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The meeting was called to order by Mark Halpin at 10:00 AM.  Mark hosted both 519 and the 519.1 meetings, in the absence of the 519 chair. Minutes were recorded by Chris Mullins, in the absence of the group secretary. 
Old Business
IEEE legal slides were reviewed by Mark.  No patents were identified by the attendees.   There is no active PAR for the group, and no quorum requirements.  
New Business
Robust discussion on draft PAR contents.  There was no consensus or straw polling.  Some dominant thoughts or comments:
· Discussion on IBRs, especially HVDC - expand "load" to installations?  corner cases:     HVDC - do we want to cover this, or push it to some other standard?  seems to not fit into any existing standard (519, 2800, 1547).
· What to do with battery systems that are both loads and IBRs, but at different times of day?
· STATCOM or other grid device - what standard covers their emissions?
· may need to defer scope to upper committees, to discuss which standard would be best for HVDC, etc.
· Limit scope to 9 kHz, with 3-9kHz treated separately -suggestion from Dave Mueller
· Seems to be no desire to go over 9kHz now
· Need to have an upper frequency limit on total distortion - may differ from definition in 1547
· Move away from "harmonic" terms above kHz? call it distortion or noise
· In the PAR “need for project” section - don't mention settings limits explicitly - just mention that frequencies above harmonics need to be addressed.  Otherwise, may be forced to determine limits when they may not be desired
· Interharmonic levels in the 0.3 - 0.5%range - seeing these consistently 
· don't forget that the focus for 519 is PCC
· if interharmonic limits will be created in 519, would need to create an impedance model for determing current limits from voltage limits
· how to do interharmonic allocation?
Transitioned from 519 to 519.1 meeting around 10:55 AM.  Three presentations were given:
Roberto Langella on interharmonics:
· types of generators, effects
· interharmonic subgroup limits on even and odd subgroups designed to limit flicker
· field trials show interharmonic subgroup metrics matches actual flicker better than traditional Pst - using test LED 7.5W bulb
Jiri Drapela on Surevy of LED lamps for residential applications - flicker immunity
   - survey of 31 different LED lamps - 4 different driver types, showed relationship between driver type and flicker results from interharmonics


Jan Meyer - Survey of Interharmonic equipment emission and network disturbance levels
· information on actual interharmonic levels


Meeting adjourned at 12:00 PM
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Background
Interference mechanisms


Similarities (additional stress) and substantial differences (light flicker, malfunctions) between 
interference mechanisms


1. Interference mechanisms justify inclusion of interharmonics in EMC coordination


2. Individual harmonic and interharmonic limits justified in case of different interference mechanisms


Harmonics


• Additional stress (dielectric, mechanical, thermal)


• Visual interferences (audible noise)


• Malfunctions (e.g. household appliances)


Interharmonics


• Additional stress (dielectric, mechanical, thermal)


• Visual interferences (audible noise, light flicker)


• Malfunctions (i.e. communication and control-based 
appliances)


What are actual interharmonic equipment emissions, grid disturbance levels and equipment immunity levels ?







Background


What is the ratio between harmonic and interharmonic equipment emissions ?


IEC 61000-3-2: Limits proposal for harmonic current emissions


Current state
Grouping of spectral components is not obligatory    compliance evaluation based on harmonic spectral 
components


Discussion in TF 13
Two step procedure:
1. Harmonic groups  vs. existing emission limits
2. If failed in the first step: 


• Harmonic spectral components  vs. existing emission limits 
• Harmonic groups  vs. new grouped emission limits


Open question
Rationale behind the definition of multiplier for new grouped emission limits


Multiplier for new grouped emission limits







Activities


Laboratory measurements:
Current waveforms of 170 mass-market electrical appliances
• different categories, price segments, popularity rankings
• steady-state and variable operating point
• representative measurement duration: 


one or multiple 10-cycle intervals


Field measurements:
A: Survey of interharmonic voltages in LV networks
• 92 public LV networks in Germany
• Two measurement points per network:


transformer busbar, end of feeder


Category Appliance


Audio / 
Video


Stereo system (4)
TV (1), TFT monitor (5), 


Bathroom Electric shaver (4), Electric toothbrush (2), 
Hairdryer (5), Washing machine (1)


Office Copy machine (1), Laptop charger (19),
PC power supply (10), USB charger (25), 


Household


Air conditioner (1), Clock radio (6), 
ISDN telephone (3), Heat pump (1), 
LED lamp (60), Router (1), Vacuum 
cleaner (4)


Generation PV inverter (4)


