.1 Ohm. [1]. 

It is necessary to find the next data: 
 the required quantity of charging cycles N; 
 the value of inductance that ensures the implementa-

tion of the step-by-step charging process L; 
 the maximum charge current of the inductive storage 

Jm; 
 time of achievement of the maximum inductor 

current tL. 
From (5) we find the required number of charge 

cycles: 
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The value of inductance that ensures the implemen-
tation of the step-by-step charging process is also deter-
mined by (5)  

    0012.01012001.010 622
0  CRNL  H. (7) 

The maximum charging current of the inductive 
storage is based on (1),  
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The necessary time term to reach the maximum cur-
rent at the inductive storage could be find as (formula (1))  
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Thus, the charge up of capacity C = 1200 F up to 
2.2 kV with mains voltage equaled to ~ 220 V can be car-
ried out during 10 cycles of the step-by-step charge, with 
a maximum charging current in the inductance circuit 
~ 2.2 kA. The necessary voltage level could be achieved 
in ~ 0.036 s. 

Conclusions.  
1. The work and benefits of the capacitance step-by-

step charging system which is a successful alternative to 
the traditional scheme with step-up transformer and based 
on the portioned energy charge was described. 

2. The estimation of limit possibilities of the step-by-
step charging for the capacitive energy storage which are 
caused by achievement of balance among the processes of 
receiving and losing the electromagnetic energy was ful-
filled. 

3. The simple calculated ratios were received. Their 
applicability was illustrated by some numerical examples. 
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