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ABSTRACT 
The article presents the results of a qualitative analysis of circuits of autonomous current and 

voltage inverters with cut-off valves. The influence of the charge on the switching capacitor in 

parallel and series equivalent circuits on the restoration of the switching properties of the 

thyristors in the inverter power circuit is studied. It is shown that, due to the energy periodically 

accumulated in the inductive elements of the load, the voltage across the switching capacitor in 

the cut-off state is higher than in a conventional parallel autonomous current inverter. This 

ensures increased switching stability of the inverter. Consequently, the circuit of an autonomous 

current inverter with cut-off valves remains operational in valve converters for variable-frequency 

electric drives and maintains performance during sudden load surges and short circuits, since the 

voltage on the switching capacitor does not depend on the load voltage. Thus, the charge on the 

switching capacitor is preserved even when the load voltage drops sharply between thyristor 

commutations. 

Keywords: autonomous current inverter, inductive load, valve frequency converter, variable-
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Introduction 

In modern industry, variable-frequency electric 

drives based on valve converters play a critical role 

in ensuring energy efficiency, precise speed control, 

and operational reliability of technological 

processes.   However,   traditional         autonomous  

current inverters (ACI) using thyristors encounter 

significant challenges in achieving reliable forced 

commutation, particularly under variable or shock 

loads, low operating frequencies, and during 

overloads or short circuits. In conventional parallel 

ACI circuits, the voltage across the commutation 

capacitor depends directly on the load voltage. This 
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often results in insufficient reverse bias for thyristor 

turn-off, leading to commutation failures and 

reduced operational stability [[1], [2], [3], [4]]. 

These limitations are especially pronounced in 

high-power applications in mining, metallurgy, and 

transport sectors, where sudden load changes are 

common and high commutation reliability is 

essential. Although various auxiliary commutation 

circuits have been proposed in the literature, many 

of them still suffer from strong dependence on load 

parameters, require oversized capacitors, or exhibit 

limited overload capability. 

A promising approach to overcome these 

drawbacks is the use of cut-off valves (auxiliary 

diodes or thyristors), which decouple the 

commutation capacitor from the load during critical 

intervals. This allows independent charging of the 

capacitor and retention of a higher voltage. 

Despite numerous studies devoted to modeling 

and simulation of ACI [[2], [5], [6]], a detailed 

qualitative analysis of the influence of cut-off valve 

circuits on commutation processes — particularly 

the charge dynamics of the switching capacitor in 

series and parallel equivalent circuits under real 

operating conditions, including overloads — remains 

insufficiently addressed. This research gap 

motivates the present study, which performs a 

physico-mathematical qualitative analysis of such 

circuits. 

This study aims to conduct a qualitative analysis 

of autonomous inverter circuits with cut-off valves 

and to evaluate the effect of the switching capacitor 

charge on the restoration of thyristor switching 

properties, thereby enhancing the stability and 

reliability of inverters for variable-frequency electric 

drives. 

 The experimental part 

Theoretical Analysis and Equivalent Circuits. 

In quasi-steady-state mode, the capacitors in the 

power circuit of an autonomous current inverter 

(ACI) act as the primary source for compensating the 

reactive power of the load and restoring the blocking 

properties of the thyristors, thereby maintaining the 

reactive energy balance: 

𝑄н = 𝑄𝛿     (1) 

where: Qδ - is the reactive power required to 
restore the thyristors’ blocking capability; 

Qн- is the reactive power of the load. 
Figures 1 and 2 illustrate that the voltage 

waveform across the capacitors in a conventional 
ACI without cut-off valves is nearly sinusoidal, 
whereas in circuits with cut-off valves, it approaches 
a trapezoidal shape. Reducing the capacitance value 
leads to steeper voltage fronts and enrichment of 
the load voltage with higher harmonics. This 
redistribution of reactive energy significantly affects 
commutation stability [[7], [8], [9], [10]].  

Figure 1 - Scheme (a) and time diagrams (b) 
of a single-phase ACI 

a)   b) 

Figure 2 - Scheme (a) and time diagrams (b) 
of a single-phase ACI with OV 

A detailed analysis of the single-phase bridge 
circuit with cut-off valves (Fig. 3) shows that at the 
instant of commutation (t = 0), the reverse voltage 
across the outgoing thyristors is higher due to the 
energy stored in the load inductance. This enables 
the cut-off diodes (or thyristors) to maintain the 
charge on the switching capacitor independently of 
the instantaneous load voltage. 

