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Abstract. Harmonic impedance of system is the important parameter for the harmonic
suppression and it is also useful to the design of filter, circuit analysis, et al. Generally,
a controllable harmonic perturbation is used and injected into the target circuit port,
and then harmonic impedance can be captured by the corresponding harmonic voltage
and current. In this paper, a circuit design of harmonic impedance measurement is
proposed, in which each functional modules is comprised of analogue circuit, and it
can generate a controllable current disturbance into the target system. The system
impedance is calculated by using the current and the corresponding voltage, which are
captured by the data acquisition circuits. By using the PSCAD, a simulation of
measurement circuit is established. In simulation, the measuring results are coincident
with the theoretical value, which validate the effectiveness of the circuit design.

1. Introduction

The harmonic impedance is a very useful parameter to harmonic suppression and power system
analysis [1-6]. In the power quality analysis and control system design, the character of harmonic
imedance is the improtance reference. Recently, a harmonic impedance based stability criteria is
proposed, by using which the stability of power electronic circuit can be judged. In this methd, the
ratio of output harmonic impedance and input harmonic impedance of the special ports in power
electronic system is used. Early on, the stability analysis based on harmonic impedance is used to the
DC cascade system, the harmonic impedance of which can be measured precisely. Recently, several
studies is developed to the AC cascade system stability analysis by using harmonic impedance based
stable criteria. In [3-4], the harmonic impedance criteria is used to discuss the stability of AC cascade
power electronic system.

As abovementioned, the measurement of harmonic impedance is the key parameter when in the
power quality analysis or using the harmonic impedance criteria. Generally a disturbance signal is
injected into the target system. At the same time, the perturbation signal and the corresponding system
response signal can be obtained. And then the system impedance is calculated by using the voltage and
current which come from the FFT of the disturbance signal. In the DC system [5], the voltage and
current of the system are stable, then the voltage and current disturbance can be easily captured,
namely the harmonic impedance can be calculated. However, in the AC system, the voltage and
current of system are fluctuates periodically, resulting in the difficulties of the disturbance signals
injection and disturbance signals extraction. In addition, the disturbance signal is always designed
large because of the high power of AC system [6].

There are several studies for the harmonic impedance measurement. In the past studies, the
perturbation signal is generated by switching the reactive compensation capacitor in AC system[7]. By
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measuring the disturbance current and voltage resulting from the capacitor switching, the harmonic
impedance can be obtained. However, in this case, the disturbance current and voltage are
uncontrollable, the frequency bandwidth of harmonic signal may be incomplete, and then the
measurement accuracy of harmonic impedance should be improved. In [8], a measurement device is
proposed, it inject specific disturbance into system, and then the harmonic impedance can be captured
accurately.

In this paper, a circuit design of harmonic impedance measurement is proposed. Each circuit
functional modules of this circuit is designed by analogue circuit, which can generate high frequency
harmonic signal and which can be injencted into the target system. And then the disturbance of system
can be captured, the harmonic impedance can be calculated.

2. The calculation of harmonic impedance

Harmonic impedance of system is the impedance of specific port in system with different frequency.
For the impedance calculation, the voltage disturbance « and the current disturbance i of the system
specific port are extracted. The harmonic voltage U(jw) and current /(jw) can be obtained by the FFT
of the disturbance signals « and i, which can be shown as:

Uljow)=F(u) 1)
1(jw)= F(i) )
In this case, the harmonic impedance Z(jw) can be calculated by the following formula:
) U(jo
2(jw) = LU ®
I(jw)

After the calculation of impedance in each specific frequency gradually, the complete harmonic
impedance value can be obtained.

3. Design of the harmonic impedance measurement circuit

3.1. Disturbance signal demand

As abovementioned, for the harmonic impedance measurement, the first step is capture the voltage
disturbance and current disturbance. Generally, there are two methods to realize the harmonic signal
extraction. The first method is based on the statistical analysis, in which the system operating data is
collected and the harmonic current and harmonic voltage can be calculated out by the statistical
algorithm. In this case, all the data come from the normal operating mode of system. Therefore the
harmonic analysis will not affect the system operation. The second method is based on the disturbance
injection, in which a controllable disturbance is obtained and this disturbance is added to the target
port. This injected perturbation with the system responded voltage or current are captured at the same
time. And then, the harmonic voltage and harmonic current can be obtained by FFT. In this case, the
perturbation is controllable, therefore the measurement has high precision.

