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Introduction to the Project

Sean Elphick



Project Motivation
• Project developed as a result of extensive consultation with a range of stakeholders

• Challenges related to compliance assessment of installation harmonic emissions are 

manifesting as:

– Overinvestment in mitigation (e.g. passive filtering)

– Delays in connection and commissioning

– Abandonment of marginal projects

• Project aims to address the challenges related to compliance assessment and 

management of harmonic emissions:

– During planning stage

– During commissioning and operation
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Generator Connection Process – Harmonics 

Allocation and Assessment

Connection
Application

Emission
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Pre-Connection
Compliance

Assessment (R1)

Connection &
Commissioning

Post-Connection
Compliance
Assessment

DNSP use a 
(complex) 

methodology to 
provide a limit 

on the emissions 
of the plant

Modelling undertaken 
to verify if plant can 

meet emission 
allocation

Compliance assessed 
through field 
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Compliance 
assessed during 

R2 
commissioning



Overview of Work Packages

WP1: Pre-connection compliance assessment 
 1.1 Network representation 
 1.2 Plant modelling
 1.3 Application of AS/NZS 61000.3.6 Stage 3

WP2: Post-connection compliance assessment 

WP3: Review of harmonic distortion planning levels 

WP4: Engagement with peak industry bodies 

 



Project Partners
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Work Package 1 - Pre-connection compliance 
assessment 

WP1.1 – Network Modelling

Tuan Vu



Work Package Activities

• Develop a 7-Bus Transmission System  to represent a real transmission 
network model 

• Characteristics of 7-Bus Harmonic Impedances – No Inverter-Based Resources 
(IBR)

• Relationship Between Transmission Network Harmonic Impedances and 
Frequency

• Characteristics of Harmonic Impedance at a Busbar in a Real Transmission 
System

• Expand the 7-Bus to 10-Bus Transmission System to represent a real 
transmission network model with high penetration of Inverter-Based 
Resources (IBR)

• Characteristics of 10-Bus Harmonic Impedances – With Inverter-Based 
Resources (IBR)

• Characteristics of Influence Coefficients
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7-Bus System (132kV)
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7-Bus System

Harmonic Impedance Under Network Reconstruction Stages
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7-Bus System

Mutual Impedances Bus 3-4 and Bus 3-6
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7-Bus System
Self-Impedances at Bus 3 Under Different Network Scenarios
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7-Bus System

Self-Impedances at Bus 3 Under Different Network Scenarios
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Relationship between Transmission Network 
Impedance and Frequency
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Harmonic Impedance at a Bus in  a Real 
Transmission System
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Harmonic Impedance at a Bus in  a Real 
Transmission System
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Harmonic Impedance at a Bus in  a Real 
Transmission System
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Harmonic Impedance at a Bus in  a Real 
Transmission System
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10-Bus System (132kV)
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10 Bus System – Bus Impedance Magnitudes 
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10 Bus System – Bus Impedance Angles

Impedances become more capacitive at higher 
frequency
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Influence Coefficients Vary Non-linearly with 
Frequency

Influence Coefficient @ 
11th Harmonic Order

Influence Coefficient @ 
5th Harmonic Order

Influence Coefficient @ 
25th Harmonic Order
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IEC 61000-3-6 – Three(3) Key Steps

Impedance Polygon 

Only Contains Self-

Impedance Zh(j, j)

No Mutual 

Impedance Zh(i, j)

Cannot 

Estimate/Predict 

Harmonic Amplification
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Ih_GE
N

V
h

Vh Tend to be > Vh_Allocated Limits

Polygon contains network scenarios, which 
were excluded from the Harmonic Allocation 
– can lead to unnecessary filters.

