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REZUMAT. Problema comutaţiei, la întreruptoarele
întreruptoarele de tensiune continuă se referă la aparate electrice de comutaţie şi se
manifestă diferit în curent continuu, faţă de curentul alternativ. La deconectare, comutaţia este însoţită de obicei de
amorsarea, arderea şi stingerea arcului electric, iar întreruperea
întreruperea unui circuit de tensiune continuă se realizează prin metoda
generării tensiunii inverse, oscilaţiei curentului divergent şi injectării curentului invers. Lucrarea de faţă prezintă o variantă
de contactor cu IGBTIGBT-uri utilizat la deconectarea prin injecţie de curent invers a întreruptoarelor de tensiune continuă.
Cuvinte cheie: comutaţie, injecţie de curent invers, IGBT.
ABSTRACT. The DC circuit breakers switching problem refers to electrical switching devices and applies differently in DC as
in AC. The switching is usually accompanied by the ignition, the burning and the extinction of the electric arc as well in the
connection but especially in the disconnection. The breaking of the DC circuit is achieved using the inverse voltage
generation method,
method, the divergent current oscilation method and the inverse current injection method. This paper presents
a contact with IGBT transistors, used to discon
disconnect the DC circuit breakers applying the injection of inverse current.
Keywords: switching, inverse current injection, IGBT.

1. INTRODUCTION
The energy quality problems are becoming
increasingly important for utilities because of more and
more sensitive loads. Of all the problems most serious
are voltage sage and momentary outage. The voltage
sag is mainly caused by short circuits in the distribution
network. The distributed flow of the fault currents can
damage the equipments such as switches and other
commutation devices in the system.[1] As a result some
industrial consumers experience some interruptions
through economic losses. Therefore at the consumers
level we currently study techniques to eliminate high
fault currents, how to increase reliability provided by
the system. One way of limiting the fault current is
using the power limiter to reduce the current to an
acceptable level, so that the electric equipment can
protect the power network.
Modern power networks have a great need for high
performance currnet limiting devices or switches. The
emergence of power semiconductor devices such as
IGBT, GTO, a.s.f., have stimulated the development of
DC circuit breakers. Requirements for a switch to
operate under normal conditions without defects are:
- Fast intreruption of short circuit current, of the
rated current or of the overload without causing an
abnormal voltage;
- To have low power failure an losses;

- To withstand short circuit for a required time
period to establish if a defect is permanent or transitory,
and whether or not to interrupt the circuit;
- When the switch is opened, it must be a good
isolator and withstand rated or transiet voltage;
- Be able to quickly and safely close a shorted
circuit.
Electromechanical classic breakers have a minimal
contact resistence into a closed circuit and a very high
contact resistence into an open circuit, this is to achieve
the mechanical and galvanic separations of contacts.
The electric arc appearance leads to wear of contacts
and thus reduce the life of equipment and high
maintenance costs. Power semiconductors devices with
high reliability, act quickly to extinguish the electric
arc, providing reduced maintenance costs of contacts.
At DC voltage networks is well known the problem of
DC switching due to the need of disconecting high
current values. The problem related to switching of DC
voltage circuit-breakers refers to switching electric
equipments (EE) and manifests differently than in the
case of AC. Switching both the connection and
especially the disconnection is usually accompanied by
ignition, burning and extinguishing the switching
electrical arc.
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2.. METHOD USED IN THE DC SWITCHING
Because the DC systems do not show a current zero
crossing naturally becoms a problem when currents
must be interrupted. For solving problems related to
current commutation the point is to try to create a zero
point for the short circuit current. There are certain
methods for solving this problem.
The inverse voltage generation method reduces the
current at zero by creating a larger arc voltage
compared to the supply voltage, as in low voltage
circuit breakers. Applying this method to high voltage
direct current systems seems rather difficult beacause of
the high arc voltage and the high values of the energy to
be dissipated. Part of the energy is dissipated in most
applications through a resistor and/or capacitor and the
other parth through the arc.
The divergent current oscilation method creates a
zero point by the amplitude amplification of high
frequency current oscilation. This method uses the
benefits of the negative slope characteristics of the
electrical arc, witch causes an oscillating current in the
circuit formed by the ascending arc, the capacitor C and
the inductance L. A small increase of the arc voltage
determines an increase of the current through the
capacitor resulting in a corresponding decrease of the
arc current, which induces a further increase of arc
voltage due to the negative characteristic of the arc.
Stability analysis show that if the time constant of Ta
spring is less than a critical value Tc and if the dynamic
resistence of the electric arc is negative, then the
oscillating current will increase in amplitude [2]. The
AC circuit breakers (with oil, air, vacuum or SF6) can
be used for switching in this case, but must be modified
to minimize the effect of parallel capacitor.
The inverse current injection method creates a zero
point by the superposition of an inverse high frequency
current over the direct current, by discharging of a
capacitor, previously charged. Conventional AC circuit
breakers can be used in this case, but the auxiliary
circuit configuration tends to be more complicated than
other methods.
To overcome this problem the injection of a reversed
current is proposed.

thyristors T1÷T4, the turn-off capacitors C1÷C4, the turnoff coils L1÷L4 and the inverse current diodes D1÷D4.