Kitchen


Blender (4), Electric kettle (3),
Food processor (2), Induction hob (1),
Microwave oven (1), Refrigerator, Toaster 
(2) 


Overview of tested appliances







Lab: Interharmonic emissions


Results
Distinct interharmonics: 18 / 170 appliances, 85 harmonic groups 


Observations


• 59 / 85 cases:  harmonic groups of lower order (1st – 10th)


• 28 / 85 cases:  interharmonics <<  adjacent harmonic


• 19 / 85 cases:  interharmonics adjacent harmonic  


• 38 / 85 cases:  interharmonics >   adjacent harmonic


Harmonic groups with distinct 
interharmonics





interharmonic  <<  adjacent harmonic


interharmonic adjacent harmonic


interharmonic   >   adjacent harmonic



X







Lab: Utilization of emission limits


Results


None of appliances exceed existing emission limits 
by evaluation of harmonic groups


Observations


harmonic groups exceed 10 % of emission limits in 19 / 85 cases


• 9 / 19 cases:  interharmonics <<  adjacent harmonic


• 3 / 19 cases:  interharmonics adjacent harmonic  


• 7 / 19 cases:  interharmonics >   adjacent harmonic


Ratio between harmonic groups (𝐼୥,௛) and existing emission 
limits (Class A) for the measurements with distinct 


interharmonics


interharmonic  <<  adjacent harmonic


interharmonic adjacent harmonic


interharmonic   >   adjacent harmonic



X










Lab: Interharmonic contribution


Results


14 / 18 appliances (47 / 85 cases) are considered
(cases with interharmonics > adjacent harmonic excluded, as 
these will result in unrealistic ratios)


Observations


Ratio between harmonic groups and spectral components:


• 8 appliances (21 cases) – ratio above 1.01


• 6 appliances (12 cases) – ratio between 1.1 and 1.45


• only few appliances with interharmonics above 
0.6 % of the input current or 5 mA – marked with 


Ratio between harmonic groups (𝐼୥,௛) and harmonic 
spectral components (𝐼ୌ,௛) for the measurements with 


distinct interharmonics


TV Refrigerator
Air conditioner Microwave oven
Food processor Vacuum cleaner
Stereo system Copy machine


interharmonic  <<  adjacent harmonic


interharmonic adjacent harmonic


Criterion: threshold according to IEC 61000-3-2










Lab: Interharmonic subgroups
Relationship between alternative (𝐼୤୧ୱ୥, ௛) 


and centred (𝐼୧ୱ୥, ௛) interharmonic subgroups values


Observations


• Considerable differences between the subgroup values


• 6 measurements with 𝐼୤୧ୱ୥, ௛  𝐼୧ୱ୥, ௛⁄ > 1 for odd orders (∆)


Given the different impact of interharmonics around even and
odd harmonics on the sensitivity of LED lamps to light flicker,
it suggests underestimation of interharmonic values provided
by centred subgroup definition (max factor of 4.5)


∆ – odd orders,     – even orders, color scheme – slide 6 (left)


Alternative 
interharmonics subgroups


(odd und even order)


Order


2·h-1 2·h 2·h+1


Yc


Order


Yc


h h+1 h+2


Harmonic subgroup
h


Centred 
interharmonic subgroup


h+1







Field: Overview
Motivation
Survey of interharmonic voltage levels in public LV networks


Measurements
• Key data:  Germany, 55 DSOs, 92 public LV networks
• Measurement sites:  transformer busbar and end of the feeder  (92 – winter, 57 – summer)
• Measurement equipment:  PQ-Box 100 (200, 150) with the aggregation interval of 1 minute
• Measurement quantities:  harmonic subgroups (magnitude, phase angle), 


centred interharmonic subgroups (magnitude)
• Measurement duration:  complete week in winter and summer (2020/2021)


16%


44%


40%


Networks structure


Rural
Sub-urban
Urban


27%


51%


22%


Networks length


Low (≤ 1500 m)
Medium
Large (> 3000 m)


11%


89%


Type of customers


Industrial


Residential







Field: Locations (95th percentile)
Measurements at the busbar


(95th percentile of 1-min values, summer)
Measurements at the feeder end 


(95th percentile of 1-min values, summer)


--- Measurement uncertainty threshold of 10 %--- Measurement uncertainty threshold of 10 %


1 % 5 % 50 % 95 % 99 %


• 95th percentile in time and location does not exceed 0.3 %
• For 10 minute aggregation slightly lower values can be expected







Field: 99th percentile (locations)
Measurements at the busbar


(99th percentile of 1-min values, summer)
Measurements at the feeder end 


(99th percentile of 1-min values, summer)


