	IEEE Transmission & Distribution Committee
https://site.ieee.org/pes-td/

	[image: ]




2023 General meeting – Harmonics WG (519 & 519.1)
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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

Harmonics Interharmonics

« Additional stress (dielectric, mechanical, thermal) + Additional stress (dielectric, mechanical, thermal)

« Visual interferences (audible noise) « Visual interferences (audible noise, light flicker)
« Malfunctions (e.g. household appliances) « Malfunctions (i.e. communication and control-based
appliances)

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

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

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

. . . Multiplier for new grouped emission limits
Discussionin TF 13

Two step procedure: 2.50

comparison multiplier

. . L L. | —— muitiplier_(MvdB) |
1. Harmonic groups vs. existing emission limits 5 95 | —— multiplier_(FD)

2. If failed in the first step:
* Harmonic spectral components vs. existing emission limits
* Harmonic groups vs. new grouped emission limits

multiplier
= N
n N o
o wu o

1 L 1

Open question 1.25 -

Rationale behind the definition of multiplier for new grouped emission | 100+

5 10 15 20 25 30 35 40
harmonic order

What is the ratio between harmonic and interharmonic equipment emissions ?





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

-
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Overview of tested appliances

Category Appliance
Audio / Stereo system (4)
Video TV (1), TFT monitor (5),
Electric shaver (4), Electric toothbrush
Bathroom Hairdryer (5), V\sazc, hing machine (1) (@)
Office Copy machine (1), Laptop charger (19),
PC power supply (10), USB charger (25),
Air conditioner (1), Clock radio (6),
Biemaalbel] ISDN telephone (3), Heat pump (1),
LED lamp (60), Router (1), Vacuum
cleaner (4)
Generation PV inverter (4)
Blender (4), Electric kettle (3),
eEn Food processor (2), Induction hob (1),

E\Q;crowave oven (1), Refrigerator, Toaster






Lab: Interharmonic emissions

Washing machine
Vacuum cleaner
PV B

PV A

Blender C
Blender B
Blender A
Microwave oven
Stereo system
Hairdryer B
Hairdryer A
Food processor B
Food processor A
Refrigerator
Copy machine
Induction hob
Air conditioner
™V

Harmonic groups with distinct
interharmonics
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interharmonic

interharmonic

<< adjacent harmonic

~

= adjacent harmonic

® interharmonic > adjacent harmonic

35

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

Observations

59/ 85 cases:
28 / 85 cases:
19/ 85 cases:
38 / 85 cases:

harmonic groups of lower order (15t - 10t)
interharmonics << adjacent harmonic
interharmonics =~ adjacent harmonic

interharmonics > adjacent harmonic





(eres
Lab: Utilization of emission limits
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Ratio between harmonic groups (Iy,) and existing emission

limits (Class A) for the measurements with distinct
interharmonics

100 : : : :
- Results
e} o
] None of appliances exceed existing emission limits
o3 g ® ] by evaluation of harmonic groups
T ® © ® ®
SN ® [ ) ®
Ewp o © _ ® ] Observations
2 i o: @ ]
& e ® o harmonic groups exceed 10 % of emission limits in 19 / 85 cases
Ce ® %o o ® ©0 o
@ o ® . ® ] * 9/19 cases: interharmonics <& adjacent harmonic
® ®
o)
® ®e g . . . .
¢ i * 3/19cases: interharmonics adjacent harmonic
&O. 08°% . . . .
1 L ' ' - ' ' : « 7/19cases: interharmonics > adjacent harmonic
0 5 10 15 20 25 30 35 40

Order h —
O interharmonic << adjacent harmonic

@ interharmonic = adjacent harmonic

® interharmonic > adjacent harmonic
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Lab: Interharmonic contribution

Ratio between harmonic groups (I ) and harmonic

spectral components (Iy ) for the measurements with
distinct interharmonics

100 C T T T
: Results
oo ® ] . .
o .0 | o s 1 14 /18 appliances (47 / 85 cases) are considered

1 e °| (cases with interharmonics > adjacent harmonic excluded, as
x 10 | @ . . | these will result in unrealistic ratios)
= | ]
= o) - ®
= ° o
= o
= (e e Observations
,! 1 Fooi o 7 . . .
3 lovs - ] Ratio between harmonic groups and spectral components:
- o .8 | oV @ Refrigerator ] . )

Q. ko Ble) ® Air conditioner @ Microwave oven - - 8 appllances (21 cases) - ratio above 1.01

'\@) ® Food processor @ Vacuum cleaner 1 X .

