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Harmonics in current

* Caused by non-linear current draw

Voltage and Current
400 ; | l :

Ideal model
300 +

| ____________ A
A >|_
\/
: 200 ¢+
I
I
I
I
I
I
I
I
I
I
I
I
I

Vi(t)

R=100Q
Voltage [V]
-}

ar N
S &
N <

-300 ¢

-400

0 0.01 0.02 0.03 0.04 0.05
Time [s]

Hitzigq and Bumillec Hactmonic Power Flows



Harmonics in current

* Caused by non-linear current draw
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Harmonics in current

* Caused by non-linear current draw

Voltage and Current Spectrum
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Harmonics in current

* Caused by non-linear current draw

Voltage and Current Spectrum
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Harmonics in current

* Caused by non-linear current draw

Voltage and Current Spectrum
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Harmonics in current

* Caused by non-linear current draw

Voltage and Current Spectrum
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Harmonics in voltage
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» Caused by internal impedance of power source
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Harmonics in voltage

 Caused by internal impedance of power source 400 Terminal Voltage vy (t)
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Harmonics in voltage
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Harmonics in voltage

» Caused by internal impedance of power source

Magnitude spectrum of Voltage v (t)
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Harmonics in voltage

» Caused by internal impedance of power source

Magnitude spectrum of Voltage v (t)
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Harmonics in voltage

* Caused by internal impedance of power source 550 Active Power Flow
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Harmonics in voltage

* Caused by internal impedance of power source 550 Active Power Flow
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Harmonics in voltage

* Caused by internal impedance of power source 550 Active Power Flow
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Harmonics in voltage

 Caused by internal impedance of power source 950 Active Power Flow
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Mains frequency operating ranges

Mains frequency operating ranges in Europe
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Mains frequency operating ranges
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Measurements in Transient Conditions
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Measurements in Transient Conditions
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Measurements in Transient Conditions
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Measurements in Transient Conditions

* Harmonic voltage and current highly
frequency dependent
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Measurements in Transient Conditions

* Harmonic voltage and current highly
frequency dependent

* No simple impedance function Z(f)
—> Subcycle Impedance?
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Measurements in Transient Conditions

* Harmonic voltage and current highly
frequency dependent
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Measurements in Transient Conditions

* Harmonic voltage and current highly
frequency dependent
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Metrological Challenges: External Influences

° Interharmonics 500 Low frequency interharmonics
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Metrological Challenges: External Influences
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Metrological Challenges: External Influences
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Metrological Challenges: External Influences
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Metrological Challenges: External Influences
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Metrological Challenges: The Measurement Chain
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Metrological Challenges: The Measurement Chain
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Metrological Challenges: Characterization of measurement transducers
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Metrological Challenges: Digital Spectral Analysis
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Metrological Challenges: Digital Spectral Analysis

* Discrete Fourier Transform instead of Fourier
Series
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Metrological Challenges: Digital Spectral Analysis

* Discrete Fourier Transform instead of Fourier
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Metrological Challenges: Digital Spectral Analysis

* Discrete Fourier Transform instead of Fourier 500
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Metrological Challenges: Digital Spectral Analysis

* Discrete Fourier Transform instead of Fourier 500
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Metrological Challenges: Digital Spectral Analysis

* Discrete Fourier Transform instead of Fourier
Series

* Multiplication with rectangular window
» Spectral resolution

Af=2
T

* Convolution in frequency domain
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Metrological Challenges: Digital Spectral Analysis

* Discrete Fourier Transform instead of Fourier
Series

* Multiplication with rectangular window

» Spectral resolution *
1
Af ==
T

* Convolution in frequency domain
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Metrological Challenges: Digital Spectral Analysis

* Discrete Fourier Transform instead of Fourier
Series

* Multiplication with rectangular window

» Spectral resolution *
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Metrological Challenges: Digital Spectral Analysis

* Discrete Fourier Transform instead of Fourier
Series

* Multiplication with rectangular window

» Spectral resolution *
1
Af ==
T

* Convolution in frequency domain
 Possible distortion of spectrum
—> Spectral leakage
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Metrological Challenges: Digital Spectral Analysis

* Discrete Fourier Transform instead of Fourier

Series
* Multiplication with rectangular window
» Spectral resolution *
1
Af = —

T

* Convolution in frequency domain
* Possible distortion of spectrum
—> Spectral leakage
* Synchronization of T with notches in spectrum T
of rectangular window
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New Approaches: The Power Quality Measurement System (PQMYS)

Electrical Measurement
Quantity ' Transducer

oy
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PQMS Algorithm > measurement
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Hitzigq and Bumillec Hactmonic Power Flows



IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

-W---- = — %v
8 = [ —
“m .m C 8 ] mD\-.u
: e | 5 H | S = S
: = &l g | - -
¢ . & ! =
— |_m_ | (®)
7)) S " n
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII J
> HH = ;
w
o 0w = 2 | =
-, N
=¥ * + < m = %
N’ = X D o o
m T.._m M M #V_ |
- c
m om A A ”Tv =
7 & 4 - E
> . ______T .|« ................ o
w " 2= Y i~ R — T
. = = | = Y
.m . " 5 g g £ - ! @
= = £
@ T A g2 SR =
T < — = — J—
= $ = | = @
(-9} I !
Ty ___ =f
= s o L=
N )
g~} R — | [ = « .. = 1 ] B
e 1 _|$. _m_ =y ! M Y
S " £ BRI -
= ! Q| = =) 19 ! S -
y 2"|V o —— m > m — m _ > m -~
= S — = % =
o i "U — | m
> |
= I s
u 8 N |v||." .M
o AR SRt i Rl Al St @
| = 2 = | iy
N ! 8 Ty 5 T 2
=9 = " @) & = E @) \ < ﬂ__
3 T A E LS B E = o
S FEl= 5 AN - -
I
il _
.n_n.. 8 _____] I |
o0 g A
)
=

New Approaches




Measurements: Test Stand
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Measurements: Voltage and Current over time
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Measurements: Voltage and Current over time

Line-to-Earth Voltage periodwise

— w1 [p)]
v [p]

—v3[p]

-——4S8TD

400

300

200

100

Voltage [V]

-100

-200

-300

-400

0 90 180 270 360
Fundamental period angle [°]

Hitzigq and Bumillec Hactmonic Power Flows




Measurements: Voltage and Current over time
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Measurements: Spectrum of Voltage and Current
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Measurements: Spectrum of Active and Reactive Power

Active Power [W]
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