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t d and uruegulated LED Jwnp driver
Fig. l. Simple unprotec e 
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This approach is unregulated and can be considered 
suitable to drop the voltage from 230 Yac to the de 
voltage requíred for the LEDs. The capacitar C1 behaves 
as a vo ltage dropping impedance and ensures that the 
current remains below the max.imum value. The current 
distortion produced by this design includes odd 
harmonics. Fig. 2 shows another s imple unregu!ated LED 
lamp driver. I contrast to the driver in Fig. 1 ,  i t  includes 
protection against surges and spikes. The resi stance R1 
and tbe capacitor C1 are used far l im i ting the current 
during normal operation . 

Fi g. 2. S imple unregulated LED lamp driver with protection agaínst 
surges and spikcs. 

The architecture of the circuits shown in Fig. 1 and 
Fig. 2 is similar. The difJerence between the two circuits 
re lates to thcir  bebavior against disturbances and inrush 
currents during transients . 

Another inexpensive approach for LED lamp drivers 
i s  shown in Fig . 3 . This c ircu it includes an ac-to-dc plus 

a de-to-de convcrter. 

Fíg. 3. S imple rcgulated LED lamp driver with intermediate 
de-to-de convertcr 

JU. Power Quality problems 

Power Quality from ap_ ,electromagnetic compatib i lity 
(EMC) point of view gives us an idea of the capability of 
an electrical or clectronic system, equipment ar device to 
operate in a speeific e leetromagnetic environment a.t 
design. levels of achievement without experiencing 
unacceptable degradation of operational performance. 

In this paper we focus on the behavior of LED lamps 
undcr flicker and the role they play in the voltage 
distortion increase of low-voltage (LV) di st ribution 
networks . 

III. l .  Harmonic distortion

Hannonic di stortion is one of tbe main problems 
associated with Power Quality. lt is related with the 
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existence of frequcncy componcnts added to the main 
frequency. These components are mainly produced by 
non-linear loads [6] .  The Tota l Hanno nie Distortion
(THD) i s  common ly used to quantify the degree of
distortion of a voltage or current wavefonn. The general 
expression is defined as :  

( l )

whereXh i s  the nns value o f  barmonic h of the voltage
signal or current x (t) . 

Tbe standard IEC 6 1 000-3-2 [7]  assesses and sets the 
l imit far equ ipment tha t draws input current up to l 6
amps per phase .  When the equipmcnt draws cu rrent
between 1 6  and 75 amps per phase, it is necessary to use
IEC 6 1 000-3- 1 2  [8 ] .  In both cases the harmonics
mcasurement and evaluation methods are govemed hy
IEC 6 1 000-4-7 [9] .

From the point of view of the distribution network, the 
limit in North America is defined by the standard IEEE 
5 1 9  [ 10] that evaluates expression ( 1 )  with h varying
from 2 to H. The most recent standard IEEE 1 459  [ 1 1 )
devoted to power definitions under non-sinusoidal 
conditions inc ludes the de component in the numerator, 
so expression ( 1 )  is used. In Europe, the l imits for 
vo ltage distortion are defined by standard EN 50 1 60 
[ 1 2 ) .  

JJJ.2 .  Flicker 

Flicker can be defined as the effects produc ed on 
burnans by the variation of the l ight emitted by lamps 
that are supplied with a voltage that is modulated in 
amplitude. Toe maximum modulation levels are defined 
by the type of modulation and its frequency. Tbe standard 
IEC 6 1 000-3-3 [ 1 3] defines the maximum .flicker 
emission levels for loads with current con sumption less 
or cqual to 16 A. Annex A.2 defines the test conditions 
far evaluating thc flicker emiss ion of equipment whose 
primary function is the supply and/or regulation of 
lamps, including LEDs. The evaluation of the Pst andP1t 

has to be done only when the illumination system is 
capable of producing flicker. That is the case of 
numerous automatically regulated appl ications such as 
those commonly used in discos .  

From the point of view of the Distribllltion System 
Operator (DSO), the European standard EN 501 60 [ 1 2)
defines the maximum value of the P5cand Ptt .  The
document establ ishes a limit of 1 far 95% of the values 
measured in any one week measurement period. In North 
Ameriea, the reference values are defined by the standard 
IEEE 1453 [ 14] .  This documen t uses IEC 6 1 000-4- 1 5  
[ 1 5 ] as the measurement method and establishes
compatib i l ity levels in LV networks for Pst and P1t of 1 .0
and 0 .8  respeetively.

