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t d and uruegulated LED Jwnp driver
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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

!nternationa! Review of Electrical E11gi11eeri11g, Vnl. 6. N. 6
Specia/ /ssue on "Power Q11ali�v in Smarr Grids " 





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

. the instrument. The m~in 

ff ker perception FN-
4. Compute the instantaneou; ic with the dark-box, the 

Fig. S shows the test sys em l and the data 
needed for manufactunng . th t the flicker evaluatton 

f h" docurnent is a 
drawback o t is . ndescent lamp [l 1-

arbitrary waveform power supp y 

is related with a 60_W inca onse FN(l}, (21, (4), (_16) has 
acquisition system. 

A normalized flicker resp ut a companson of 

been defined in ~rder a~e r:; l~mps in terms of their 
different cornmerc1al gr ply modulations. The 

fl
icker response to voltage sup 

· d fi das· parameter F N is e ne · ------
he 

~ l. (W(hf0)Sope(hfo))
2 

S~pt.rms n=hs 

(2) 

where: _ 1 frequency spectrum of the 
S ({) IS t1e 

opt . ·t oflight So c(t). 
instantaneous mtens1 y { the instantaneous 

is the rms value o 
S0 pt,rms . 
intensity of light: . defined by IEC 61000-
W (f) is the we1ght1Dg curve 

4-15. function represents the human eye 
This transfer 

response. 
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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. 
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