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Abstract. Electrolysis is an important branch of metal smelting. But due to the introduction of
rectification device will produce a large number of harmonic, this undoubtedly greatly increased
electric cost and the maintenance cost. This article used harmonic data in power supply system as
the simulation parameters, detailed analyses static var compensation (SVC) and harmonic spectrum
of PWM rectifier in the actual operation by using Simulink to build PWM rectifiers and SVC model.
Through the simulation experiments to verify whether the model can better achieve inhibiting effect
and enable it to reach the national standard level.

The present status of the power system

The first connection map in the power system can refer to Fig.1l. The power system has
stand-alone power plant, not connected to power grid of urban power supply company. Its power
supply contains four sets of the same specification of generator and step-up transformer. There into,
medium frequency furnace converts the power frequency into medium frequency electrotherapy
from 300 to 10000 Hz, and then smelts metals by induction heating of an induction coil. Because of
using six-phase rectifier, the operational principles of harmonic generation of medium frequency
furnace are the same with three-phase full bridge controlled rectifier. It will produce a large number
of harmonic during the operation [1].
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Fig.1 The first connection map in the power system

Data acquisition and analysis of the power system harmonic source

There are three large harmonic source in data acquisition of the power system, rectifier
equipment, medium frequency furnace and machine works. Through analyzing the real data series
of that time, it observed that the harmonic current generated by the power system is less than 1% of
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the amount of fundamental wave. At this point, the medium frequency furnace harmonic current
distortion rate has reached 23.8%. The main resulting cause of this gap is that the power system
adopted the current domestic and foreign advanced 48-pulse rectifier transformer. Under the action
of it makes the power harmonics are suppressed. However, the medium frequency furnace with
6-pulse rectifier transformer produces larger harmonic current and high distortion rate [2].

The actual running tests found that the internal electrical equipment is mainly affected by the
harmonic produced by medium frequency furnace. To meet the needs of the whole test, we can
convert harmonic current of medium frequency furnace into 380V side. At this point, each
harmonic current are 141.9A, 87.63A, 47.6A, 35.5A, 17.4A, 12.8A for 5th, 7th, 11th, 13th, 17th
and 19th harmonics current respectively. The total harmonic current distortion rate is 25.2%. Due
to the harmonics in public supply network, allowable value of the harmonic current injected into the
public connection is not prescribed in view of the 575V voltage standard. We might as well
contrasted 380V power grid harmonic current value. Thereinto, the 5th, 7th, 11th, 13th harmonics
current are more than 1.71 times, 1.5 times, 1.29 times and 1.11 times respectively. The harmonic
current generated by the medium frequency furnace in practical operation data are shown in Table 1.
In the operation of the whole power system, it can be found harmonics produced by medium
frequency furnace impact on system greatly.

Table 1 The harmonic current generated by the medium frequency furnace

Percentage Harmonic number 1 5 7 11 13 17 19 35 37
content
Electricity/ kA 1.81 034 10211011 |0.08|0.04|0.03]0.02|0.02
23.80%
Percentage content/% | 100 189 | 11.6 | 6.3 4.7 2.3 1.7 1.1 0.8
Harmonic number 1 5 7 11 13 17 19 35 37
10.60% Voltage /V 3609 | 16.3 | 11 139 | 12.3 | 13 12 127 |1 7.2
Percentage content/% | 100 45 [32 |39 (36 (36 [33 |35 |2

Establish harmonic suppression simulation model of the power system

To fully realize the whole system simulation process is consistent with the actual operation
process of the basic conditions, the system parameters, harmonic source and the choice of modules
used in the model building are becoming especially important [3]. According to the existing
material, component parameters and system impedance are selected and then set up the simulation
system combined with the above parameters. The harmonic suppression simulation model is
established under the Simulink, which can be divided into harmonic source module, rectifier filter
module and the power system circuit module. The AC power using encapsulation function is
encapsulated in "AC current source". Due to main function of the harmonic source in the system is
to produce harmonic current, and only relates to its working condition and the voltage, has smaller
influence on the impedance of the whole system. So the harmonic source is equivalent to a constant
current source and its internal resistance is infinite [4].