Polygon does not include  relevant 
information on complexity of Transmission 
network impedances – can lead to Under-
Rated Filters

Generator
Harmonic 
Current 
Source

Procedures and Issues Associated with using 
Harmonic Impedance Polygons

One of the Impedance Point in here is 
associated with the Network Scenario 
that was used for harmonic allocation

Another Impedance Point in here is 
associated with a Network Scenario that 
caused maximum harmonic amplification 
at the connection point due to a remote 
harmonic source and mutual impedance
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• Transmission System Harmonic Impedance is Complex and Unpredictable -
especially at high frequencies

• Different networks have different characteristics depending on the length, 
reactance, and capacitance 

• Short Circuit Power (MVA) is NOT a reliable indication of harmonic damping and 
network harmonic absorption capability in a Transmission System
• Only accurate for busbars with large Synchronous Machines

• Should avoid the use of Self-Impedance Polygons for pre-connection 
compliance assessment as it can lead to unnecessary filters
• More filters higher chances of resonances

Concluding Remarks



Work Package 1 - Pre-connection compliance 
assessment 

WP1.2 – Plant Modelling

Jason David



Frequency Domain Modelling of IBR
Background

• IBR inject harmonic currents into the network  

• Modelling required to estimate the impact 

• Lack of prescriptive processes to develop 
harmonic models

• Magnitude of error dependent on many 
factors

• Studies commonly applied in frequency 
domain due to reduced computational burden

• Purpose of WP is to define robust, prescriptive 
processes to allow development harmonic 
models



Frequency Domain Modelling of IBR
Importance

• IBR harmonic models are an important modelling component 
required to assess harmonic emission limit compliance

• IBR front-end filters and controllers have meaningful impacts on:

• The resulting emissions at the PCC

• Impact on existing emissions due to amplification/damping of system 
harmonic impedance

• Models that are unable to represent the IBR adequately when in 
operation, may:

• Over/under-estimate harmonic emissions at the PCC

• Result in ill-designed mitigation solutions

• Suggest mitigation is required that is ultimately unnecessary 

• Important factors such as resonance and remote amplification may not 
be captured



Frequency Domain Modelling of IBR
Existing commonly applied process

• Frequency perturbations applied to 
terminals of device

• Measurements used to determine 
frequency response

• Complex models to be represented as 
simple Norton equivalent models at each 
frequency of interest

• Used to assess impact of individual (or 
multiple) devices when connected to the 
network with reference to: 

o Harmonic emission

o Impact on system network harmonic 
impedance



Frequency Domain Modelling of IBR
Study: Review of existing experiences - Diversity

• Multiple identical harmonic sources operating under very 
similar conditions

• Intuitive conclusion is that harmonic emissions will be in-
phase

• Studies and publications have reported meaningful diversity 
under such conditions

• Largest contributing factor due to uncoordinated carrier 
waveforms between inverters causing phase shift

• i.e. 𝛼 ≠ 1…but also 𝛼 = ? ? ?



Frequency Domain Modelling of IBR
Study: Review of existing experiences – Frequency Coupling

• When developing the frequency response of an IBR, a perturbation at frequency 𝑓𝑝,ℎ will 
commonly cause responses at 𝑓𝑝,ℎ, 𝑓𝑝,ℎ+1, 𝑓𝑝,ℎ+2 …

• Taking frequency coupling into account results in a 𝑛 × 𝑛 matrix with mutual (𝑍ℎ,ℎ) and 
coupled (𝑍ℎ,ℎ+𝑎) impedances.

• Where 𝑛 is the number of harmonic frequencies being considered

𝑍 =

𝑍ℎ,ℎ ⋯ 𝑍ℎ,ℎ+𝑛

⋮ ⋱ ⋮
𝑍ℎ,ℎ−𝑛 ⋯ 𝑍ℎ,ℎ

• Multiple recent studies have found impacts of frequency coupling to be very limited, i.e. 
negligible

𝑍 ≈

𝑍ℎ,ℎ 0 0 0

0 𝑍ℎ,ℎ 0 0

0 0 𝑍ℎ,ℎ 0

0 0 0 𝑍ℎ,ℎ



Frequency Domain Modelling of IBR
Study: Review of existing experiences – Sequence coupling