--- Measurement uncertainty threshold of 10 %--- Measurement uncertainty threshold of 10 %


• 99th percentile in time and location does not exceed 0.5 % (except for one interharmonic)
• For 3 sec values slightly higher values can be expected


1 % 5 % 50 % 95 % 99 %







Field: 95th percentile (seasons)


--- Measurement uncertainty threshold of 10 % --- Measurement uncertainty threshold of 10 %


Measurements at the busbar
(95th percentile of 1-min values, winter)


Measurements at the busbar
(95th percentile of 1-min values, summer)


1 % 5 % 50 % 95 % 99 %


• Levels in summer tend to be slightly higher than in winter







Thank you for your attention !


Contact: jan.meyer@tu-dresden.de
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Was formed in the framework of the Harmonics WG (519) of the IEEE PES T&D Committee  
2019.


Its aim is to investigate issues and challenges behind the choice of feasible interharmonic 
limits in distribution networks to be included in future revisions of the Standard.


What should be the characteristics of « feasible limits »?
1. Based on actual effects;
2. Based on robust metrics;
3. Easy to be implemented and applied. 
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The IEEE 519 Interharmonic Limits Team
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Work done… so far
2020 


• "Issues and Challenges Related to Interharmonic Distortion Limits," 2020 19th 
International Conference on Harmonics and Quality of Power (ICHQP), Dubai, United 
Arab Emirates, 2020.


2021
•  “New Interharmonic Subgroup Definitions For Quantifying And Limiting Distortion In 


Distribution Networks”, CIRED 2021 Conference, (Virtual). 
2022 


• IEEE Standard for Harmonic Control in Electric Power Systems," in IEEE Std 519-2022 
(Revision of IEEE Std 519-2014) , vol., no., pp.1-31, 5 Aug. 2022, doi: 
10.1109/IEEESTD.2022.9848440. Annex A.


2023
• “New Interharmonic Subgroup Concept for Quantifying and Limiting Distortion in 


Distribution Networks: Further Developments and Experimental Validation”, CIRED 
2023 Conference, Rome, Italy, June 2023.
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Interharmonics
The Interharmonic is a sinusoidal component at a frequency non-integer multiple of the system 
fundamental frequency (its frequency is between two harmonic frequencies).


Causes
• Double stage AC/DC/AC converters 


• Adjustable Speed Drives,
• Inverter air conditioners,
• Wind turbines, PV systems, …


• Cyclo-converters, 
• Arc furnaces, 
• … 


Effects
• Voltage Fluctuations (Light Flicker) => up to 1kHz, 
• Mechanical resonances excitation for high power turbogenerators => up to f1, 
• Reduction of the expected life of induction motors and  transformers => up to f1, 
• Malfunctioning of power converters controlled by PLL systems => up to 2*f1,
• Electrical resonances excitation in distribution networks => whole range of interest (at higher 


frequencies there is no need to distinguish between harmonics and interharmonics), 
• …
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Non-lighting Equipment 
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Transformers 


AC Motors 
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Light Flicker 


Subharmonic voltage amplitude versus frequency (from 0 to fundamental power frequency) for 50 Hz 
systems; limits: --- Lightning Systems (Pst=1); … Transformers (SM=0.05); ―AC Motors (Positive 
sequence);        ⦿   Turbogenerators (Mechanical mode freq. = 18 Hz).


0.1


« feasible limits »
• Based on actual effects
• Based on robust metrics
• Easy to be implemented


and applied







Lighting Equipment
Limiting single ih or IEC subgroups?


7
Interharmonic-flicker curves of LED lamps.
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Power LEDs (700mA) with external isol. step-down conv. w/o PFC and with OCR, 60W/100-240V 
LED lamp with built-in non-isol. step-down conv. with OCR, 2W/90-240V
LED lamps with bult-in non-isol. electronic driver w/o PFC and w/o OCR, 0.75-3.5-7.5W/230V
Reference incandescent lamp 60W/230V


« feasible limits »
• Based on actual effects
• Based on robust metrics
• Easy to be implemented


and applied







First outcomes on actual effects 


Rationale
• Limitation of individual interharmonic bins ? → too many indices involved


ØInterharmonic subgroups – the same number of indices as for harmonics
• Limits for IH subgroups ? → too strict (respecting lowest immunity vs. 