. ;8‘, 2199 o iSteren systern | | & Eapy rdckine - 6 appliances (12 cases) - ratio between 1.1 and 1.45
. I 1 1 1 1 1 1 ( "
0 b RN - only few appliances with interharmonics above
0 . B .
O interharmonic << adjacent harmonic 0.6 % of the input current or 5 mA - marked with

~

@ interharmonic = adjacent harmonic

(01 Criterion: threshold according to IEC 61000-3-2
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Lab: Interharmonic subgroups

100 ¢

10 |

0.1 |

0.01

Relationship between alternative (Ifisg 1)
and centred (/isq, ) interharmonic subgroups values

(Fes

Power & Energy Society®

4 IEEE

Ve Centred
interharmonic subgroup
h+1

Harmonic subgroup

h h+1 h+2
Order —»
Ve Altemative

interharmonics subgroups
(odd und even order)

2:h+1

2-h-1 2:h
Order —»
Observations

Considerable differences between the subgroup values

[ il |
R N i m n " .,
AR A [ ] A
| | - A ] A A A ‘
- AT = A
lf.t.::A.A.A A E = E B B EHA -
. ]
.A A A A-A a
[ | A [ |
Aa,?* a A a
A E
5 10 15 20 25 30 35 40
h —

A - odd orders, [ - even orders, color scheme - slide 6 (left)

* 6 measurements with Igse , / Iisg, n > 1 for odd orders (4)

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)
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Field: Overview

Motivation
Survey of interharmonic voltage levels in public LV networks _‘¢
Measurements _r:f‘
« Key data: Germany, 55 DSOs, 92 public LV networks 1

b

 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 J’

« Measurement quantities: harmonic subgroups (magnitude, phase angle), |
centred interharmonic subgroups (magnitude) }L

1

|

« Measurement duration: complete week in winter and summer (2020/2021)

Networks length Type of customers Networks structure

f

m Rural
m Sub-urban
= Urban

® Low (£1500 m)

40'/.
) ® Industrial 44%
= Medium 89%

= Large (> 3000 m) m Residential
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Field: Locations (95" percentile)

Measurements at the busbar Measurements at the feeder end
(95t percentile of 1-min values, summer) (95th percentile of 1-min values, summer)
1 [T T T T T T T T T T T T T T T T T T T T d 1 T T T T T T T T T T T T T T T T T T T T
--- Measurement uncertainty threshold of 10 % 1 --- Measurement uncertainty threshold of 10 % 1

T 1 - ] T 1] i

x dnlnnnln =S 1 WU -

g 01 ¢ SINISiRID sl . g 0.1 EHAl IR = = _ 1
- : SHHI L s ] < L OHTH AL ]
2 I | H [ ] S s | - ]

- [ i 4L ] o [ I _ ]

0.01 L WYL alilils HH ﬂﬂﬂ HHHHHHHHH ﬂ” 0.01 N Hultinlslsls HH H HHI:l [IHI][II]H[I”H”””
1 3 5 7 9 111315 17 19 21 23 25 27 29 31 33 35 37 39 1 3 5 7 9 11131517 19 21 23 25 27 29 31 33 35 37 39
h — h —

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

1% 5% 50 % 95 % 99 %

[ D
-
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Field: 99" percentile (locations)

Measurements at the busbar Measurements at the feeder end
(99 percentile of 1-min values, summer) (99th percentile of 1-min values, summer)
1 F-T I I I I I I I I I I I I I I I I I I I b 1 T T T T T T T T T T T T T T T T T T T T
i 1 -+ Measurement uncertainty threshold of 10 % | --- Measurement uncertainty threshold of 10 % 1
T ! 115 T T 1L
IS - ) N LA
= § il8 ~ 7 = 0.1 [ MR- 0 i
< : L i ] 1 . LA §
S - = 1 - [ |-
< UL i ! SN | I ||MH
0.01 L 1 1 T=-|- Z10in ] H HHHHHHH H 0.01 - . ] S H T HH
135 7 9 11131517 19 21 23 25 27 29 31 33 35 37 39 1 3 5 7 9 1113 15 17 19 21 23 25 27 29 31 33 35 37 39
h — h —

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

1% 5% 50 % 95 % 99 %

[ D
-
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Field: 95t percentile (seasons)