• Similar to frequency coupling, coupling across positive and negative sequences have 
been reported to have meaningful impact on the response of IBR 

• i.e. a perturbation in the positive sequence, excites a response in both the positive 
(𝑍+ +) and negative sequence (𝑍+ −)

𝑍ℎ =
𝑍+,+ 𝑍+,−

𝑍−,+ 𝑍−,−

• Whilst such factors may be captured if detailed information regarding the device is 
known (i.e. controller transfer functions), it is not necessary to demarcate from the 
mutual and coupled response

• The commonly applied perturbation method captures these interactions, i.e. 

𝑍ℎ =
𝑍+,+ + 𝑍+,− 0

0 𝑍−− + 𝑍−,+



Frequency Domain Modelling of IBR
Study: Assessment of component tolerances

• Four technologies assessed

• HVDC

• WTG Type III

• WTG Type IV

• Solar PV

• Tolerances of component values 

• Converter transformers

• Grid-tie filters

• Line reactors 

• Capacitors 



Frequency Domain Modelling of IBR
Study: Assessment of component tolerances

• Component tolerances have 
considerable impact on the 
representation of the converter close 
to the resonant frequency 

• Needs to be considered in the 
development of the harmonic model 
of the IBR

• For Solar PV & WTG, tolerances may 
average out when multiple 
converters are connected within the 
same plant

• Unable to estimate worst-case as 
this is network & plant dependent



Frequency Domain Modelling of IBR
Study: Assessment of external conditions

• Single technology assessed (Solar PV) 

• Range of general and extreme network 
conditions considered;

• SCR

• X/R

• Unbalance (fundamental)

• Background distortion levels

• Resonance

• IBR harmonic model determined for each 
condition and compared with ‘base case’

# Scenario SCR X/R Unbalance BG 
Distortion

Resonance

BC Base Case 10 1000 0 0 n/a

1 SCR 3 - 
20

1000 0 0 n/a

2 X/R 10 4-10 0 0 n/a
3 Voltage Unbalance 10 1000 0.2- 1%

Mag & ang

0 n/a

4 BG Distortion 10 1000 0 10 – 85% 
of 
Planning 
levels

n/a

5 Resonance 
Conditions

10 1000 0 0 System 
resonant 
impedance



Frequency Domain Modelling of IBR
Study: Assessment of external conditions

• Limited variation for most of the system 
conditions assessed

• Impact of network strength becomes apparent 
when SCR<10 near the resonant frequency of 
the device 

• More converter technologies to be assessed 

• Other conditions to be assessed

• Fundamental voltage levels

• Impact of nearby IBR

• Variation of Norton equivalent current source 



Frequency Domain Modelling of IBR
Plan forward

• Measurement and modelling data has been requested from 
OEMs & developers 

• Develop Python-automated PSCAD simulation environment (4 
weeks)

• Assess nominal model, align frequency response with generic 
controller transfer function bode plot (6 weeks)

• Assess OEM models available (PV inverter & Type III/IV), 
compare with OEM outcomes (6 weeks) 

• Investigate discrepancies with field measurements (3 weeks)

• Vary EMT model conditions to assess sensitive components that 
may improve alignment with field measurements (6 weeks)



Frequency Domain Modelling of IBR
Plan forward

• Further the existing knowledge with OEM engagement to 
address the inconsistencies that have been detected in field 
measurement trials

• Identify necessary variations that are to be assessed using 
detailed EMT simulations

• The outcomes will be shared with OEMs and other stakeholders to 
improve the understanding of important factors in the development 
of frequency domain models (WP 4)

• Provide application guidelines to ensure OEMs have robust & 
consistent reference materials to develop required data 



Work Package 2 - Post-connection compliance 

assessment 

Nima Zabihi



Work Package Activities
• Development of a methodology to identify the contribution of individual 

customers to overall emission levels.