Equivalent circuits (series and parallel) were 
derived, and analytical expressions describing the 
capacitor voltage and current during the recharge 
intervals were obtained. The structure of the single-
phase ACI with DC cut-off is illustrated in Figure 4. 
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Figure 3 - ACI with S: circuit (a); time diagram of the 
capacitor voltage (b); replacement circuits (c, d). 

Detailed Operation of the ACI with Cut-off 
Valves 

Consider the operation of a single-phase bridge 
ACI with cut-off valves in quasi-steady-state mode 
(Fig. 3). At the instant t = 0, when thyristors T3 and 
T2 are turned on by the control system, thyristors T1 
and T4 are instantly reverse-biased and turn off. 
However, the cut-off diodes do not conduct 
immediately because the absolute value of the 
capacitor voltage exceeds the load voltage. The 
capacitor discharge occurs through the series LC 
circuit (contour 1-2-3-4-5-6-7-8, see equivalent 
circuit in Fig. 3c). 

When the capacitor voltage reaches zero, the 
cut-off diodes open, and the load current and 
capacitor voltage change polarity. The interval for 
restoring the blocking properties of the outgoing 
thyristors ends when the capacitor voltage reaches 
a certain negative value. 

To investigate the influence of the switching 
capacitor charge in series and parallel equivalent 
circuits, the cut-off diodes were replaced with 
controlled thyristors, allowing a deliberate delay in 
their turn-on. This makes it possible to adjust the 
duration of the series and parallel recharge intervals. 

Under simplifying assumptions, the system of 
equations describing the circuit behavior was 
derived as follows: 

 𝜏1 < 𝜏11 < (𝜏1 + 𝜏2)                        (2) 

For the case of replacing cut-off diodes with 
thyristors, under the simplifying assumption 𝑖𝑑(t) =
𝐼𝑑 = 𝑐𝑜𝑛𝑠𝑡, the following system of calculation 
expressions can be obtained for a single-phase ACI 
with cut-off thyristors: 

𝑈11
′ = 𝑟н𝐼𝑑

𝜏2 =
[𝜋 − 𝑎𝑟𝑐𝑡𝑔 (

𝛺1

Ϭ1
)]

𝛺1

𝑈11 = 𝑟н𝐼𝑑 +
[2𝛺1𝐿𝐻𝐼𝑑 ∙ exp⁡(−Ϭ1𝜏2)]

sin𝛺1 𝜏2
𝜏1

= 𝐶 (
𝑈11

𝐼𝑑 − 𝑟н
) 

where:  

(3) 

Ϭ1 =
𝑟н
2𝐿𝐻

⁡ ; ⁡⁡⁡⁡𝛺1 = [
1

(2𝐿𝐻𝐶) − Ϭ1
2]

1

2

. 

𝑈11 = |𝑈𝐶0| = |𝑢𝐶(𝜏1 + 𝜏2)| 
𝑈11
′ = 𝑢𝐶(𝜏1) = 𝑢н(𝜏1) = 𝑢н(0)

Here, ⁡𝜏1  is characterized as the moment of 
transition from a serial to a parallel recharge circuit 
of a switching capacitor Sk. 

Suppose the switching on of the cut-off 
thyristors is delayed relative to the moment t=0 until 
𝑢𝐶(𝜏11) = 0.  is obtained. Then, in the interval 𝜏11, 
a sequential replacement circuit of the charge Ск 
operates. If you enter the interval𝜏21 for a parallel 
circuit, then you can write the inequality: 

𝜏11+ 𝜏21≠ 𝜏1+ 𝜏2 

Under the above assumptions, the system of 
calculation ratios for ACI with cut-off thyristors has 
the form:       

⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡𝑈11
1   = 0 ,

⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡𝜏21 =
п

2𝛺1
 , 

⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡𝑈11 =⁡𝑟𝐻⁡⁡𝐼𝑑 + 2𝛺1𝐿𝐻𝐼𝑑 ∗ exp (-Ϭ1⁡𝜏21) ,  

(4) 
𝜏11 = 𝐶 ∗ 𝑈11/ 𝐼𝑑 . 