Fig. 1. Static contactor with turn-off LC

The
differential
equations
system
witch
characterizes the operation of the turn-off circuit are:

i1 − i 2 + i 3 + i 4 − i a = 0
di1
di
+ Ms ⋅ 2
dt
dt
di
di
u 2 = u 3 = Ls ⋅ 2 + M s ⋅ 1
dt
dt
u3 + u 4 = U0

u1 = U 0 − u 2 = u 4 = L s ⋅

In the ansamble of the autonom contactor with turnoff LC (figure 1) can be distinguished the main

(2)

(3)
(4)

Where U0 is the voltage in intermediar circuit
current and Ls şi Ms is the inductor self-inductance
respectively mutual inductance in the turn-off circuit.
Beacause the time interval t1, in which the current
on thyristor T1 drops to zero is less than a half of cycle
we may assume that u1(t)=U0. This voltage is equal with
the turn-off coil voltage and the voltage applied on
thyristor T1 at the moment t=t1, hereupon thyristor T1 is
bloked.

u T1 (t1 ) = − U 0
(5)
To determine the voltage on thyristor T1, to an
intermediate coupling factor (k1) the voltage upon the
capacitor C2 and the current through the thyristor T1 at
the moment t1 are:
u 3 (t1 ) = 0,5U 0 ⋅ (1 + cos(ω3 t1 ))
i 2 (t1 ) =

3. STATIC CONTACTOR WITH TURN-OFF
LC

(1)

where: ω32 =

ia
k1

(6)
(7)

1
C s (L s − M s )

The conditions of turn-off groups are estabilished
based on the intermediary factor as in the equations:
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i 2 (t1 ) = i a

(8)

u 3 (t1 ) = U 0

(9)

When the voltage u3 is negative, the reverse current
diodes D2, D4 start to conduct. This means that at the
moment t=t2 in the inductor L2 the stored energy must
be minimum, so during the conduction interval of the
thyristor T2 is also minimum because the increased
value of the current in the thyristor T2 automatically
increases the conduction time interval of the diode D2
during the commutation process.
If the thyristors T1 and T3 control the inductance
terminals L1-L3 we face a potential difference of
approximately U0/2. The capacitor C1 is quickly
discharged and capacitor C2 is charged at voltage U0.
At the end of the firs half cycle, capacitor C2
discharges through L2 and T2, and a voltage drop

occurs on the second magnetically coupled turn-off
coil, witch determines the reverse polarization of the
thyristor T1.
In this case we can say that switching is clearly a
forced one.

4. CONTACTOR WITH IGBT TRANSISTORS
Based on these considerations, the disconnection of
short circuit current is achived by current injection
using a single-phase bridge made of IGBT’s, controlled
by PWM. In the structure of the modulator shown in
figure 2 can be distinguished: Q1-Q4 transistors, C1-C4
capacitors, R1-R12 resistances and D1-D12 diodes.

Fig. 2. Contactor electrical diagram with IGBT transistors

The transistor receives the command through the
R/R/D network (eg R9/R5/D5). At direct switching the
resistance R has a high value (470Ω/1W), so that
eventually the switching is slower. At reverse switching
the resistance R has a small value, (47Ω/5W) and is
connected in series with a fast diode. This resistances
were chosen so that direct an reverse switching times to
be as close. At diect switching you can obtain the time
of 100ns, and for reverse commutaion a time similar to
it. The zener diodes D9, D10, D11 and D12 are designed to

protect the Q1, Q2, Q3, and Q4 transistors grid. For
protection were also used four snubber circuits, each
consisting of a diode, resistance and capacitor, (eg.
D1/R1C1).
Setting the generators operating parameters,
frequency, filing factor and call time is achieved
through software control. The figure below presents the
graphical interface of the generator control application
PWM
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Fig. 3. PWM generator control window

At a load resistence of 2.5 Ω, a 1.2 A current, supply
DC voltage of 70 V , the guard time set to maximum
value of 10.58 µs and the filing factor at 75%, the
waveforms on the load voltage and current are shown in
figure 5.
150
100
50
Voltage [V]

The filing factor is digitally represented on 10
bit/alternation. Frequency is digitized on 8 bits and can
range from 11.7 kHz to 3 MHz. Of course the
functioning of inverter accepts range of tens of KHz
frequency.
PWM
signal
frequency
changes
logarithmically from the control window. Call time is
represented on 7 bits and takes values up to 10.58 µs.
The window allows digital display of both content of
the change registry and the data resulted. Depending on
the adjustment made it will display waveforms of
signals generated by PWM.
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5. EXPERIMENTAL RESULTS
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Fig. 4. Experimental modulator

presents the following performance:
A. Performance measurements on loads

(b)
Fig. 5. Waveform of voltage (a) and waveform of current (b) at a
filing factor 75%

Only by changing the filing factor and keeping the
same values as above the waveforms of the load voltage
and current are shown.
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Fig. 7. Direct (a) and reverse (b) switching of the Q1 transistor
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Fig. 6. Waveform of voltage (a) and waveform of current (b) at
a filing factor 25%
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B. Performance measurements of direct an reverse
switching IGBT’s
When setting a filing factor at 50%, frequency at
11.7 kHz and the guard time at 10.58µs, measurements
were made on direct an inverse switching transistors.
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Fig. 8. Direct (a) and reverse (b) switching of the Q2 transistor

20
10
0
-10
-20
0

500

1000

1500

2000

2500

Measurements are presented only for transistors Q1
and Q2, the other transistors Q3 respectively Q4 having
the same waveforms.
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6. CONCLUSIONS
In this paper a contactor with IGBT transistors has
been presented. In normal operation the Q1-Q4
transistors are simultaneously ordered aut of step with
the Q2-Q3 transistors. in terms of direct and reverse
switching, we can say that the transistors don’t have the
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same switching time. The duration between two
successive input conduction comands of the Q1-Q4
respectively Q2-Q3 pairs corresponds to one period. The
contactor with PWM control provides a dynamic
answer, beacause the filing factor, the frequency and the
guard time can be modified by command.
In the future the authors intend to determine the
maximum value of the reverse injected current relative
to the value of the short circuit current, namely to
analyze the situation in which the value of the injected
reverse current equals the value of the short circuit
current.
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