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Non-contact voltage relay for switching windings of a boost
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Abstract. In power supply systems the change in the magnitude of the voltage degrades the operation of
electrical appliances right up to their failure. The proposed scheme of a contactless voltage relay based on a
contactless voltage relay with switching the windings of a booster step-up transformer with a time delay
allows switching the windings of a magnetizing booster transformer with a voltage change at the consumer
terminals. Analytical studies of a non-autonomous non-linear dynamic circuit, which is the basis of the
proposed device based on the classical method of solving a differential equation, which determines the
nature of the voltage change for controlling thruster switches. The change of energy parameters of the
proposed stabilizer depending on the voltage is given. The article considers the principle of operation of the
proposed scheme of a contactless switching device based on a contactless voltage relay that switches the
windings of a booster step-up transformer. An analytical study of a non-autonomous nonlinear dynamic
circuit, which is the basis of the proposed device and the characteristics u, = f t required for switching
the thruster is presented.

One of the important indicators of the quality of current passes through zero, thereby discon-necting the
electricity is the stability of the current voltage value. boost coil transformer [4-5].
Using special technical means of regulation namely ‘[ ~U I

transformers with voltage regulation under load or step-
up transformers it is possible to improve the quality of
the voltage. In this case, it is necessary to change the
number of turns the primary windings of the transformer
or switch the magnetizing windings of the amplifier
amplifier transformers. For this purpose we propose to
use contactless voltage relays based on resistive
nonlinear circuits [1-3].

Consider the circuit (Fig.1) of the proposed
contactless switching device based on an optoelectronic
voltage relay. The device consists of two proximity
relays. The first (I) relay is used to turn on the voltage
boost transformer (BT) winding. The second (II) relay
serves to disconnect the winding of the boost
transformer.

The proposed circuit works as follows: when the
input voltage is reduced the first relay is activated and a
control signal is applied to open the power thruster,
which turns on the winding of the boost transformer in Ziong ~U
the network. With a further increase in the input voltage,
the second voltage relay is triggered by shunting the
optocoupler diode circuit of the first relay with its
thruster optocoupler circuit terminating the access of the
control signal to the power thruster; such tripping of the
power thruster is still achieved as soon as the load

Fig.1. Diagram of a non-contact optoelectronic voltage
relay for switching windings of a boost transformer

When creating non-contact voltage relays with a
sinusoidal form of voltage at the load a non-autonomous
non-linear dynamic circuit consisting of a diode VD,
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active resistance R, capacitor C and resistance R, is
used. Also on the output side there are optocouplers VU,
diode bridge VD,-VDs and, load Zy,,4 (Fig.2) [6-7, 9].

o
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Fig.2. Non-autonomous non-linear dynamic circuit

Currently, various methods of analysis of such chains
are widely used. For a theoretical analysis the equation
of state of the circuit shown in Fig.2, it is proposed to
use the numerical Euler method. In this case it is
necessary to determine an approximate solution of the
equation on a certain interval [6, 12].

2= f(ty) (1)
Denote by:

ti—to=t,—t; = =t,—t,., =At=h (2)
From expression (2), each point t, t; t, ... t, is replaced
by the differences in the relations of the derivative, then:

Ay = f(t,y)At 3)
In the first section, y; — y, = Ay and At = h, hence
yi=Yo=/f toYo h 4)
From (4) it is known y,, t, h, then:
yi=Yo+f toyo h (5)
At t=t, from equation (3) we get:
Ay=ftyh (5%
From here,
Y2=y1=[ to,yo h (6)
Then,
Y2=nt+tftuy h (7
For the remaining sections of the equation is written
similarly,
Ys=Yo+ [ty h ()
Yn=Yn-1+tf they,Yn1 h (8%)

Thus, we determine the approximate values of the
points tg, ty, ty, ... t, of the function “y” connecting these
points, we obtain linear Euler curves.