In the circuit with cut-off thyristors𝑡𝐵1 = 𝜏11,, 
and in the circuit with cut-off diodes𝑡𝐵 = 𝜏1 +
⁡𝜏2⁡
′ Obviously, in the latter case, it is necessary to

have the expression 𝑈𝑐 (t) on the recharge interval 
in a parallel circuit, and then the value of 𝜏2⁡

′ ' is found
from the solution of the equation: 

𝑈𝑐(𝜏2⁡
′ )= 0.  (5) 

Analysis of the obtained expressions reveals the 
following key advantages of ACI circuits with cut-off 
valves: 

a) Due to the energy stored in the load
inductance, the voltage across the switching 
capacitor in the cut-off state is higher than in a 
conventional parallel ACI at the moment of 
commutation. 
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b) The capacitor voltage is independent of the
load voltage and operating frequency, which 
ensures reliable operation of the inverter in variable-
frequency drives, even at low frequencies. 

c) The charge on the switching capacitor is
preserved even during sharp decreases in load 
voltage between commutations. This provides 
stable switching under sudden load surges and 
short-circuit conditions. 

d) The use of cut-off thyristors allows controlled
variation of the ratio between series and parallel 
recharge durations, offering additional flexibility in 
circuit design. 
Complete decoupling of the commutation circuit 
from the load circuit in a single-phase ACI is achieved 
only when cut-off valves are used [[11], [12]].   

Figure 4 - Single-phase ACI circuit with DC cut-off. 

Figure 5 - Single-phase bridge ACI with cut-off valves: (a) 
circuit diagram; (b) switching circuit through D1 and Dк; 

(c) switching circuit through D2 and D3; 
(d) time diagrams. 

Compensation of the reactivity of the load in the 
AIS is carried out due to the reactive current valves 
and the capacitance of the filter 𝐶ɸ⁡connected to the 

power source 𝐸𝑑  or due to inter-phase interactions. 
It will be shown below that the separation of the 𝐿к 
From the 𝐶к  circuit is possible in a single-phase AIS 
only in the presence of OF [[13], [14]].  

 Let's consider the operation of a single-phase 
bridge circuit of an AI with an OV (Fig. 5). 

Discussion of the results 

The qualitative analysis demonstrates that the 
introduction of cut-off valves (diodes or auxiliary 
thyristors) fundamentally improves the 
commutation process in autonomous current 
inverters. The main advantage arises from the 
decoupling of the switching capacitor recharge 
circuit from the load during critical intervals. As a 
result, the voltage across the capacitor at the 
moment of thyristor turn-off is significantly higher 
than in conventional parallel autonomous current 
inverters (ACI), which directly enhances switching 
stability. 

Interpretation of the results shows that the 
voltage on the commutation capacitor becomes 
largely independent of the instantaneous load 
voltage and operating frequency. This property is 
particularly valuable for variable-frequency electric 
drives operating at low speeds or under fluctuating 
loads, where traditional circuits often lose 
commutation reliability. 

Comparison with previous research confirms the 
obtained findings. In conventional ACI schemes, 
commutation depends heavily on load parameters, 
which frequently leads to failures during overloads 
and short circuits [[15], [16]]. The analyzed circuits 
with cut-off valves successfully overcome this 
limitation, which is consistent with earlier reports on 
auxiliary commutation techniques [[17], [18], [19], 
[20]]. The observed increase in stored energy from 
the load inductance further supports the higher 
reverse bias voltage, aligning with theoretical 
expectations for forced-commutated thyristor 
inverters. 

Limitations of the study 
The present work is based on qualitative 

theoretical analysis and idealized equivalent circuits, 
assuming ideal circuit elements. In real devices, 
losses, parasitic parameters, and non-ideal thyristor 
recovery characteristics exist, which may 
quantitatively affect the predicted commutation 
margins. No new laboratory experiments on a 
physical prototype were conducted in this study; 
validation relied on analytical consistency and data 
from previously published works. 
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Future research plans 
The next stage of the research should include 

detailed numerical simulation using SPICE or 
MATLAB/Simulink models with real thyristor 
parameters, followed by experimental testing on a 
scaled laboratory prototype under controlled 
overload and short-circuit conditions. Quantitative 
comparison of commutation margins, efficiency, and 
harmonic distortion with conventional circuits will 
provide stronger practical recommendations for 
industrial implementation, particularly in mining and 
other heavy industries. 