The IEC 6 1 000-4-1 5 [ 1 5] defines the functional and 
design specifications for a devicc intended for flicker
measurement. The document p.rovides the infonnation
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v. Results 
. . behavior of the available 

The eva\uat1on of the d e using ten different 
cornmercial tecfulology has b_een ~~ basic electrical 

T bl II sumrnanzes e fi h 
lamps. a e . d "th the consumption or eac 
parameters assoc1ate w1 

\amp. TABLEil 
p ARAMETERS ASSOClATED 

B ASIC E~~~LAMPS UNDER TEST 

Q 
Vrms Irms S P (W] [var] 

Lamp [V) [Al [VA] 3 46 
235.6 276.9 65.24 65. /4 1·2 2 

[ne. 235.8 58.3 J3. 74 6·3 4 52 
LI 235.9 19.5 4.61 0.89 24 27 
L2 235.7 /05.2 24.79 5.05 1Í 2 
L3 235.9 53.3 J 2.57 3.02 J 2 ·os 
L4 235. 7 53.0 J 2.49 3.15 u'. 77 
L5 235.9 51.7 12.2 3.21 /421 
L6 235.8 65.3 15.4 5.92 JO 64 
L7 235.7 52.5 /2.38 6.33 9.91 
L8 42 3 9.96 J.04 . 
L9 235.7 /8.3 4.31 1.03 4.18 
LI O 235.8 · Lx _ LED /amp number x. 

]ne.- Jncandescent lamp. · 

PF 

0.99 
0.45 
0.19 
0.2 
0.24 
0.25 
0.26 
0.38 
0.51 
0.1 
0.24 
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TABLElll 
NORMALIZED lNSTANTANEOUS FLICKER PERCEPTION FN ASSOCIATED W!TH THE LAMPS UNOER TEsT 

f, 
AV(o/o) 
lnc.tl! 

L1 
L2 
L3 
L4 
L5 
L6 
l7 
LB 
L9 

LJO 

5 
6.78/1.00 
0.00439 
0.00070 
0.00215 
0.00065 
0.00272 
0.00235 
0.01376 
0.01320 
0.00668 
0.00095 

10.6411.00 14.5411.00 16.7711.00 
0.00246 0.00192 0.00766 
0.00043 0.00046 0.00079 
0.00193 0.00202 0.00294 
0.00057 0.00062 0.00106 
0.00286 0.00296 0.00458 
0.00388 0.00317 0.00317 
0.01018 0.00771 0.02231 
0.01026 0.00725 0.01835 
0.00749 0.00812 0.00928 
0.00131 0.00120 0.00189 

26.33/1.00 35.9911.00 
0.00395 0.00387 
0.00070 0.00058 
0.00283 0.00302 
0.00110 0.00060 
0.00443 0.00404 
0.00323 0.00328 
0.01401 0.00891 
0.01379 0.00986 
0.01029 0.01082 
0.00167 0.00166 

6.25/1.00 
0.00888 
0.00145 
0.00363 
0.00235 
0.00463 
0.00497 
0.03537 
0.03669 
0.01364 
0.0028 

9.84/1.00 
0.00642 
0.00109 
0.00402 
0.00201 
0.00370 
O.Ol/23 
0.0196 

0.02242 
0.01412 
0.00222 

10 
13.4511.00 
0.00350 
0.00094 
0.00413 
0.00125 
0.00353 
0.00396 
0.01843 
0.01732 
0.01518 
0.00222 

(l)P / ~ st FN(lnc) 
lnc.-Jncandescent lamp. Lx.- LED lamp nwnber x. 

TABLEN 
BASIC HA.RMONIC ÜISTORTION PARAMETERS ASSOCIA TED 

WITH THE LAMPS UNDER T EST 

THDF-v THDF-i 13/11 ls/11 17/11 19'11 
Lamp [%] [%] (%] [%) [%] (%] 

lnc. 1,9 2,3 1,5 0,5 0,2 0,2 
L1 1,8 175,9 93,9 82,9 68,5 53,2 
l2 1,9 32,6 17,1 12.9 7,6 3,1 
L3 0,9 207,2 43,0 31,0 15,4 30,9 
L4 1,8 142,6 90,2 71,3 51,4 33.1 
L5 / ,5 209,5 98,8 92.7 84.6 75, 1 
L6 1,8 209,4 98,0 92.7 84,3 75,8 
L7 2,3 159,4 88,3 73,1 61.7 54,4 
L8 2,0 171,5 95,3 83,6 67,6 53,3 
L9 1,8 34,9 23,2 15,5 8,7 3,0 

LJO 0,8 32,4 22,6 11,6 9,7 5,2 
Jnc.- lncandescent lamp.Lx.- LED Jamp number x. 

