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Opportunities for updating the power
quality standards following the
large scale availability of
synchronized measurements

Ana Maria Dumitrescu, Mihaela Albu
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Power Quality Parameters

 Power frequency

 Magnitude of the supply voltage
* Flicker

* Supply voltage dips and swells

* Voltage interruptions

* Transient voltages

e Supply voltage unbalance

* Voltage harmonics

* Voltage interharmonics

* Mains signalling voltage on the supply voltage
* Rapid voltage changes
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Synchronized phasor measurements

 The Phasor Measurement Unit (PMU) is the key element of the synchronized
phasor measurement technology

* Dispersed PMUs are synchronized using a GPS signal, enabling the PMU to
provide voltage and current phasor measurements
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ynchronized phasor measurements
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BEMU-1 1133 PpMU-1 PMU-1 PMU14
UTC 08-28-13 05:16:00.080000 uUTC 08-28-13 09:15:5%.%80000
Freg. (Hz) 49,994 Freg. (Hz) 45,554
- Input Magnitude Phase {deq)| — Input Magnitude Phase [deg)|
Ch &V 229.502 327.717 Ch 2V 93.054 328.073
Cch a1 4.562 126.209 105 20 75 char 1.561 327.024 105 %0 75
Ch BV 230.299 207.468 cth BV 316.185 186.554
th B I 2.954 185.443 th B I 2.954 185.654
th ooV 230.882 87.767 30 Ch oV 312.757 108.615
cherl 2.%12 107.512 15 Ch ol 2.%10 107.720
- Seguences Magnitude Phase (deg)| — Seguences Magnitude Phase (deg)|
0 seqg V 0.650 120.070 0 0 Seq V 131.986 147.782
0 seqg I 0.000 316.489 345 0 Seqg I 0.001 308.671
+ Seq V 230.360 327.651 + Seq V 226.706 327.548
+ Seq I 3.34¢ 326.541 330 + Seq I 3.345 326.751
- Seq V 0.122 310.498 - Seq V 2.174 107.740
- Seq I 1.216 327.549 240 300 - Seq I 1.21¢ 327.784
- Energy A B £ Totaﬂ 255 270 285 — Energy A B = Totaﬂ 285 270 285
Watts 1048.673 630.644 632.7192312.037 Watts 424.386 933.532 910.1962268.514
VARS 16.612 255.127-227.114 44.625 VARs 7.766 14.668 14.225 36.658
VA 1048.805 €80.296 672.2452401.346 VA 424.457 5$34.047 510.3072268.812
BF 1.000 0.527 0.941 0.963 PF 1.000 1.000 1.000 1.000
Q 53B8.723 536.269 119.67311%4.665 Q 218.918 479.669 467.4181166.004
Phasors 4 Frequency Plof Phasors 4, Freguency Plof
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- DER
ynchronized phasor measurements

Data Type Description No. Items | Rate

1818

Basic Voltage, Current, Power, Frequency, Time Devia- 55 1/sec.
tion, Flicker

Energy Watt-hours, VAR-hours, Volt-Amp-hours, Q-hours 40 1/sec.

Harmonics Voltage and Current, magnitude and phase, up to 600 1/sec.
50th harmonic

HarmonicSummary | Voltage and Current, RMS, THD, RMS-K, 30 1/sec.
THD-F, THD-T and K-Factor

Waveform Voltages and Currents, mag. and phase 6 20/sec.

Phasor PMU-1 Many data types according to C37.118 Synchropha- 50 varies
sor Spec.

Phasor PMU-2 Many data types according to C37.118 Synchropha- 50 varies
sor Spec.

Relative Phase Voltage and Current, all phases and sequences 24 1/sec.

 Example of file dimension:
17MB for 13min of data from 1 PMU (50 frames/sec)

2GB for aprox 20 hours (50 frames/sec)
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-5 Electromagnetic compatibility (CEM)

Standards 61000 Series
 CEI (EN) 61000-1-1: Part 1: General

(Section 1: Application and interpretation of fundamental definitions and terms)

 CEI (EN) 61000-1-2: Part 2: Environment

(Sections 1-14)

 CEI (EN) 61000-1-3: Part 3 — Limits

(Sections 1-12)

e CEIl (EN) 61000-1-4: Part 4: Testing and

measurement techniques
(Sections 1-35)
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61000-2

* Section 8: Voltage dips and short
interruptions on public electric
power supply systems with statistical
measurement results

* Section 14: Overvoltages on public
electricity distribution networks
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61000-3

e Sections 2&4: Limits for harmonic
emissions

* Sections 3&5: Limitation of voltage
changes, voltage fluctuations and
flicker in public low-voltage supply
systems
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61000-4

e Section 7: General guide on harmonics
and interharmonics measurements and
instrumentation, for power supply
systems and equipment connected
thereto

