






Figure 76. Vsqd Impedance Model for AC/DC Rectifier

!"
!

!"
#

!"
$

%&

"

&

!"

!&

#"

#&

$"

'()*+),-./012

3
)
4
56
7
4
(8

!"
!

!"
#

!"
$

"

#""

9""

:""

;""

!"""

'()*+),-./012

<=
4
>
)
,
4
(.
67
4
(8

Figure 77. Vsqq Impedance Model for AC/DC Rectifier
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Figure 78. DC to AC Inverter Circuit Diagram

Table 6 DC to AC Inverter Parameters

Source DC voltages 600V

Peak injection voltages(per phase) 4V

Source resistance 1.682Ω

Source inductance 3.348mH

Source capacitance 5µF

Load resistance 1.682Ω

Load inductance 3.348mH

Modulation frequency 60Hz

Testing Frequency Range 10Hz − 7kHz

62



!"
!

!"
#

!"
$

"

!

#

$

%

&

'()*+),-./012

3
)
4
56
7
4
(8

!"
!

!"
#

!"
$

"

&"

!""

!&"

'()*+),-./012

9:
4
;
)
,
4
(.
67
4
(8

Figure 79. Vsdd Impedance Model for DC/AC Inverter
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Figure 80. Vsdq Impedance Model for DC/AC Inverter
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Figure 81. Vsqd Impedance Model for DC/AC Inverter
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Figure 82. Vsqq Impedance Model for DC/AC Inverter
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4.5 Summary and Conclusions

In this chapter, algorithm has been built in both MATLAB and LabVIEW, Multisim plays a important role

as a test bed and cooperates with LabVIEW. In LabVIEW, PLL is designed to lock source frequency and

produce ramp signal. Impedance has been changed based on PLL alignment. The Park Transform coded

by MATLAB code created an imaginary reference frame to D- axis and Q- axis and impedance model is

aligned on D-Q frame.
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Chapter 5

Summary and Conclusions

5.1 Summary

This report has reviewed a basic three-phase balanced system and dynamics of active loads. A DQ

reference frame has been briefly addressed in this chapter as well. The objective to do impedance extraction

has been given in detail in Chapter 1.

The injection method and principle has clearly explained in Chapter 2, including both the voltage model

and the current injection model. Injecting selection has been explained by equation and vector diagram,

algorithm step and impedance matrix calculation are also written down in detail.

The algorithm architect has been built by MATLAB in Chapter 3. The algorithm includes Phase-Locked

Loop, Park Transform, and Interpolated Fast Fourier Transformation. Fast Fourier Transformation applied

in the report is to pursue even more accurate analysis. Finally, a simple RL circuit model is under the

test to verify the experimental approaches. An AC/DC/AC converter model has been tested as a real-life

application.

Chapter 4 demonstrated the way to implement impedance extraction in the LabVIEW platform. Multisim,

cooperating with MATLAB, has drawn the circuit model and controlled by LabVIEW, using FPGA design to

control the circuit in Multisim and collect data to do IPFFT on MATLAB and further impedance calculation.

The algorithm with PLL, Ramp Signal, Park Transform, also designed in LabVIEW platform. A RL circuit

the same as MATLAB has been tested and results are verified by the circuit parameters. Further case study

as AC/DC rectifier and DC/AC inverter has been tested in this chapter.

5.2 Conclusions

The impedance in D-Q reference frame can be obtained by injecting different frequency of voltage to

make a perturbation. Measuring voltages and currents on load or source interface through system’s response

to the particular perturbation injected and transferring voltages and currents from ABC to D-Q reference
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frame. Acquiring all data and store data to do post-processing. After collecting all necessary data. The

impedance calculation and bode plot can be made via data storage and obtain the impedance model in D-Q

reference frame.

When acquiring these measurements, the frequency of injection can cause voltages and currents difference

in the D-Q reference frame. The frequency difference is the difference between the injected frequency and

line frequency. As a consequence, the system will be unstable if the injected frequency is close to the line

frequency or multiple of line frequency. The transform will become to saturate and cause error.

During the process of measurement, D-Q reference frame must be aligned at a fixed position. The Phase-

Locked Loop is to solved the situation. If the D-Q reference frame is not fix on a particular frequency,

voltages and currents can be variable and composed by several of the frequency. PLL Misalignment can

cause the impedance results to be useless. IPFFT improved the accuracy of the impedance model. The data

collected from MATLAB and LabVIEW can be read or stored to do post signal processing. The data can be

analyzed repeatedly if better algorithm is released later.

Several cases have been tested by MATLAB/Simulink, LabVIEW, and Multisim including passive loads,

AC/DC rectifier, AC/DC inverter and AC/DC/AC converter. The results are all posted in chapter 3 and

chapter 4.

5.3 Future Work and Improvements

Testing in hardware is still pending. The SPSS lab already has a back to back 3-phase inverter research

board made by National Instrument. The voltage and current measurements have built in load and source

interface in the research board. The research board picture is shown as Fig 84, and future work and improve-

ments can be done as Fig 84.

5.3.1 Controllable Voltage or Current Source

In order to do a hardware validation, a controllable voltage or current source which can change frequency

from 10Hz to 10kHz is necessary. The magnitude of the injection source should also be changed in order

to make appropriate perturbation for different system. Further more, to test an impedance in one particular

frequency, each one is injected in two times, each time with different frequency and reverse sequence. As a

result, this source should be controlled by MATLAB or LabVIEW in order to automatically inject desired

voltages or currents and positive or negative sequence can be controlled as well.
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Figure 83. Back-to-Back Inverter Research Board with Load
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5.3.2 Algorithm Implementation

Implement impedance extraction on LabVIEW is not fully completed. FPGA has a huge advantage is

that it is useful by its real-time data flow. In LabVIEW algorithm architect, FPGA algorithm is separated

in several steps to process the signal. If the FPGA could do the real-time processing, the FPGA algorithm

can be as fast as the time to execute in one step. Yet, the main concern of this implementation is given.

To collect data as fast as possible, FPGA typically uses fixed-point computation, this method would bring

noise into the calculation. Another improvement is, the algorithm of IPFFT should implement in LabVIEW.

Since the impedance model cannot be obtained directly form LabVIEW. So far, LabVIEW can only store

D-Q voltages and currents data and export to MATLAB to do IPFFT and further analysis. In order to

finish impedance extraction automation. IPFFT should transfer to LabVIEW and write into FPGA to do

signal process. However, it is not sure if the processor can handle such amount of data acquisition and the

effectiveness is another concern.
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