We analyze this chain using the classical method [1,
12]. We take the characteristic of the diode as ideal and
assume that u = U,,, sin wt. Then from the moment ¢ to
t, the diode is open and the circuit equation has the
following form:

U, sinwt =Ri+ U, 9)

. . d
Given that i, = C f we have:

Upsinot =R, ¢+ 4y, (10)
dt ' R,

From here,

duc 1 . R

d—“tzm—c Upsint — Uo(1+ an
Equation (11) is solved by the numerical Euler method

Ueerry = Uck + f U ¥t *h (12)

From here,

(U ty) = Rl—c U, sinwt — U, 1 +}’:—: (13)

Here k = 0,1, 2, ...; & - is the integration step.
Until 7= t;, the voltage across the capacitance is
determined by (12), taking into account the initial

conditions. From the moment ¢= t; the diode opens and
until the moment t, the voltage on the capacitor remains
at the voltage level for the moment ¢,, the voltage on the
capacitor remains at the voltage level for the moment t;,
from the moment ¢, the diode opens again and the
voltage on the capacitance is again described by
dependences (12) with other initial condition.

Figure 3-5 shows the curves of the voltage across the
capacitance for various values of the circuit parameters
at U,, = Const and the integration step #=0,001 [11-12].
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Fig.3. A family of curves of variation of voltage across a
capacitance as a function of time at C=1 puF; R, = 3,0
kOhm, for resistance values R;: 1 - 0,3 kOhm; 2 - 0,5

kOhm; 3 - 0,8 kOhm; 4 - 1,0 kOhm; 5 - 1,2 kOhm
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Fig.4. A family of curves of variation of voltage across a
capacitance as a function of time at C=1 pF; R; = 3,0
kOhm for resistance values R,: 1 - 3,0 kOhm; 2 - 2,0
kOhm; 3 - 1,0 kOhm; 4 - 0,5 kOhm; 5 - 0,25 kOhm
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Fig.5. A family of voltage variation curves for
capacitance as a function of time at R; = 2,0 kOhm;
R, = 3,0 kOhm, for capacitance C: 1 - 1,0 pF; 2 - 2,0

pwF; 3 -3,0 uF; 4 - 4,0 uF; 5-5,0 uF

It can be seen from the curves that by changing the
parameters R; and C of the circuit in question, it is
possible to adjust within relatively large limits, the time
the capacitor is fully charged, which is necessary for the
LEDs of the optocoupler shown in Fig.2, to reduce the
false response of the relay during switching changes in
the supply voltage.
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Figure 6 shows the voltage change across the
capacitance of a dynamic circuit during simulation in the
Matlab Simulink package.
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Fig.6. Comparative analysis of a nonlinear electric
circuit based on modeling: a - in the Matlab Simulink
package; b - Electronics Workbench; ¢ - a curve built on
the basis of theoretical research

A comparative analysis of the dependences U, =
f t (Fig.6) shows that the difference in characteristics
is 1.5-2.0%. This indicates that the used method of
theoretical research is acceptable for this chain [7-8, 10].

Fig.7 shows the waveforms of the voltage input-
output voltage stabilizer. With Ujy,,=175 V (voltage
deviation from the nominal -20,4%), Upu=214 V (-
2,72%). With Upp=241 V (+8,71%), Uppu=224 V
(+1,78%). Thus, when the input voltage varies from -
20,4% to +8,71% of the nominal value using the
proposed device, we obtain the output voltage in the
range from -2,7% to +1,7% of the nominal voltage, that

meets the required standards.
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Fig.7. Waveform of voltage input-output voltage
stabilizer

Figure 8 shows the main energy indicators of the
boost booster transformer. These characteristics show

that when the load changes over a wide range the value
of energy indicators changes within cos@=0,96;
#=0,8+0,95.
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Fig.8. Characteristics of the dependence of cos¢ and the
coefficient of performance of the boost voltage
transformer

Conclusion

The investigated voltage stabilizer circuit provides
voltage stability of consumers within acceptable limits of
+ 5% of the nominal value with a change in the input
voltage within 175 + 241 V.

The control of the windings of the boost booster
transformer using non-contact switching show high
energy characteristics.

The proposed voltage relay circuit provides non-
contact switching of the boost transformer windings
when the input voltage changes over a wide range the
output voltage has a sinusoidal shape and varies within +
2% of the rated voltage.
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