• Determination of the allowable plant operating conditions for reasonable 
compliance measurement.

• Providing recommendations for appropriate network operating 
conditions applicable for compliance assessment.

• Providing guidance on measurement duration for compliance 
assessment.



To find the larger equivalent harmonic “voltage source” contributor:

Thevenin equivalent model 

Equivalent Circuits of the System 
Depending on the applied equivalent circuits, there are two most common definitions for the dominant source:

The side with the larger equivalent harmonic “current source”:

Norton equivalent model 



Customer responsibility for a particular 
harmonic at the PCC :

Harmonic Emission Level Definition
IEC Technical Report 61000-3-6 

𝑉𝐶ℎ = ത𝑉ℎ𝑖 𝑐𝑜𝑠 𝛿ℎ𝑖 − 𝛿𝑝𝑐𝑐_ℎ

1. Voltage Current Contributions

2. Harmonic Current Contributions

ഥVUh = ഥV pre−connection

ഥVpcc_h = ഥV post−connection



Identification of Harmonics Sources 
Harmonic source detection methods and emission Levels

1. Active power direction 
method

2. Reactive power-based 
method

3. Voltage-current ratio 
method



Harmonic Current Contributions: Harmonic voltage contributions:

Harmonic Vector Method (HVM)
Applying the principle of superposition- Harmonic Emission Level

ҧ𝐼𝑈_𝑝𝑐𝑐 =
ҧ𝑍𝑈

ҧ𝑍𝑈 + ҧ𝑍𝐶

ҧ𝐼𝑈

ҧ𝐼𝐶_𝑝𝑐𝑐 =
ҧ𝑍𝐶

ҧ𝑍𝑈 + ҧ𝑍𝐶

ҧ𝐼𝐶

ҧ𝐼𝑝𝑐𝑐 = ҧ𝐼𝑈_𝑝𝑐𝑐 + − ҧ𝐼𝐶_𝑝𝑐𝑐

ҧ𝐼𝑝𝑐𝑐 = 𝐼𝑝𝑐𝑐 = 𝐼𝑈_𝑓 + 𝐼𝐶_𝑓

ത𝑉𝑈_𝑝𝑐𝑐 =
ҧ𝑍𝑈

ҧ𝑍𝐶

ҧ𝑍𝑈 + ҧ𝑍𝐶

ҧ𝐼𝑈

ത𝑉𝐶_𝑝𝑐𝑐 =
ҧ𝑍𝑈

ҧ𝑍𝐶

ҧ𝑍𝑈 + ҧ𝑍𝐶

ҧ𝐼𝐶

ത𝑉𝑝𝑐𝑐 = ത𝑉U_𝑝𝑐𝑐 + ത𝑉C_pcc



Harmonic Current Contributions:

Harmonic Emission Level
Harmonic Vector Method (HVM) 

ҧ𝐼𝑝𝑐𝑐 = 𝐼𝑝𝑐𝑐 = 𝐼𝑈_𝑓 + 𝐼𝐶_𝑓

a) IU_f and IC_f add up

Decomposition of Ipcc of hth harmonic into two components:

b) IU_f and IC_f cancel out

𝐼𝑈𝑓 = ҧ𝐼𝑈_𝑝𝑐𝑐 . 𝑐𝑜𝑠 𝜑𝑈_𝑝𝑐𝑐 − 𝜑𝑝𝑐𝑐

𝐼Cf = ҧ𝐼𝐶_𝑝𝑐𝑐 . 𝑐𝑜𝑠 𝜑𝐶_𝑝𝑐𝑐 − 𝜑𝑝𝑐𝑐



— If P>0 , the U side causes more hth harmonic distortion

— If P<0 , the C side causes more hth harmonic distortion 

Active Power Direction Method 
Inaccuracy of this method

𝑃𝑝𝑐𝑐_ℎ = 𝑅𝑒 𝑉𝑝𝑐𝑐_ℎ𝐼𝑝𝑐𝑐_ℎ
∗

Vpcc_h and Ipcc_h are the harmonic voltage and current at the 
PCC for a particular harmonic number:

A positive Ppcc does not necessarily imply that Vu<Vc . In other words, the direction of active power flow at the 
PCC cannot be a proper indicator to identify the dominant equivalent harmonic “voltage source”



• Despite this restriction, the direction of 
reactive power is still a more reliable 
indicator than the direction of active power 
in this case

Reactive Power Direction Method 

• Where δ is the phase-angle difference between the 
two sources. Since Cosδ is always less than 1 and if , 
Xu+Xc>0, condition Eu>Ec automatically implies that 
the direction of reactive power is from U side to the 
C side.

• The reason that the indicator is not a sufficient one is 
because the reactive power can still flow from U side 
to the C side if Ec is greater than Eu but EcCosδ is 
less than Eu. The phase-angle δ therefore, plays an 
important role in this case as well.



Voltage-current Ratios

• Equivalent harmonic voltage ratio:

• Harmonic current contribution ratio:

• Harmonic current scalar projection ratio:

• Harmonic voltage divider ratio:

• Harmonic current emission influence ratio:

• Harmonic voltage change ratio due to customer:



Harmonic Voltage Divider Ratio

• The magnitude of ρv-d  as well as the magnitude of (1 - ρv-d ) 
can be higher than 1 because of the resonance between 
the utility and customer equivalent harmonic impedances

• |(1 − ρv-d )| > 1 means that the harmonic voltage contribution 
of the utility side is larger than its equivalent harmonic 
voltage source.

• |(1 − ρv-d )| < 1 means the opposite of the abovementioned 
statement.



Harmonic Current Emission Influence Ratio (Ρth-i)

• Determining the relative harmonic current change at 
the PCC caused by the utility equivalent harmonic 
voltage source 

• ρth-i >1 means that presence of the utility equivalent 
harmonic voltage source decreases the harmonic 
current amplitude at the PCC.

• ρth-i <1 means the opposite of the above-mentioned 
statement.

• ρth-i =1 : the presence of the utility equivalent harmonic 
voltage source does not change the harmonic current 
amplitude at the PCC.

-



Harmonic Voltage Change Ratio due to Customer 

Difference between harmonic voltage change ratio, the 
factor employed in IEC (left) and HVM approach (right).

• ρΔV >1 means that the connection of the customer 
increases the harmonic voltage at the PCC.

• ρΔV >1: the connection of the customer decreases 
the harmonic voltage at the PCC.

• ρΔV =1 : the connection of the customer does 
not change the harmonic voltage amplitude at the 
PCC.



Benchmark System to Evaluate Methods of 
Harmonic Contribution Determination

• IEEE-PES task force on Harmonics Modelling and Simulation, developed a benchmark test 
system representing a typical MV/LV network supplying industrial loads

IEEE Harmonics Working Group (STANDARD 519)



Overview Table

Indicators and necessary input data for different 
categories of harmonic source detection methods



Next plans:

• Developing the simulation case study was already started.
• Conducting tests utilizing the diverse methodologies explored during the 

preliminary phases of the project.
• Undertaking a comprehensive analysis of the test results, with a particular 

focus on validating the chosen method.
• Engage in consultations with industrial partners to get their thoughts and 

feedback regarding the results obtained.
• Explore the feasibility of implementing the selected method within 

industrial settings, assessing its practical applicability and potential 
impact.