According to the signal types, the disturbance injection can be divided into two categories. The first
is named sine frequency sweep method. By using this method, the disturbance generator can produce
sine current or voltage in each frequency. These sine perturbations are amplified and then injected into
the target circuit port gradually. At the same time, the target system will generate responded signals.
By using this method, it has high measurement precision, with long measurement time. The second
method is that the injected signal is a specific waveform current or voltage, which contains a series
sine signals by FFT. Therefore the harmonic voltage and harmonic current can be obtained by only
one or two signals injection, which can save measurement time. However, the measurement precision
may drop because of the signal attenuation.

3.2. System configuration

In this paper, a circuit design of harmonic impedance measurement is proposed, which can inject both
sine signal and specific signal into the AC system, and then it captures the corresponding voltage and
current disturbance. The circuit configuration is shown as figure 1, which contains signal generator,
power amplifier, phased-controlled circuit, et al.
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Figure 1. Configuration of impedance measurement circuit.

3.3. System principle

The harmonic impedance measurement circuit designed in this paper can inject sine or other specific
signals into the target system. Therefore the input of the device is a controllable signal generator
which can generate sine signal, square signal, triangle signal, et al. The signal generator is realized by
analogue circuit which can generate high frequency signals.

The signal generated by the pre-stage circuit is a weak voltage. Therefore it must be amplified
before injected into the system. The power amplifier designed in this paper is developed by transistor
based amplified circuit which has a broad frequency band. In order to obtain high power, the power
amplifier is comprised by multi-amplifier paralleled.

The voltage and current of AC system are fluctuates periodically, including the amplitude and
frequency. Therefore the phase of the disturbance signal must be controllable. The measurement
circuit designed in this paper contains a phase-controlled circuit which can change the phase
difference between the disturbance signal phase and the voltage of AC system, and then the phase and
waveform of injected current can be controlled.

The data acquisition circuit contains sensor and data acquisition card. The current sensors and
voltage sensors are used to sense the disturbance signal that injected into the AC system and its system
respond signals, respectively. Then these signals are transferred to data by data acquisition card. At
last, after FFT, the harmonic voltage and harmonic current can be obtained. Harmonic impedance of
circuit specific port is calculated by the voltage and the current.

4. Simulation validation
A simulation model of harmonic impedance measurement circuit is developed in PSCAD. In this
model, a RL and AC source net is used to simulate the AC system. The simulation voltage waveform
of AC system is shown as Fig.2. The harmonic impedance measurement circuit designed as the
aforementioned generates current disturbance for AC system.
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Figure 2. Simulation voltage waveform of AC system
After the circuit operation simulation and data computing, Harmonic impedance of circuit specific
port is calculated, and the impedance curves is obtained, as shown in Fig.3. By the analysis of the
impedance curves, the harmonic impedance character is resistor-inductance, which is decided by the
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circuit configuration of the AC system. The measurement impedance is agreed with the theoretical
impedance.
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Figure 3. Simulation and theoretical results.

5. Conclusion

Harmonic impedance is the key parameter when the impedance based stable criteria is using to
analyze the stability of system. Therefore it is meaningful to develop impedance measurement method
and exploit circuit impedance measuring equipment. In this paper, a harmonic impedance
measurement circuit is proposed, which contains signal generator, power amplifier, phased-controlled
circuit, et al. By using this circuit, both sine signals and other specific signals can be generated and
injected into the AC system. And then after the data acquisition and computing, the harmonic
impedance of circuit specific port is calculated. A simulation mode is developed in PSCAD. The
effectiveness of the measurement circuit design is validated by simulation. And the measurement
circuit is practical in application.
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