Measurements at the busbar Measurements at the busbar
1 FT T T T T T T T T T T T T T T T T T T T ] 1 T T T T T T T T T T T T T T T T T T T T
i --- Measurement uncertainty threshold of 10 % | --- Measurement uncertainty threshold of 10 %
T inlin - 7 1
3 A KL A AR« _ 30 HH Naanal- -
2 01 eHHRHHAEHNE R i = 13 = 0.1 | i i - 1
= LA R L EAE A ! o 1N RIRR = [ i H (L ]
0.01 el linlalilallnldls ’:“:IH H 0.01 L ? njujs I alillls H H ﬂHHHHHHHH l:l
13 5 7 9 11131517 19 21 23 25 27 29 31 33 35 37 39 1 3 5 7 9 111315 17 19 21 23 25 27 29 31 33 35 37 39
h — h —

« Levelsin summer tend to be slightly higher than in winter

1% 5% 50 % 95 % 99 %

[ D
-
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Thank you for your attention !

Contact: jan.meyer@tu-dresden.de
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The IEEE 519 Interharmonic Limits Team

Jiri Drapela Mark Halpin Roberto Langella
- Brno University of Technology Auburn University I I The University of Campania
Brno, Czech Republic USA Italy
Jan Meyer David Mueller Harish Sharma
— Techn. Universitaet Dresden EnerNex Southern Company Services
Germany USA USA
Alfredo Testa e Neville R. Watson David Zech

I I The University of Campania University of Canterbury Duke Energy

Italy New Zealand us
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The IEEE 519 Interharmonic Limits Team

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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Work done... so far \

2020

e "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).

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).

< IEEE

Causes

* Double stage AC/DC/AC converters

* Adjustable Speed Drives,
* |nverter 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),

-_—





/;Es
Non-lighting Equipment fops

« feasible limits »

< IEEE

* Based on actual effects

e Based on robust metrics

— 1 : * Easy to be implemented
NN \ I .
Y S : . | and applied
9 AR Light Flicker I

E 08 - \ 1 -

= Transformers AN !

(¥ \ 1

g 0.6 - AN L.

o AC Motors AN . Y

8 N

S 0.4 - Turbogenerators R

.2 ///

5 02 - i

g 0.1 "'_—_—: ————————————————————————————————————————————

= 0k i l ! ! ! | u l u

*qé 0 5 10 15 20 25 30 35 40 45 50

Frequency [Hz]

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).
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Interharmonic magnitude for Pst

=1 (% V1)

ViH-pst

Lighting Equipment

Limiting single ih or IEC subgroups?

Powe & Energy Society®
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« feasible limits »
* Based on actual effects

e Based on robust metrics
* Easy to be implemented

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

10 -
_ / \ /
1 3 s

E / \\ /,

0-1 I I I I I 1 I I I I I 1 I I I I I 1 I I I I I 1 I I I
0 50 100 150 200 250 300 350 400 450 500

Interharmonic frequency, f, (Hz)

Interharmonic-flicker curves of LED lamps.
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First outcomes on actual effects \

« feasible limits »

* Based on actual effects.

e Based on robust metrics
* Easy to be implemented

Rationale |
and applied

 Limitation of individual interharmonic bins ? - too many indices involved
»Interharmonic subgroups — the same number of indices as for harmonics

 Limits for IH subgroups ? = too strict (respecting lowest immunity vs.
frequency of a lamp)

I

Order —»
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An example

« feasible limits »
* Based on actual effects

Limiting single ih or IEC subgroups? . Based on robust metric

* Easy to be implemented

and applied
Table 13 — Emission limits for subharmonics and interharmonics at supply system

PCC nominal operating voltage

Voltage <1 kV

Voltage > 1 kV

All voltage levels

Frequency (Hz) <95 <90 110-2490 2510-4990

Compatibility IEC 61000-2-2 02 0.5 29 0.343

level (% h=1)

Planning level 70.7% of 0.152 0.36 23 0:2223)
_ compatibility

(e:lr= 1) levels

) The compatibility and planning levels apply to individual subharmonic or interharmonic components.

2) The compatibility and planning levels apply to the interharmonic subgroup.

% In the case where the limit defined in Table 13 exceeds the limit of the adjacent integer harmonic, the
interharmonic limit shall be set equal to the lower of the adjacent integer harmonic levels.