Work Package 3 - Review of harmonic 

distortion planning limits

Obaidur Rahman



Work Package Activities
• To determine the appropriateness of harmonic compatibility limits for 

modern load appliances
• Identification of load types most affected by specific harmonic orders.
• Evaluation of the adequacy of existing compatibility limits
• Insights for refining standards and regulations related to harmonic 

distortion



Harmonic Voltage Compatibility Limits
AS TR 61000.3.6 Voltage Harmonic Compatibility Limits

Odd harmonics non-
multiple of 3

Odd harmonics multiple of 
3

Even Harmonics

h Voltage % h Voltage % h Voltage %

5 6 3 5 2 2

7 5 9 1.5 4 1

11 3.5 15 0.4 6 0.5

13 3 21 0.3 8 0.5

17<h<49 2.27*17/h-
0.27

21<h<45 0.2 10<h<50 0.25*10/h+0.
25

h= harmonic order THD=8%



Harmonic Voltage Compatibility Limits
AS TR 61000.3.6 Voltage Harmonic Compatibility Limits
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Harmonic Voltage Compatibility Limits

• Harmonic compatibility limits are based on field measurements from 
1970s
• Emission characteristics of loads have changed significantly since the last 

update

• The limits for certain harmonic orders are comparatively low, potentially 
leading to unnecessary constraints 
• This includes both even and triplen orders

• The impact of phase angle of the harmonics is not considered at all,
• This may be a critical issue for lower-order harmonics



Laboratory Test Set-up

Programmable Power 

Supply
Test Load

Oscilloscope/

Power Analyzer

Programming the 

Waveform Generator 

to inject the required 

harmonics

Harmonics 

Introduced

Load response captured 

through appropriate 

measurement device

Data 

Acquisition 

and 

Processing



Laboratory Test Plan

• Short-term effects focus on immediate harm, equipment malfunction, and 
the catastrophic failure due to the presence of harmonic currents and 
voltages 
• Evaluation through visual inspection

• Long-term effects are typically not immediately evident to end-users but 
can result in the premature failure of electrical appliances
• Assessment based on longer term measurements

Short Term Impacts

Long Term Impacts



Laboratory Test Plan
• Test Scenarios to be applied:

• Reference Case: No harmonics present
• Impact of Lower Order Harmonics
• Impact of Higher Order Harmonics
• Impact of Triplen Harmonics
• Impact of Even Harmonics
• Impact of Phase Angle
• Impact of Non-Characteristic 