Based on the relevant data from the field power plant (Table 1), the AC current source in the
Simulink model is used in the system, so as to obtain the harmonic source module (shown in Fig.2).
Fig.2 shows the specific composition of the harmonic source module. As can be seen from the Fig.2,
harmonic source is composed of nine AC current source, and the value of each branch circuit
corresponds to the each harmonic current value. In addition, There is a very important element in
the harmonic source module, in parallel with a 1000 Ohms resistor. The internal resistance of the
constant current source is infinite, but the AC current source used in this simulation environment in
the component library is no internal resistance. According to the analysis of the literature materials,
the harmonic source can not work in the condition of no internal resistance. So the resistance is
especially important. The simulation model of the whole system can refer to Fig.3 [5][6].
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Fig.3 The simulation model of the whole system

Harmonic simulation results and analysis of the power system

Fig.4 is the comparison result of the simulation of the operating system before and after the filter.
Known from the figure, the rectifier starts working at 0.5s. At this time, the harmonic voltage are
time-variant and the waveform is relatively significant improvements, and more close to the sine.
Though still because of the limitations of currently used technology, harmonic failed to filter
completely and there is the phenomenon of irregular sine. Fig.5 is the variation of current through
the rectifier before and after the PWM rectifier which starts working at 0.5s. It is not difficult to see
that the current waveform of the rectifier that PWM rectifier has not started is completely ideal.
According to the design principle, the rectifier began to produce current quantity used to suppress
the power harmonics after the PWM rectifier is ready for use at 0.5s [7].
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Fig.4 Voltage before and after the filter
According to the simulation results, we can analyse harmonic wave in the power grid. Concrete
analysis as shown in Fig.6 and Fig.7. Among them, Fig.6 showed the voltage waveform without
harmonic suppression before 0.05s, Fig.7 showed the voltage waveform with harmonic suppression

after 0.05s [8][9].
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Fig.5 The variation of current through the rectifier before and after the PWM rectifier
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Fig.7 Frequency spectrum analysis after the harmonic treatment

Fig.6 showed voltage amplitude is 360.9V, but the total harmonic distortion value-10.6% before
harmonic suppression-is more than two times the harmonic voltage distortion rate limit beyond to
the request of GB(GBT/14549—93). We can see from Fig.7 that the total harmonic distortion value
after the harmonic suppression processing is in line with national standards of only 4.88%. This
further proves this experiment simulation system has the characteristics of reasonable and reliable.

The estimation of economic benefit on reactive compensation and harmonic suppression

Harmonic current in the circuit will shorten the using lifetime of equipment. When the harmonic
current exceeds nominal standard, the more the shorter the life of the device, causing an indirect
equipment depreciation loss. Generally by the installation of harmonic suppression equipment, a
year can save 20% ~ 30% of the equipment maintenance and depreciation expense. In addition, the
harmonic in the power circuit and power equipment will cause additional copper loss and iron loss
of the lines and equipment, resulting in the extra power consumption. The existence of harmonic
voltage will cause harmonic distortion power loss. Assuming that harmonic distortion power before
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and after the harmonic suppression isP;,, P,, respectively, power factor is cosgand its economic

benefitisC,:
Co = Py =Py 1)
By the calculation, P;, = 38.26cospkW , P;, =~ 0.46P,,
C, = P, — P, = 0.44P,; = 16.38cospkW (2)

Set the equipment running time for each year isH, hours, electricity price is C,¥/Kwh, the
benefits for each year

C, = C,H,C, ~ 16.83cospH C, (3)

IfH, = 365 x 22 = 8033 hours, C, = 0.35¥/Kwh, cosp =1

C, = C,H,C, ~ 16.83 x 8033 x 0.35 x 0.6 ~ 47300 4)
Conclusion

The model of medium frequency furnace is established by combining the actual situation of the
power system. And then analyze related harmonic data for the simulation system. And the results of
computer simulation indicate that this system can improve harmonics in the operating system, better
to control the voltage harmonic distortion rate within the scope of the national standard, and extend
the service life of equipment and reduce the maintenance cost, bringing high economic benefits.
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