frequency of a lamp) 
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« feasible limits »
• Based on actual effects.
• Based on robust metrics
• Easy to be implemented


and applied







An example
Limiting single ih or IEC subgroups?
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« feasible limits »
• Based on actual effects
• Based on robust metrics
• Easy to be implemented


and applied


UK reccommendations







First outcomes on actual effects 


Rationale


• Limitation of individual interharmonic bins ? → too many indices involved


ØInterharmonic subgroups – the same number of indices as for harmonics


• Limits for IH subgroups ? → too strict (respecting lowest immunity vs. 


frequency of a lamp)  


ØAlternative definition of interharmonic subgroups proposed (a new 


metric)
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« feasible limits »
• Based on actual effects.
• Based on robust metrics
• Easy to be implemented


and applied







A New Metric
New Interharmonic Subgroups


𝒀𝒏𝒊𝒔𝒈,𝒉𝒐𝒅𝒅 = #
𝒌(𝟐


𝟒
𝒀𝑪, 𝑵×𝒉𝒐𝒅𝒅 .𝒌
𝟐 +#


𝒌(𝟐


𝟒
𝒀𝑪, 𝑵×𝒉𝒐𝒅𝒅 /𝒌
𝟐


𝒀𝒏𝒊𝒔𝒈,𝒉𝒆𝒗𝒆𝒏 = #
𝒌(𝟐


𝟓


𝒀𝑪, 𝑵×𝒉𝒆𝒗𝒆𝒏 .𝒌
𝟐 +#


𝒌(𝟐


𝟓


𝒀𝑪, 𝑵×𝒉𝒆𝒗𝒆𝒏 /𝒌
𝟐


« feasible limits »
• Based on actual effects
• Based on robust metrics
• Easy to be implemented


and applied


𝑌1234,5 = #
6(7


8
𝑌9,67
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New TIHD metrics
In order to limit interharmonics, it is also necessary to introduce a limit for 
the total interharmonic distortion, TIHD. 


TIHD:;; = #
<&''(=


>&''


𝑌1234,<&''
7
,


TIHD?@?1 = #
<&''(7


>()(*


𝑌1234,<()(*
7
,


TIHD = 𝑌1234,5
7
+ TIHD:;; 7 + TIHD?@?1 7.


New Interharmonic Subgroups
« feasible limits »
• Based on actual effects
• Based on robust metrics
• Easy to be implemented


and applied
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A New Metric (we not alone…)
CIGRE WG B4.67 –TB 754 (2019)
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New Interharmonic Subgroups
Robustness tests


• A single interharmonic sweeping. 
• Multiple interharmonic tones (e.g. two, three, and more interharmonics 


producing complex waveforms, even sinusoidal and rectangular 
modulation). 


« feasible limits »
• Based on actual effects
• Based on robust metrics
• Easy to be implemented


and applied


Other challenges 
Leakage due to allowed desynchronization (IEC 61000-4-30 – 0.03 % of real system 
frequency) → higher background around f1 then the required limit level


ØRequirement for better synchronization accuracy - 0.01 % proposed as a solution.
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Single or multiple interharmonics







New Interharmonic Subgroups
Practical implementation


« feasible limits »
• Based on actual effects
• Based on robust metrics
• Easy to be implemented


and applied
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New Interharmonic Subgroups
Field Measurements


24 hours continuous monitoring


« feasible limits »
• Based on actual effects
• Based on robust metrics
• Easy to be implemented


and applied
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New Interharmonic Subgroups
Field Measurements « feasible limits »


• Based on actual effects
• Based on robust metrics
• Easy to be implemented


and applied
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New Interharmonic Subgroups
Ongoing activities


1) Look for a reference lamp based on market and experimental statistical evaluation.


2) Propose limits and frequency range.


3) Extend the rationale and the metrics to countries with RCS.


4) Discuss about current limits, and how the superposition of multiple emitting sources 


should be defined, if current limits shall be derived.
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Survey on LED lamps 
for residential applications: 


Flicker Immunity







Introduction & Motivation
• LED lamps drivers are the 


determining factor


• Focusing on:
§ retrofit LED lamps (household apps)
§ today's market survey
§ „standard“ characterization and 


classification


• LED lamps domination and 
ongoing development


• Concerns: EMC issues


i
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LED lamps market survey
• Selected lamps (31 samples)• Methodology


§ Stores ranked by annual sales (2021)
§ 9 best-selling e-shops selected
§ 10 bestselling LED lamps from each filtered


• Analysis results (90 samples)


