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INTRODUCTION

In the vast majority of countries today there agutations
and standards implemented that specify the maxifaueh

of harmonic content. Some countries implement the
international IEC standards IEC 61000-2-2, IEC @120

12 and IEC 61000-3-6 whereas other make local atiaps
and implement their own versions of the standardtimg

the local requirements. In Europe the EN 50160ifipsc
the harmonic content regarding the Total Harmonic
Distortion, THD and individual harmonics, but many
countries in Europe also add their own specific
requirements to it.

Common for most international and country specific
standards is that not only the THD is monitoredaisi the
individual harmonics up to the %0or 50" harmonic
depending on what standard being used.

Harmonic no: limit in % of fundamental

2:2% 15:0.4% 28:0339%  41: 0.671%
3:5% 16:0406%  29:1,061%  42:031%
4:1% 17: 2% 30:0333%  43:0.627%
5: 6% 18:0.380%  31:0975%  44:0307%
6:0.5% 19:1.761%  32:0328%  45:02%
7:5% 20:0375%  33:03% 46: 0,304%
8:0.5% 21:0.3% 34:0324%  47:0.551%
9:1.5% 22:0364%  35:0.833%  48:0302%
10: 0,5% 23:1408%  36:0319%  49:0,518%
11:3.5% 24:0354%  37:0,773%  50:03%
12:0458%  25:1274%  38:0316%

13:3% 26:0346%  39:02%

14:0429%  27:02% 40: 0.312%

Fig. 1. Example: Individual harmonic limits accargdito IEC 61000-2-12

Another important requirement is that the measuring
equipment being used must comply to adequate nmeasur
equipment standards (like IEC 61000-4-30 Classahn®
IEC 6100-4-7Ed2) to assure that the measuremeunltses
are correct and normative. Without appropriate norm
compliance two power quality meters can producey ver
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different results even if connected in the same smea
point.

Modern power quality meters do not only measure THD
and individual harmonics but also include additlona
harmonic parameters. The result is a complex set of
adequate data that must be managed and handlad in a
effective and appropriate way if harmonic measurdagre
implemented in a larger scale. The trend of Harmoni
measurements today is towards continuous moniteritig
permanently installed meters. Long term monitorofg
harmonics also provides effective means for plagpnin
Example below shows 5 years of THD data. Seasonal
fluctuations are present, but the long term trenstable.
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Fig. 2.Seasonal fluctuation of THD in a MV stat@indistribution level.

POWER HARMONICSDIRECTION

Modern PQ Monitors do often also measure the Haitnon
Phase Angle, i.e. the phase angle between eacgeand
current harmonic. For a standard three phase liatstal
that mean additional 150 parameters in additich&c300
individual voltage and current harmonics recorded.

The harmonics phase angle is raw data from whietsth
called power harmonics can be derived. If usin@arteter
like the UP2210 or Unilyzer 902 the power harmortias
be shown with direction (+/-) thereby facilitatiripe
interpretation of the harmonic flow, i.e. search tbe
harmonic source and at the same time reducing dtee d
storage capacity.
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o 8 THE NEED FOR A HARMONIC
INFORMATION MANAGEMENT SYSTEM

nﬁ, Harmonic measurements of today is no longer jusbTH
measurements even though the number of THD parasnete
h has increased (see below). As we have seen abot@ up

i approx 500 harmonic related parameters are to be
qﬂ calculated, stored and evaluated for each storageval. In
l

. W

addition harmonic measurements are no longer just f
troubleshooting purpose, but for contractual veaifion of
the power supply and for preventive purposes.

THD-F [Fundamental) Total harmonic distortion related to the
fundamental.
THD-R (Relative, RMS] Total harmonic distortion related to the total
rms-value.
Fig.3.P h ic flow. N ive indi i
thlg ;eagmirp;:?omc ow. Negative indicatessbarce is downstream THD-E [Even) Total Even Harmonic Distortion related to the
fundamental.
THD-O [Odd) Total Odd Harmonic Distortion related to the
fundamental.
3SEC MAX HARMONICS THDH (Inter) Total Inter-Harmonic Distortion related to the
TR - fund l.
The harmonic limits in the standards are usuaky#ied as undamentsl. _
. . TDD Total Demand Distortion related to nominal
the 10-min averages. There are however fluctuating |
. value.
harmonic loads today that are dangerous even ththegh o
. . . THD-2650 Total Upper Band Harmonic Distortion
duration is short. A new need for measuring thec 3se
. . . [2B6th to B0th] related to the fundamental
Maximum Harmonics has therefore arised. For such