Harmonics
• Grouped Harmonics



Test Scenarios

Test 
Number

Scenario Harmonic Order Variation
Magnitude of 
Voltage in %

Magnitude
 in Volts

Phase
 Angle

1 1. Reference Case None Purely Sinusoidal N/A N/A N/A

2

2. Impact of Lower
Order Harmonics

5 100% of IEC limit 6 13.8 0

3 5 150% of IEC limit 9 20.7 0

4 5 200% of IEC limit 12 27.6 0

5 7 100% of IEC limit 5 11.5 0

6 7 150% of IEC limit 7.5 17.25 0

7 7 200% of IEC limit 10 23 0

8

3. Impact of Higher
Order Harmonics

41 100% of IEC limit 0.67 1.541 0

9 41 150% of IEC limit 1.01 2.3115 0

10 41 200% of IEC limit 1.34 3.082 0

11 49 100% of IEC limit 0.52 1.196 0

12 49 150% of IEC limit 0.78 1.794 0

13 49 200% of IEC limit 1.04 2.392 0

14

4. Impact of Triplen
Harmonics

3 100% of IEC limit 5 11.5 0

15 3 150% of IEC limit 7.5 17.25 0

16 3 200% of IEC limit 10 23 0

17 9 100% of IEC limit 1.5 3.45 0

18 9 150% of IEC limit 2.25 5.175 0

19 9 200% of IEC limit 3 6.9 0

20 45 100% of IEC limit 0.2 0.46 0

21 45 150% of IEC limit 0.3 0.69 0

22 45 200% of IEC limit 0.4 0.92 0



Test Scenarios

23

5. Impact of 
Even Harmonics

2 100% of IEC limit 2 4.6 0

24 2 150% of IEC limit 3 6.9 0

25 2 200% of IEC limit 4 9.2 0

26 26 100% of IEC limit 0.35 0.805 0

27 26 150% of IEC limit 0.53 1.219 0

28 26 200% of IEC limit 0.7 1.61 0

29

5. Impact of Phase
Angles

3 100% of IEC limit 5 11.5 0

30 3 100% of IEC limit 5 11.5 180

31 5 100% of IEC limit 6 13.8 0

32 5 100% of IEC limit 6 13.8 180

33

6. Non Characteristic
 Harmonics

15 100% of IEC limit 0.2 0.46 0

34 15 200% of IEC limit 0.4 0.92 0

35 25 100% of IEC limit 1.27 2.921 0

36 25 200% of IEC limit 2.54 5.842 0

37 37 100% of IEC limit 0.77 1.771 0

38 37 200% of IEC limit 1.54 3.542 0

Test 
Number

Scenario Harmonic Order Variation
Magnitude of 
Voltage in %

Magnitude
 in Volts

Phase
 Angle



Test Scenarios

39

7. Grouped
 harmonics

41 to 50 1% Contribution
Odd- 0.4%
 Even 0.2% N/A 0

40 31 to 40 2% Contribution
Odd- 0.8%
 Even 0.4% N/A 0

41 21 to 30 3% Contribution
Odd- 1.25%

 Even 0.625% N/A 0

42

11 to 20 4% Contribution
Odd- 1.6%
 Even 0.8% N/A 0

43 2 to 10 5% Contribution
Odd- 2%
 Even 1% N/A 0

𝑇𝐻𝐷2 = 𝑇ℎ𝐷2−10
2 + 𝑇ℎ𝐷11−20

2 + 𝑇ℎ𝐷21−30
2 + 𝑇ℎ𝐷31−40

2 + 𝑇ℎ𝐷41−50
2

Test 
Number

Scenario Harmonic Order Variation
Magnitude of 
Voltage in %

Magnitude
 in Volts

Phase
 Angle



Laboratory Testing Plan

Measurements

• Parameters to be measured
• Electrical: Average RMS Current, Harmonic Current, Power
• Temperature Measurement
• Actuation/operation

• Aging of Capacitors (planned as a task to be carried out later)



List of Appliances

• Refrigerator
• Heater
• Pedestal Fan
• Air Conditioner (Inverter)
• Air Conditioner (Non- Inverter)
• Desktop
• Monitor
• LED Light
• CFL
• Tubular Light
• Vacuum Cleaner
• EV Chargers 
• Solar PV Inverters



Preliminary Testing

• Pedestal fan used to verify 
measurement protocols and set-up

• 4 scenarios considered

• Sinusoidal Reference Case
• 3rd Harmonic at 5% of the 

fundamental voltage 
• 3rd Harmonic at 10% of the 

fundamental voltage
• 3rd Harmonic at 5% at 180 degrees



Preliminary Results

Scenario Prms Irms ITHD

3rd Harmonic 

Current

Fundamental 

Current

Sinusoidal 33.8 W 0.1494 A 1.11 % 0.0013 A 0.148 A

3rd Harmonic 

5% 33.5 W 0.1481 A 8.85 % 0.0130 A 0.147 A

3rd Harmonic 

10% 34 W 0.1501 A 18.46 % 0.0272 A 0.147 A

3rd Harmonic 

5% at 180° 33.8 W 0.1490 A 13.7 % 0.0201 A 0.147 A



Work Package 4 – Dissemination of outcomes

Sean Elphick



Work Package Activities
• Main aim of WP4 is to accelerate the practical delivery of project 

outcomes to the market
• Engage with ENA to report on project progress and facilitate 

implementation of project outcomes
• Undertake ongoing liaison with Standards Australia and other 

stakeholders to advise of project progress and outcomes
• Facilitate an accelerated process for review/update of relevant Australian 

Standards

• Draft amendments for inclusion in ENA Doc 033
• These activities will ramp up over next 6 months



Project Outcomes
• A pre- and post-connection harmonic compliance assessment process
• A recommendation for harmonic voltage planning levels 

Holistic, Robust, Prescriptive, Consistent
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