Producer Socket Chip CCT (K) Control P (W) Label 
Philips E27 SMD 4000 No 12.5 PH/4D/-/1 
 E27 SMD 4000 No 13 PH/69/-/1 
 E27 SMD 2700 No 8 PH/62/-/1 
 E27 Filament 3000 No 4 PH/67/-/1 
 E14 SMD 2700 No 7 PH/89/-/1 
 E14 Filament 2700 No 4.3 PH/7C/-/1 
 GU10 SMD 2700 No 4.7 PH/86/-/1 
 GU10 SMD 3000 No 4.9 PH/12/-/1 
EMOS E27 SMD 4000 No 7.2 EM/45/-/1 
 E27 SMD 6500 No 8.5 EM/42/-/1 
 E27 SMD 4000 No 7.3 EM/31/-/1 
 E27 Filament 2200 No 4.3 EM/01/-/1 
 E14 SMD 2700 No 6 EM/20/-/1 
 E14 Filament 2700 No 6.0 EM/03/-/1 
 GU10 SMD 4000 No 7 EM/80/-/1 
 GU10 SMD 3000 No 3.8 EM/40/-/1 
V-TAC E27 SMD 4000 No 8.5 VT/61/-/1 
 E27 SMD 3000 No 9 VT/28/-/1 
 E27 SMD 4000 Triac 12 VT/84/T/1 
 E14 SMD 4000 No 7 VT/12/-/1 
Solight E27 SMD 4000 No 10 SO/06/-/1 
 E27 SMD 3000 No 12 SO/07/-/1 
 E14 SMD 3000 No 6 SO/09/-/1 
RETLUX GU10 SMD 3000 Step 6 RE/10/S/1 
 GU9 Filament 3000 No 3 RE/96/-/1 
Spectrum E27 SMD 4000 Triac 12 SP/76/T/1 
AVIDE E27 Filament 2500 Triac 7 AV/WW/T/1 
TESLA G9 SMD 4000 No 4 TE/40/-/1 
TP-LINK E27 SMD 2700 WiFi (Dim) 8.7 TP/10/W/1 
 E27 SMD RGB WiFi (RGB) 9 TP/30/W/1 
IMMAX E27 Filament 2.5-6.5 k WiFi (CCT) 7 IM/3L/W/1 


 







Experimental classification
• Classification results – LED driver classes


EMI aDC/DC
(aSMPS)


NO
EMI


aDC/DC
(CCR)


EMI


aDC/DC
(CCR)


aDC/DC
(CCR)


EMI
DC/DC
(S-S
aPFC+
SMPS)


24 of the 31 lamps 
Class A (type IV)


Class C (type II)


Class AC (type III+II)


Class D (type V/VI)
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Sensitivity to Voltage Fluctuation
• Characterization results – GF curves


EMI aDC/DC
(aSMPS)


NO
EMI


aDC/DC
(CCR)


EMI


aDC/DC
(CCR)


aDC/DC
(CCR)


EMI
DC/DC
(S-S
aPFC+
SMPS)


24 of the 31 lamps 
Class A (type IV)


Class C (type II)


Class AC (type III+II)


Class D (type V/VI)


1 of the 31 lamps 


4 of the 31 lamps 


2 of the 31 lamps 


Lamp transfer 
function 
gain factor


from supply 
interharmonics


to visible light 
fluctuation


N
EW


 !







Immunity to Voltage Fluctuation
• Characterization results – Interharmonic-Flicker curves


Class A (type IV) Class C (type II) Class AC (type III+II) Class D (type V/VI)


Pst=1 curves


~0.17


!







Immunity to Voltage Fluctuation
• Characterization results – Rectangular AM - Flicker curves


Class A (type IV) Class C (type II) Class AC (type III+II) Class D (type V/VI)


Pst=1 curves


~0.28







Immunity to Voltage Fluctuation
• Interharmonic-Flicker curves – “Reference LED”


Reference lamp (i.e. for IHs grouping) ?


Statistictical evaluation may be used.


I.e. 75th percentile !?


Reference lamp – Existing physically?
– Virtual model, TUNABLE ? 







Conclusions
• Three classes of retrofit LED lamp drivers were found (of four base classes 


A, B, C, D established previously)
• The new class AC with unique patterns was identified (4 of 31 pcs.), 


while A class dominates (24 of 31 pcs.)
• The class A lamps are of excellent immunity to voltage fluctuations (mostly), but 


the mains current is very distorted, THDI=(105-176)%
• The lamps of classes C, AC and mainly D improve the mains current waveform and 


consumption characteristics, but tend to be less immune to the voltage 
fluctuations


• Regarding the immunity to voltage flicker, class C lamp is the worst, 
but AC class is also of a potential to fail, GFmax=(0.8-3.2) 


• Under present EU regulation, class C drivers are no more acceptable
• “Reference lamp” approach has to be developed and accepted. 







Thank you for your attention
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