The evaluated commercial LEO lamps exhibit a 
THDF-i that ranges from 32% to 209%. 

VI. Conclusion 

LED lamps exhibit a lower susceptibility to flicker 
distortion than lamps utilizing other illumination 
techniques. However, the current distortion is extremely 
high compared with other technologies. This distortion is 
not important in small-scale installations because of the 
low consumption demanded by these lamps but it must 
be taken into account if LED lamps are to be widely 
installed. Tt is irnportant to highlight that almost ali the 
commercial LED larnps analyzed do not include any PFC 
module. This is also an important drawback tbat needs to 
be improved in future designs. In addition, most 
commercial models do not include any element for 
overvoltage protection. This element increases tbe cost of 
the lamp but it is important in order to maintain 
acceptable levels of reliability and expected operational 
life. 

Acknowledgements 

This work was supported by theSpanish Government 
under the R+D initiative with reference ENE2007-
68032-C04-04/CON. 

Copyright © 2011 Praise Worthy Prize S.r.J. -AJ/ rights reserved 

2702 

References 
[l) G. Diez, L. l. Eguiluz, M. Manana, J. C. Lavandero and A. Ortiz, 

lnstrumentation and methodology for revision of European flicker 
thresbold,Harmonics and- Quality of Power. 2002. 10th 
lntemational Conference on, 2002, pp. 262-265 vol.\. 

(2) F. J. Azcondo, A. Ortiz, M. Manana, F. J. Diaz, C. Braas, C. 
Renedo, S. Perez, F. Delgado and R. Casanueva, EITects offlicker 
on diffcrcnt types of 150-W high-pressurc sodium lamps and 
ballasts,lndust,y App/ications Conference, 2007. 42nd !AS Annual 
Meeting. Conference Record of the 2007 JEEE, 2007, pp. 833-
838. 

[3] F. J. Diaz, F. J. Azcondo, F. Ortiz, A. Ortiz, M. Manana and C. 
Renedo, Effects of voltage sags on different types of ballasts for 
150-W HPS lamps, Electrical Power Quality and Utilisation, 
2007. EPQU 2007. 9th lntemational Co11fere11ce 011, 2007, pp. 1-
6. 

[4] M. Manana, A. Ortiz, F. J. Azcondo, F. J. Diaz, F. Gonzalez and 
C. Renedo, Flicker impact on 150 W HPS lamps of different ages, 
Electrical Power Quality and Utilisation, 2007. EPQU 2007. 9th 
lnternational Conference on, 2007, pp. l-6. 

[5] S. B. Sadati, M. Yazdani-Asrami and M. Taghipour-Gorjikolaie, 
Effects of bannonic curren! content and ambient temperature on 
load ability and lifc time of distribution transformers, 
lnternational Review of Electrical Engineering, vol. 5, pp. 1444-
1451, 2010. 

[6] J. Arrillaga, N. R. Watson, Power System Harmonics(John Wiley 
& Sons Ltd, 2003). 

[7] IEC 61000-3-2. Electromagnetic Compalibility (EMC). Part 3-2: 
Limits. Limits for Harmonic Curren/ Emissions (Equipment input 
Curren/ Up to and l11c/uding 16A Per Phase). 2005. 

[8] IEC 61000-3-12. Electromagnetic Compatibility (EMC) - Part 3-
12: Limits - Limits far Harmonic Currems Produced by 
Equipment Co,mected to Pub/ic Low-Voltage Systéms with Input 
Curren/ > I 6 A and :'.S 75 A Per Phase. 2011. 

[9] IEC 61000-4-7. Electromagnetic Compatibility (EMC) - Part 4-7: 
Testing 011d Measurement Techniques - General Guide on 
J-Tannonics and lnterharmo11ics Measurements and 
Iustru111e11tation, far Power Supply Systems and Equipme11t 
Connected Thereto. 2009. 

(10] IEEE Std 519-1992.JEEE Recomme11ded Practices and 
Requireme11ts far Harmonic Control in Electrical Power Systems. 
1993. 

[ l l] IEEE Std 1459-20l0JEEE Standard Defi11itio11s far the 
Measurement of Electric Power Quan/ities Under Sinusoidal, 
No11sin11soidal, Balanced, nr Unbalanced Co11ditions, 20 1 O. 

[12] CENELEC EN 50160. Vohage Characteristics of Elec1ricíty 
Supplied by Public Distribution Systems. 2001. 