applications the PQ Meter continuously calculateec3 Fig. 5. Example of THD parameters derived from P@lygzer Unilyzer

harmonics, storing the Maximum value for each skt 902 and UP2210.
time period, normally 10-min, if IEC 61000-2-2, IEC
61000-2-12 or EN 510160 is being applied. The process of polling the data and making theeiptil

data analysis is no longer efficient to make ineenoal way
when the number of measure points grow from jdsteto

: 5 hundreds and thousands of measure points in the
transmission and distribution network. Neithet &duality
' assured process. Instead a need for automaticihgrudl

§ the harmonic data has arised. The characteridtissoh a
et system are:

[—— HUT_3: 150z Avg (%]

[ T T e T - Automatic polling of harmonic datato a central

i database.

- Data compression techniquies efficient transfer of
data and data storage.

A
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L

¥ ] 13 - Automatic report generatioscheduled on a weekly
. e "’W basis to provide summary statistics
*”?ﬁ - Supervision of individual harmonic parametershwit
E alarm functions

Wed 15 Thu 16 Fri17 Sat 18
Jul 2009
Uripower PQiSecure

Fig. 4. Example: 3sec Max values and 10-min aver&ge3® Harmonic
Phase 1.

Today also the IEC 61000-3-6 specifies the need for
measuring the 3sec Max Harmonics.
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ON-LINE MONITORING OF INDIVIDUAL
HARMONICS

In a mining industry in northern Europe a Harmonic
Information Management System, Unipower PQ Secure,
was implemented and on a normal basis the harnerets
were within control. In January 122008 the system
manager however received an email from the Harmonic
Information Management System notifying that in one
measure point the"individual harmonics were outside
specified control limits according to IEC 61000-2-Still
however the THD was reported being inside coninaits.

Individual failing harmonics:

m

2 Ok (Max 0,065%) |15 Ok(bax 0,282%) |28
5 Okhlax 0,564%) | 16: Ok (Max 0,022%)  [29:
& OkWlax 0,108%)  [17: Ok (Max 0,153%)  [30:
5 Ok(hlax 5,213%) |18 Ok (Max 0,022%) |31

6 Ok(Mlax 0,388%0  [19: Ok (Mlax 0,174%)  [32:
T: Failed (Iax
6,50 5%

2 Ok(Max 0,086%)  (21:

Ok (Wax 01,0225
Ok (Wax 0,2 50%)
Ok (Wax 01,0225
Ok (Wax 0,250%)
Ok (Wax 0,022%)

20: Ok (Wax 0,022%) |33 Ok (Wax 0,022%6)

Ok (Max 0,022%) | 34: Ok (Max 0,022%)

Fig. 6. 7" Harmonic failing (see table of limits — Fig 1)

At site it could be concluded that one major filkad been
disconnected by service personnel by mistake,tazalild

immediately be reconnected before any further deraag
losses occurred.

THD
Mine K

= THDF U7 2vq 9] === THOF U2 Avg %] === THDF U3 Aug [%]
rrrrrr

, 1

et T

Fig. 7. THD value goes high when the filter is disnected. However the
specified THD control limit is not violated.

Without a Harmonic Information Management System in
place monitoring the individual harmonics the fileould
probably remained disconnected until the annugdason

or a possible failure occurred according to local
management.

CONCLUSION

The international trend for Harmonic measuremests i
towards permanent supervision of harmonics in the
transmission and distribution networks. The scafe o
implementation calls for an automated system fama da
gathering and automatic data analysis where bathatqrs
and authorities can receive scheduled weekly statis
information defining network status. Supervisiod atarm
functionality for all harmonic parameters also nmke
possible to assure quality and keep harmonic leirels
control in a preventive approach.

The challenge of tomorrow is not only to retrieeéiable
and norm compliant harmonic data from the netwbtk,
also to manage this data in a reliable and costife way.
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