UK reccommendations
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First outcomes on actual effects \

« feasible limits »

* Based on actual effects.

e Based on robust metrics

Rationale * Easyto b‘e implemented
and applied

 Limitation of individual interharmonic bins ? - too many indices involved
»Interharmonic subgroups — the same number of indices as for harmonics

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

frequency of a lamp)

» Alternative definition of interharmonic subgroups proposed (a new

metric)
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A New Metric (

« feasible limits »

4 IEEE

e Based on actual effects

NEW Interharm()nic SUbgroupS * Based on robust metrics

100 * Easy to be implemented

Power LEDs (700mA) with external isol. step-down conv. wio PFC and with OCR, 60W/100-240V

LED lamp with built-in non-isol. step-down conv. with OCR, 2W/90-240V .
= LED lamp with bult-in non-isdl. electronic driver wio PFC and w/o OCR, 0.75 W/230V 7.5 Wi23ov a n d a p p I I e d

Interharmonic magnitude for Pst=1
1 1

BNV = 4
i IHI L I H"I H I pt Ynisghoaa = 21{: YC(NXhodd) k+z YC(NXhodd)+k

A Altemative
interharmonics subgroups
(odd und even order)

2-h-1 2-h+1 _ 2 y2
Order —>» nlsg, k=2 Cike
11
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New Interharmonic Subgroups \

« feasible limits »
e Based on actual effects

NEW TIHD mEtriCS * Based on robust metrics

In order to limit interharmonics, it is also necessary to introduce a limit for * Easyto be implemented
. . . . and applied
the total interharmonic distortion, TIHD.

Hoda

2
TIHDOdd — z (Ynisg,hodd) !
\ hoda=1

{ Heven

2
TIHDeven — z (Ynisg,heven) !
\ hoaa=2

2
TIHD = \/(Ynisgyo) + (TIHD,44)? + (TIHD gper)?.

12
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A New Metric (we not alone...)
CIGRE WG B4.67 —TB 754 (2019)

Harmonic subgroup n

Centered interharmonic
subgroup n

A
e ™

Interharmonic Interharmonic
subgroup n- subgroup n+

Ty -

' n!n I

n-1 n-0.5 n n+0.5 n+1
appropriate harmonic limits for

VSCHVDC

Reference: 754

Figure 6-1 Proposed grouping methodology h
13

——

Harmonic group n
|]: Numerical value of the spectral bin

/ agre
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« feasible limits »

e Based on actual effects

RO b u St n ess te StS * Based on robust metrics

* Easy to be implemented

. . . . and applied
Single or multiple interharmonics

 Asingle interharmonic sweeping.

 Multiple interharmonic tones (e.g. two, three, and more interharmonics
producing complex waveforms, even sinusoidal and rectangular
modulation).

Other challenges
Leakage due to allowed desynchronization (IEC 61000-4-30 — 0.03 % of real system
frequency) - higher background around f; then the required limit level
»Requirement for better synchronization accuracy - 0.01 % proposed as a solution.
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e Based on actual effects

Practical implementation + Based on robust metrics

Sampling * Easy to be implemented
frequency and applied
generation
Input .
voltage ®——Preprocessing
; Sampling & R OUT 1
Main Instrument COnvVersion DFT » (& b Yor)
Input )
current ®——*|Preprocessing i
Grouping
Input for Active Power
see notes 3 and 4 _lL'L » OUT 2a (Yg,h)
Smoothing
» OUT 2b (Yog,h)
Check for
Compliance
[ OuT 3

> (pass or fail)

Fig. 2. General structure of a PQ measuring instrument (IEC-61000-4-7).

15
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« feasible limits »

FiEId Measure_ments * Based on actual effects

.............................................. ) * Based on robust metrics

1b) Mains: .
1230 V / 50 Hz * Easy to be implemented
B wn vn wn e wn n wn o vnan wn e vn v .
:1a) - ; ; ; and applied
 Program 24 hours continuous monitoring 2n9applec
- able
,AC SOUICe 0.8 I I I T T T T T T T T T T T
.2a) Light [195% percentile
-flickermeter 0.7 H—LM o
: PXI :
eecceccceceaTTITEEE TS “Testi 0.6 7
: 2b) Voltage . _
'DFT <05 — — ] — — — = =~
-analyzer & -
fickermeter  (PC_J (DA BT S0l ]
c ——
Fig. 4. Experimental setup. £ 5] _ _ — — — ]
100 0.2 _ =
Power LEDs (700mA) with external isol. step-down conv. wio PFC and with OCR, 60W/100-240V
LED lamp with built-in non-isol. step-down conv. with OCR, 2W/90-240V

