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Voltage available to the equipment becomes lower than the outlet when the cable is long.
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Transient Caused by Glow Fluorescent Lighting

Glow lamp

VOLTAGE/TRANSIENT WAVEFORM [No.8 07/1211:00:57 023 Transient CH1]
CHY: 5000V/dy 13578

/\\/ ____________________________ 5,_;::\'\::: _______ /:\\ _________
ol Gt el e

2005/07/1211:00:57.023 rise 0.0352kV 6.0yps = CHI
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Transient peak value is accurately
measured using the 2MHz sampling

I i e i \V\\ Pl e, SRS, : P S
Line of Voltage=0
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CH1: 0.0200kV/div ' ' S0ps/div

Voltage and Transient Waveforms When Turning On the Fluorescent Light
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Voltage Noise Waveform 1 (based on the voltage waveform distortion evert)

YOLTAGEACURBENT WavEFORM [Mo.4 09413 12:58:55.117 Wawe CH1]
CH1: 50.00% fdirw
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Voltage Noise Waveform 2 (based on the voltage waveform distortion event)
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Vokage Fhactuation E vent Graph [08/05 16:21-41.446 Dip) CH1.2,3 o .
0.500KV/d CH1 tH2 CH3 1. Lightning strike

?Strike on the distribution cable

!Fault current flow

!Instantaneous voltage drop

?Emergency breaker opening
(Voltage drop continues.)
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Event Voltage Fluctuation of the Lowest Residual Voltage and the Shortest Period Voltage Dip

Path of a Voltage Dip



Residual voltage Period
1% voltage dip 47Vrms 117ms
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Event Voltage Fluctuation at the 2™ Voltage Dip
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TIME PLOT - VOLTAGE CHY Utms
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Vokage Fhactustion Evert Guagh (06X 181715.043 Dp) O

10.00'V/de CH1

S e S U Switching from UPS to
; : ; : commercial power
S RN - S supply when the power

supply recovers VOLTAGE /CURRENT WAVEFORM [No.3 06/01 181715 043 Dip 41 IN]
CH1. S0.00V/d CHA: SA00V/dy ——CHI —— CHE

E : ; ; Voltage Waveform when the Power Supply Drops
supply drops. 00 10 200 30 4l 50 (switching from commercial power supply to UPS)

Event Voltage Fluctuation of UPS Output VOLTAGEXCURRENT WAVEFOSM [No 2 06A00 181722170 Dip C41 IN|

CHY: S000V/dv CHA SD00V/dy — CH! —— (O
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Voltage Waveform when the Power Supply Recovers
(switching from UPS to commercial power supply)



Type 1: Not Switched to the Sine Wave after the Waveform Noise

VOLTAGE CURRENT WAVEFORM [No 42 (/5 (8.4
CHY: 50.00V/dv CM& S0.00V/dv =———CHl — (¢

1

v

CHY 2500 A/dv D=8 2500 Afdy

Type 2: Switched to the Sine Wave after the Waveform Noise
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Voltage Dip at a Factory
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Voltage Fluctuation

Supply voltage | Voltage fluctuation graph | Voltage value

1 Maximum No. 1 (blue) 131.67Vrms

2 Minimum No. 2 (green) 0.15Vrms

3 Average 98Vrms
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Volage Fluctustion Event Graph [04/14 05:35:11.841 Dip] CH1

10.00V/div —CH1
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Event Voltage Fluctuation at the Voltage Dip Occurrence

Voltage Waveform at the Start of the Voltage Dip

VOLTAGE SURAENT WAVEFORM [Na 870 04/14 (53513038 Wave CHYJ
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Voltage Waveform at the End of the Voltage Dip
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Investigating the Flow of Harmonics

y —] — N T-HAR 3
90.00 w/dwv H1 H5 TIME FLOT - HARMONICS  angle sum 3000 Wdy ==H3 =H7

TIME PLOT - HARMONICS angle sum
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Time Plot of Harmonic Voltage-Current Phase Difference (fundamental and 5 harmonic) ~ Time Plot of Harmonic Voltage-Current Phase Difference (3° and 7" harmonics)
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180

90

-180

a3 EHROOL

T Tl SR e o

W
et Hr A il

Time

Red: 3" harmonic, Green: 5" harmonic, Blue: 7" harmonic

Inflow /
Date Time AvePhasesum(5) Outflow
2004/9/3 | 6:50:00 -93.07 Outflow
2004/9/3 | 6:55:00 -90.63 Outflow
2004/9/3 | 7:00:00 -84.20 Inflow Example of Using MS Excel
2004/9/3 | 7:05:00 -89.23 Inflow
2004/9/3 | 7:10:00 -87.79 Inflow Formula
e ; =IF(ABS(C2)>90,"Outflow","Inflow")
2004/9/3 | 7:15:00 -87.42 Inflow
2004/9/3 | 7:20:00 -87.16 Inflow
2004/9/3 | 7:25:00 -86.08 Inflow
2004/9/3 | 7:30:00 -79.51 Inflow
2004/9/3 | 7:35:00 -84.34 Inflow
2004/9/3 | 7:40:00 -80.74 Inflow
2004/9/3 | 7:45:00 -78.41 Inflow




Concept of inflow and outflow of harmonics

Distribution

Fundamental PQA

Measuring though VT (PT) or CT
for high and extra-high voitage
networks

Load

Distribution

PQA

Measuring though VT (PT) or CT
for high and extra-high voitage
networks

Load

Condition Cause

The harmonics flow from | The reason is very likely to be attributed to the distribution side
Inflow | distribution to load. (The harmonics generated by distribution is bigger than the harmonics
generated by load.)

The harmonics flow from | The reason is very likely to be attributed to the load side
Outflow | load to distribution. (The harmonics generated by load is bigger than the harmonics generated
by distribution.)
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Measuring

+90deg.

Inflow

Harmonic power is + (positive).

Outflow

Harmonic power is — (negative).

+/-180deg.
LAG
-90deg.
Harmonic voltage-current phase angle difference
Inflow +90to Pto +90°
Outflow -180to -90or +90 to +180
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Case Study 12
High-Order Harmonics

W

[ =1 jl‘

Resonant by
' cable

Inverter v
equipment 'VVW

2010712783 14:45:456.8629

19808 _0/div. . High-order harmonics waveform
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® Transient overvoltage
Generated by lightning strikes, switching from generation to consumption, grid switching, etc.
This can cause malfunction to equipment and solar power generation systems, etc.

® Harmonics, High-order harmonics

® Waveform distortion

Noise Sources

Model 3144.20
Measuremelit Range

B Model 3145-20
Model PW3198 Measurement Range
| o— e— -J
Measurement Range
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Voltage waveform at grid switching
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