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n AS 61000-3

 What is it?
— A framework to determine
* Planning levels (by network operators)
» Emission levels (by connected loads)
— In a single comprehensive approach
— Part 3 of a set of of evolving compatibility
definitions, limits, testing, and mitigation
techniques, for electromagnetic compatibility
in general (harmonics and flicker)
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- AS 61000-3-6

 What is it?
— Harmonic emission limits (including inter-
harmonics and telephone interference)
— For MV and HV/EHV (not LV)

— Staged, approximate approach
» Stages depend on size of load and outcome

» Approximation depends on how much you want to
bend the rules
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. AS 61000-3-6

* What is good about it?

— Forces network operators to consider planning levels
» Defines obligations of all parties clearly
+ Offers case studies for information

— Forces concentrated reading: stimulates the mind

— A tool for the “general public” to assess harmonic
emission issues

— Itis all we have — it is the legal framework of power
quality
— General principles are sound

(Purely the subjective view of the author)

17/06/2007/M3 C; NOKIAN CAPACITORS




17/06/2007/M3 Cg NOKIAN CAPACITORS

AS 61000-3-6

AS 61000-3-6

What is not good about it?

Impenetrable. Be prepared to read it 6 times
Written by a committee, with compromise as the key

Attempts to strip out power system analysis makes it feel detached fro
reality

Network operators uniformly refuse to think about planning levels
It is just a guideline, and an invitation to an argument

Real applications are very complex

Overt simplifications and assumptions

Ignores (is silent on) available technology

(Purely the subjective view of the author)
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AS61000-3-6: Overview

* Planning levels:

— Set by the network operator

— For each harmonic

— At each bus in the network

— To ensure compatibility levels are met
* Emission limits:

— Set by the network operator

— For each harmonic order

— At the consumer PCC

— So that of all loads are connected, the planning levels
are not exceeded
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AS61000-3-6: Overview

e Emission limits;

— Determined on the basis of global contribution
to distortion at a PCC

— Global contribution is a function of planning
levels and network characteristics

— Each consumer is allocated portion or the
global contribution

— Allocation on the basis of size of the load and
the nature of the load
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AS61000-3-6: Assessment

« Set limits are to be verified by site
measurements of one week.

— 95% probability daily value of very short periods < planning level
— Maximum weekly value of short periods < planning level
— Weekly maximum of very short periods < 1.5.. 2 x planning level

» Gives an early indication of the type of
load modelling that is required
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AS61000-3-6: Modelling

» Worst normal operating conditions (load)
— Contingencies
— Maximum simultaneous load
* Non-ideal equipment
— Voltage unbalance
— Transformation equipment
— Firing control equipment
— Filter parameters drift
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AS61000-3-6: Scenarios

Network conditions (m)

— High/Low fault level

— Capacitor banks in service/out of service
— Switching arrangements

Plant load (n)

— High/Low/Normal

Combinations of load (0)

— Plant configuration

— Plant in service/Out of service

— Plant distribution conditions
Approximate scenarios: mxn xo
— Can rapidly approach 100+ scenarios
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AS61000-3-6: Modelling

Stage 2 step by step

Determine frequency-dependent impedance z,
Determine acceptable global contribution G, ..y
Determine acceptable emission limit E;;

Convert to current emission E;

a > w0 nh e

Compare with modelled current emission
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AS61000-3-6: Step 1

Frequency dependent impedance

Perfect agreement with
Annexure B of AS61000-3-6
—
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AS61000-3-6: Step 1

Frequency dependent impedance

55100056 Amexire B
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AS61000-3-6: Step 1

Frequency dependent impedance

AS61000-3-6: Step 2

Global contribution




AS61000-3-6: Step 2
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AS61000-3-6: Step 3
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AS61000-3-6: Step 3

Individual emission limits E,, =GhMV+LVa\/§
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AS61000-3-6: Step 4

— EUhI
Convert to current emission B = z,

ES

Erission kmitE (8)
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AS61000-3-6: Step 5

Compare with modelled emission: voltage

Emission limit exceeded at the 5™ harmonic

7~~~ Emission limit

Emission

\ ‘ 1

10MVA load with 30%

six pulse VSD load
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AS61000-3-6: Step 5

Compare with modelled emission: current

Emission limit exceeded at the 5 harmonic
___ and some others

‘\ ‘ ASGT0003-6: Appication of curert emisson s i
10MVA load with 30%
six pulse VSD load
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AS61000-3-6: Step 5

Compare with modelled emission: voltage

All limits easily met

MM( 000 oo oo ooog

10MVA load with 30%
twelve pulse VSD load

AS61000-3-6: Step 5
Compare with modelled emission: current
5™ harmonic emission limit met
___ some others still marginally exceeded .____________________}
8 A
10MVA load with 30%
twelve pulse VSD load a8

12



Conclusion

Network operators:

Don't just take Table 2 as gospel. It is just an example
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Conclusion

Network operators:

Build a reliable, steady state model of the network

Define a minimum, documented and clear set of operating conditions in
the network

Model capacitor banks as accurately as possible, with at least minimum
and maximum reactive power output taken into account

Obtain from the consumer realistic load characteristics (in terms of
harmonic spectrum) and operating conditions (in terms of load
conditions)

Be prepared to defend the model
Crack open your Excel sheets.
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Consumers:

Conclusion

— Confirm with the network operator under what specific operating
(network) conditions the emission limits are to be met.

— Be realistic but not overly conservative in the estimate of non-linear
loads — stick to what is known about the performance

— Do not ask for more power than you need — your agreed power will most
likely be determined from your supply contract.
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Thank you
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