'“' e LED lamp with bult-in non-isal. electronic driver wio PFC and w/o OCR, 0.75 W/230V 7.5 Wi23ov / 0 1 .. "

z lamp B0W230V . |:| D |:|

§ < 0 [ |:| [ m = [

2 O A 12 3 A S 6 1 8 9 a0 o

g% Interharmonic Subgroup order (-) K ,\\\'\0 0‘3\,\0 ot <

L

70 Fig. 8. 95% percentile of IH subgroups and of total interharmonic

§ . distortion factors (in 0 to 2.5 kHz range) together with tentative limits.

- 0 50 100 150 200 250 300 350 400 450 500

Interharmonic frequency, fiy (Hz)
Fig. 1 Lighting equipment: Interharmonic-flicker curves of LED lamps, rated voltage: 230 V / 50 Hz.
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« feasible limits »

FiEId Measurements- * Based on actual effects

1 , l . r * Based on robust metrics
// .
/ * Easy to be implemented
091 R=0.30 S R=0.78 A and applied
0.8 - ~ i -
0.7 .
. L J
E 0‘6 B N 15 T T T T T T T T T T T
-
~
5 0.5+ 7
QO
T 04r T ~ 1r
= &
0.3 . E
0.2 PSILF §70 5- B
. ¢ PSIVF
01 L —— Linear Regression | _ gg I
' /’_’{ —— Linear Regression '
0+ : I : I 00 30 50 70 100 130 150 170 200 230 250 270 300
0 0.2 0.4 0.6 0.8 1 Interharmonic frequency, le(Hz)

Pst(-)

Fig. 9. Correlation between TIHD,o4q4 normalized versus the proposed
limit (LIM= 0.3 %) and the two Pst indicators: Pstvr (red diamonds)
Pstvr (blue circles) and corresponding linear regressions.
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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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Introduction & Motivation \
O . . O .
LED lamps domination and LED lamps drivers are the
ongoing development determining factor
10 T T T T W
% gg : F’ower —l> ( 70 \_ S1 _( Z1 \_ S2 _[ 72 \_ S3
% gg i W LED lamps :;li)tlzg/1 (EMI) | |(ac/dc)| KEMI+CY |(dc/dc)| [(L/C/R) E(dc/dc);
2 50 | 0 Other lamps C) u ‘ [S2 ‘
g 40 [DBR] [C1| | +ctrl) [ | : N
L ST -
SZZZzZssczoooa8885584¢8 Zx — impedance networks;  Sx — converter stages
® . © . _
Concerns: EMC issues Focusing on:
/\ = retrofit LED lamps (household apps)
Emission of Immunity to " today's market survey
current voltage = ,standard” characterization and

classification

harmonics fluctuations
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LED lamps market survey

® Selected lamps (31 samples)

Producer Socket Chip CCT (K) Control P (W) Label

Methodology

= Stores ranked by annual sales (2021) Philips E27__SMD 4000 _ No 125 PH/AD/I
E27 __SMD__ 4000 _ No 13 PH/69//1
. E27 __SMD__ 2700 _ No 8 PH/62
= 9 best-selling e-shops selected E27  Filament 3000 No & P
El4 __SMD__ 2700 No 7 PH/RII
= 10 bestselling LED lamps from each filtered El4 Flamsat 7700 No 43 PWTCI)
PY GUI0 SMD 3000 No 29 PH/12/1
1 EMOS E27 SMD 4000 No 72 EM/45/-/1
Analysis results (90 samples) G SVD 00 N 72 EMAS
36% ‘ ilamen 0 . -
10% <8y ’ \ )\ El4__SMD 2700 _ No 6 EMR0MI
El4 Filament 2700 No 6.0 EM/03/-/1
'b GUI0O_SMD___ 4000 _ No 7 EM/SO/
100, GUI0 SMD 3000 No 3.8 EM/A0//1
o
19% 2 SMD = Filament  Nomddimmable VTAC E27__SMD__ 4000 No 85 VI6I/
. , = SMD (RGB) . E27__SMD__ 3000 _ No 9 VIR8HI
:Egilg)ss " uac - EHIIHHHI’Ie _ E27 __SMD 4000 Triac 12 VIS4
105 = Color changing El4 __SMD _ 4000 _ No 7 VI/12/1
DL ANCE BRANLUX Solight  E27___SMD__ 4000 No 0 SO/06//1
: . E27 __SMD__ 3000 _ No 12 SO07/1
: 519 2 4so 20% 20% El4 __SMD _ 3000 _ No 6 SOJ09//1
16% : \{ N ‘ RETLUX GUIO SMD __ 3000 _ Step 6 RE/N0/S/1
4 GU9 _ Filament 3000 No 3 RE/96//1
\ Spectrum E27 __SMD___ 4000 Triac T2 SP/76/T/1
\ \ 20% . AVIDE  E27  Filament 2500  Triac 7 AV/WW/T/1
- 0% TESLA GO ___SMD _ 4000 No 4 TE/A0/
aE27  mGUIO ® (2000-3000) K ® Bluetooth ® Wi-Fi TP-LINK E27 SMD 2700  WiFi(Dim) 8.7  TP/I0/W/I
T s = (4000-5000) K = RF Triac E27 _SMD __RGB __ WiFi (RGB) O TP30/W/I
= (6000-6400) K IMMAX _E27 __ Filament 2.5-6.5 kK WiFi (CCT) 7 IMBL/W/I
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Experimental classification —