* Section 11: Voltage dips, short
interruptions and voltage variations
Immunity tests
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61000-4

e Section 27: Unbalance, immunity test for
equipment with input current not exceeding
16 A per phase

e Section 28: Variation of power frequency,
immunity test for equipment with input
current not exceeding 16 A per phase

e Section 29: Voltage dips, short interruptions
and voltage variations on d.c. input power
port immunity tests -
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61000-4

* Section 30: Power quality measurement
methods

* Section 34: Voltage dips, short
interruptions and voltage variations
immunity tests for equipment with mains
current more than 16 A per phase
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Time aggregation process

( 1 Bl 2 [ ( ]
.Original signal .RMS computed every 200 ms ((JRMS computed every 10 minutes
ORMS computed every period (JJRMS computed every 3 s O RMS computed every 2 hours

IEC 61000-4-30 ed2.0, Electromagnetic Mihai Calin, Ana Maria Dumitrescu, Markos Asprou,
compatibility (EMC) Part 4-30: Testing and Elias Kyriakides, Mihaela Albu, 2013, Measurement
measurement techniques - Power quality Data Aggregation for Active Distribution Networks,
measurement methods, 2008 Proc. of IEEE Applied Measurements for Power

Systems AMPS2013, Aachen, 25-27 Sept. 2013
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Time aggregation process

The basic measurement time interval for parameter magnitudes (supply voltage, harmonics,
interharmonics and unbalance) shall be a 10-cycle time interval for 50 Hz power system.

Measurement time intervals are aggregated over 3 different time intervals. The aggregation
time intervals are 3-s interval (150 cycles), 10-min interval, 2-h interval

(3s)p
V(1Omin) ; 200
15 V(202 )
— _\0.es)m 12 /2
V(3S) Z 15 v . Zv(lomin)p
m=1 (2h) —
~ 12
The data for the 150 f:ycle time interval shall The data for the “2-h interval” shall be
be aggregated from fifteen 10 cycle o
. aggregated from twelve 10-min intervals
time intervals
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Time aggregation process

Frequency and rocof

The frequency reading shall be obtained every 10-s. As
power frequency may not be exactly 50 Hz within the 10-s
time clock interval, the number of cycles may not be an
iInteger number. The fundamental frequency output is the
ratio of the number of integral cycles counted during the 10-
s time clock interval, divided by the cumulative duration of
the integer cycles.

No other mention of aggregation of
data for frequency or rocof (rate of
change of frequency)
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Highlighting asymmetries in LV
grids
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DERri

DERi - Distributed Energy
Resources Research
Infrastructure

Z Fraunhofer

IWES

Fraunhofer Institute for Wind Energy

and Energy System Technology
IWES
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Connection Diagram
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Results

frequency - aggregated data
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Results

mms values of the phase A voltage - aggregated data from 50 frames/s reporting rate:
T T T T T

385

384

383

382

phase A voltage [V]
W W
% =]
3 2
T T

w

A

©
T

378

original data
.| —200ms rms
3s rms
i —10 min rms
800 1000 1200 1400

time [s]

negative asymmetry index for voltages - aggregated data from 50 frames/s reporting rate
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Frequency - aggregated data
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Highlighting aggregation in MV
grids
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Babadag set-up

1818
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= 3| station with _wind
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Sabstatan CABLE 3x20kV Siihstation 110kV busbar, July
2013
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Aggregation of frequency

frequency - original data from 50 frames/s reporting rate
T T

DER

50.04 \\
50.03

50.02 \\

time [s]

1500

frequency - agaregated data [rms algoritm}; m-IEC std; g- 3s IEC, r-10min IEC y-3s rms; b-10min rms

50.01 f
! |

~——IEC Standard
3s [EC
> 10 min IEC
3s ms
© 10 min rms

time [s]

r N

Mean [Hz] Std [Hz] :
2; 50
g
original data 49.9981 0.015 i
aggregation IEC over 10s 49.9981 0.015 %
rms over 200 ms 49.9981 0.015 -
IEC-average over 200 ms 49.9981 0.015
rms over 3 s 49.9981 0.015
IEC-average over 3s 49.9981 0.015
rms over 10 min 49.9987 0.013 |
IEC-average over 10 min 49.9986 0.033 "
Mihai Calin, Ana Maria Dumitrescu, Markos Asprou, Elias g; 2
Kyriakides, Mihaela Albu, 2013, Measurement Data Aggregation for = sosol
Active Distribution Networks, Proc. of IEEE Applied Measurements wosl
for Power Systems AMPS2013, Aachen, 25-27 Sept. 2013 ol
SMART GRID:

11 septembrie 2013, Bucuresti,
Palatul Parlamentului

1500

A STRGRID ..

GLOBAL STANDARDS for GLOBAL MARKET . " .



" DER
Rocof aggregation

rate of change of frequency - aggregated data
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Thank you for your attention!

anamaria.dumitrescu@upb.ro

www.microderlab.pub.ro

4 STORGRID-.


mailto:anamaria.dumitrescu@upb.ro
http://www.microderlab.pub.ro/