[13) lEC 61000-3-3. Electromog11etic compatibility (EMC) - Part 3-3: 
Limits - Limitation of voltage chonges, vo/tage jluctuatio11s a11d 
flicker in public Jow-voltage supply systems, for equipmen_t _with 
rated curren/ ::: J 6 A per phase and no/ subject to co11d1tw11al 
connection. 2005. 

Jnternationol Review of Electrical Engineeri11g, Vol. 6. N ~
Special Jssue on "Power Quality in Smarl Gnds 



M. Manana, A. Arroyo, L. M. Muniz, S. Perez, F. Delgado 

[14] lEEE Std 1453-2004./EEE Recommendt!d Prac:tice for 
Measurt!murt and Lmúts of Voltage Fluctuations and Assodated 
light Flicker 011 AC Power Systems. 2005. 

[ 15] lEC, lEC 610004-15. Elec1romagnetic Compatibility (EMC) -
Part 4: Tes1/11g a11d Measurement Tech111ques - Sectton 15: 
Flic:kermeter - Funct1011al a11d Des1g11 Speci.ficatioiu. 2003. 

(16] Manana, M O11iz, A Renedo, C Percz, S Delgado, F Azcondo, FJ 
D1az, FJ Bnmas, C Casanueva,,R., Comparison oí flicker 
sensitivity in HPS tamps, 2007 IEEE lnternational Symposium on 
Jndusmal Electronics. Procudings. Vols 1-8, pp. 3002-3007, 

2007. 
[ 17) Pactfic power 345AMX User's Guide. 

Authors' information 
Dr. M ario l\taoana Cantell reccived his Ph D. 
írom the University oí Cantabria (UC), Spain in 
2000. Since 1998, he has been with the UC 
Elcctncal Engineering Department as a 
researcher and faculty member. He has 
authored/coauthored more than 100 papers in 
journals and coníerencc proceedings. His 
currcnl rcscarch intcrcsts are in Rcncwablc 

Energy.Elcctncal Machines and Powcr Systems "'hicb includes 
wind.PV and hybrid systcms.Power Quality and power system 
s,mulation. Dr. Manana 1s an Editorial Board member of the 
lotemational Joumal of Renewable Encrgy Technology. He is a 
member of the IEEE. Smce March 2005, he has a lso been the head of 
thc UC Electrical Enginccring Dcpartmcnt. 

Alberto Arroyo G uticrrez reccived his degrce 
of Industrial Engmeer from the Univers1ty of 
Cantabria (UC), Spain in 2006. From 2006 to 
2009 he worked asan cngineer for E.N.S.A and 
GAMESA. Since 2009, he has been with the 
UC Electrical Engineering Department as a 
rcscarchcr ami íaculty membcr. His curren! 
rescurch interests are in Rcnewable Energy, 

Electrical Machines and Power Quality. He is a student member of the 

IEEE. 

Copyright 02011 Praise Worthy Pn:e Sr I -Ali rights ruerved 

Luis Miguel Muniz Gonzalcz received bts 
degrce oí Industrial Engineer from the 
Umversity ofOviedo, Spain in 1992. Froml991 
to the prcsent be has been working as an 
engineer for various ,ndustrial compnnies. Since 
2007, he is the CEO oí ao cngincering 
company. He is also a faculty member of the 
Electrical and Energy Engineering Department 

al the University of Cantabria. His current rescarch interests are in 
Electrical Orives and Power Quahty. 

2703 

Severiano F. Perez Remesal received bis 
degrcc and Ph.D. from the University of 
Cantabria (UC), Spain in 2003 and 2008 
respectively. Since 2003, he has been with the 
UC Electrical Engmeering Department as a 
rcsean:her and faculty membcr.His currcnt 
resean:h interests are in Biomass and 
Renewable Energy. 

Fern2ndo Delgado San Rom:tn rcccivcd h1s 
degree and Ph.D. from the University of 
Cantabria (UC), Spain in 1998 and 2011 
respectivcly. Since 1999, he has been w,th the 
UC Electrical Engineering Depanmcnt as a 
resean:her and facully member.His curren! 
rescan:h intercsts are in Encrgy Markets and 
Rcncwablc Encrgy. 

/nternallonal Rev,ew of Electrical Engfneer111g. Vnl 6, N. 6 
Special lssue º" "Power Quahty tn Sman Gnds " 


	07IND_UCNG_14204476_powerqualityofbehaviorofcommercialgradeledlamps
	Pares_Página_1
	Pares_Página_2