Conclusion 

The conducted qualitative analysis has shown 
that the use of shut-off valves in autonomous 
inverter circuits provides a significant improvement 
in commutation stability and overall operating 
reliability. Owing to the decoupling of the 
commutation capacitor from the load circuit, the 
capacitor is able to retain its maximum voltage 
between switching intervals, which makes the 
commutation process substantially less dependent 
on load conditions. This feature is especially 
important under variable load operation, overloads, 
and short-circuit modes, where conventional 
inverter circuits may experience a deterioration of 
switching performance. The study confirms that the 
proposed circuit   solutions create   more favorable  

conditions for restoring the blocking properties of 
thyristors and ensuring stable inverter operation 
over a wider range of operating regimes. Therefore, 
inverter circuits with shut-off valves can be 
considered a promising technical solution for valve 
frequency converters used in adjustable-speed 
electric drives, particularly in high-power industrial 
applications characterized by severe and rapidly 
changing load conditions. In addition, the identified 
operating principles may be extended to the 
development of both current-source and voltage-
source inverter systems with enhanced reliability 
and improved dynamic characteristics. Future 
research may be directed toward detailed 
quantitative evaluation, simulation-based 
verification, and experimental validation of the 
proposed circuit approaches under real operating 
conditions. 
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ТҮЙІНДЕМЕ 

Мақалада ажыратқыш (сөндіру) клапандары бар автономды ток және кернеу 

инверторларының схемаларын сапалық талдау нәтижелері келтірілген.  Параллель және 

тізбекті эквивалентті схемалардағы коммутациялық конденсатордың зарядының 

инвертордың қуат тізбегіндегі тиристорлардың коммутациялық қасиеттерін қалпына 

келтіруге әсері зерттелген. Жүктеменің индуктивті элементтерінде мезгіл-мезгіл 

жинақталатын энергияның арқасында ажыратылған күйдегі коммутациялық 

конденсатордағы кернеу әдеттегі параллельді автономды ток инверторына қарағанда 

жоғары болатыны көрсетілген. Бұл инвертордың коммутациялық тұрақтылығын арттырады. 

https://doi.org/10.31643/2028/6445.04
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Нәтижесінде ажыратқыш клапандары бар автономды ток инверторының схемасы айнымалы 

жиілікті электр жетектеріне арналған вентильді түрлендіргіштерде жұмыс істейді және 

кенеттен жүктеме секірістері мен қысқа тұйықталулар кезінде де өзінің жұмыс қабілеттілігін 

сақтайды, өйткені коммутациялық конденсатордағы кернеу жүктеме кернеуіне тәуелді 

емес. Сонымен, коммутациялық конденсатордың заряды тиристорларды ауыстыру 

аралығында жүктеме кернеуі күрт төмендеген кезде де сақталады. 

Түйін сөздер: автономды тоқ инверторы, ажыратқыш клапандар, коммутациялық 

конденсатор, коммутациялық тұрақтылық, айнымалы жиілікті электр жетегі. 
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АННОТАЦИЯ  

В статье представлены результаты качественного анализа схем автономных инверторов тока 

и напряжения с запорными (отсечными) вентилями. Исследовано влияние величины заряда 

коммутирующего конденсатора в параллельных и последовательных схемах замещения на 

восстановление коммутационных свойств тиристоров силовой цепи инвертора. Показано, 

что благодаря энергии, периодически накапливаемой в индуктивных элементах нагрузки, 

напряжение на коммутирующем конденсаторе в отключённом состоянии выше, чем в 

обычном параллельном автономном инверторе тока. Это обеспечивает повышение 

коммутационной устойчивости инвертора. В результате схема автономного инвертора тока 

с запорными вентилями сохраняет работоспособность в вентильных преобразователях для 

частотно-регулируемых электроприводов и остаётся работоспособной при внезапных 

бросках нагрузки и коротких замыканиях, поскольку напряжение на коммутирующем 

конденсаторе не зависит от напряжения нагрузки. Таким образом, заряд коммутирующего 

конденсатора сохраняется даже при резком снижении напряжения нагрузки в промежутках 

между коммутациями тиристоров.  

Ключевые слова: автономный инвертор тока, запорные вентили, коммутирующий 

конденсатор, коммутационная устойчивость, частотно-регулируемый электропривод. 
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