— _H_|~: ‘
@ .o . . o ‘SK EE:%: a) Type I
Classification results — LED driver classes Nz S
_T__ _J‘ ? B L, i - —|_]:i o i: b) Type II
Class A (type IV) ot wone| 11 IR .
= | (aSMPS) ? N ,_\’: P
24 of the 31 lamps %3 ‘ 1k R“
- S oo | ] I A
| ji A | i“
1 seme] 7 \ Ty =
Class C (type II) .| L3 - § L] % O Type1v
1 of the 31 lamps [x2 —:j“ EEEE,
T h —|_z: 'y & , —‘:%m
wi | L& oty
(O I e jﬁ: s | T :: '
= EMI — W _|3K x o -
Z 4 ofthe 31 lamps 1t Bl i B
) L%—;
1 0 0T mf‘ B () L . OV
Class D (type V/VI) -, xx pene || % Qs
2 of the 31 lamps IR R 1Y T % o
— ' jﬁ: WPFCe) | == |(sMPSc)| = > p
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Characterization results — GF curves
0_—L T :]07772@7‘#7 I Lamp transfer
Class A (type IV) R 1 foone| __ 1% gw.zw«;; M‘%ﬁ” = m function
24 of the 31 lamps i J“ 3 B 8 Mﬂw VW :Eﬁ'ﬁﬂé%l —mg/]l gain factor
- - . 0 100 ) 290 600
— SR i l —RE/96//1 refGOWmc

Class C (type Il)
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interharmonics
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Characterization results — Interharmonic-Flicker curves

Class A (type IV) Class C (type Il) Class D (type V/VI)

—EM/01/-/1 —RE/96/-/1 —VT/61/-/1 —VT/84/T/1

—PH/67/-/1 — AV/WW/T/1 — SP/76/T/1 — ref. 60W inc. PSt=1 curves
10" ' ' ' | | |
[0}
-c 1 1 1 1
= 20 40 60 80 100
g Interharmonic frequency, f, , (Hz)
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® Characterization results — Rectangular AM - Flicker curves

Class A (type IV) Class C (type Il) Class D (type V/VI)

—EM/O1/-/1 —RE96/-/1  — VT/61/-/1 — VT/84/T/1 Pst=1 curves

—PH/67/-/1 — AV/WW/T/1 —SP/76/T/1 — ref. 60W inc.
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o
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N
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150
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N ing)
® Interharmonic-Flicker curves — “Reference LED” . o fOr \HsS group
p 1€
—EM/01/-/1 —AV/WW/T/1 —VT/84/T/1 Reference \a 5
PH/67/-/1 —VT/61/</1  =-ref. 60W inc. e\'\'t“e ]
—RE/96/-/1 —SP/76/T/1 — "LED reference" 75"_ erc
I | ".e. | - | |

)

V”' ,” l\jU

10° . I | '\/]

Ef’gz 10° \/MA\ /Y M ' | \ &
5 ‘ J

\‘ ’
\ Referen A mp' V— } |
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Conclusions

Three classes of retrofit LED lamp drivers were found (of four base classes
A, B, C, D established previously)

The new class /. C 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, THD,=(105-176)%

The lamps of classes C, /C 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 ~C class is also of a potential to fail, GF,,,,=(0.8-3.2)

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