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Research on Harmonics and Super High Harmonics of Cluster LED Street Lights
Emission Characteristics
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Abstract: With the rapid implementation of environmental protection policies for energy conservation and
consumption reduction, light-emitting diode (LED) street lamps have become an important non-linear load in low-
voltage distribution networks. The driving circuit of LED street lamp often adopts Boost-PFC (Boost type power
factor correction) technology, and the power factor is high, but the switching of high frequency switching tube will
produce more than 40 times of super high harmonics, the presence of the PFC (power factor correction) technology
modulation dead band also causes low-order non-characteristic harmonics in the grid side current. The grid-side
harmonics and ultra-high-order harmonic characteristics of cluster LED street lights based on Boost-PFC were
theoretically analyzed, and the accuracy of the theoretical analysis was proved through simulation and actual test
results.
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Fig.1  The model of LED drive circuit
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Fig.3 Relationship between impedance and super harmonic current
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Fig.5 Equivalent diagram of LED street light superharmonic

K5

ZINZ,1 &
N|Z|+|Z|z; (18)
A
T NIZI+1Z)] (19)
— U RS HLN
(NIZ |+ 1Z,1)
| (20)
IZ1+ 1+ N)Z]|
TR ST
N
ADY
I 2;' (21)
‘‘‘‘‘‘ oz + |z 1Z0+(1+N)IZ]
LED, 2 Sy i U I FL U Ky
N
[(NZI+1Z) =123 1
L,=1, -1 S ‘;](22)
terl = tone  ¥second 1 =
IZ1+ 1+ N)Z]
A EE T ) e S {Ei‘%{uul )
N
L(NIZJ+1Z,0) = 1Z 1Y 1,

N N = ,(23)
2 2 IZ1+(1+ N)Z]| |
AJLIAE Y .

Z Z.=0

I, <21
o1 N LSS LED ] = ViR I I B i

20 (23) 0T LA H IR A FE TR F8) 8 1 YR s 0 L VAR
20

(24)
Z.#0

5 R G5BT LED S50 B BT L PR35 LED # 5
YU L I R LED B AT B A 6 . i (24) Af
E i, HAEERGRABURT (Z.=0) A HL W [
PR YRS T LT T, A5 T B 35 LED AT 18 = I
W Z M, MR R G YA (Z.20) i A H
A ) e TR I LA 1 /N T B LED BEAT 1Y
R 1 RS I fE U 2

3 AL FEN S

31 {HEH&ES

Sk TSR G GG HR T D R B LED 1Y 3
U TR ¥R RV T R S R AT 43 AT R B b 3
I A A T IR, AR SE PR B AE O (1.5 km %
KT ) F5 e 07 ELRIARY , ARRE Cc i X AR S 0))
T 300 k2 fif LA 0 (LGI-10/2) , 7153 iz
BEAT 2 3% 1732 03 A B BT S 800 R=2.706 Q, L=
10 Ho %2 MZ AL LT LED #5472
BIZSLREE FAT IS LED BRAT 2035, RFILERAT
LB HE ST O BRI A 6 BT .

%2 LEDBISH
Tab.2 LED street light parameters

BT HE/N O HR/A SIRW R RS/ Hz
LED 220 0.81 150 0.84 50

i
11

LED#4T
150w

TEEM i '1

6 SR LED BTG SRR

Fig.6  Simulation model of cluster LED street light
32 HEERRESH

B 7 b BEARRE O T (AN 18 RGBT ) SE A
LED BXT (0 R L I ], B 7 el LU H H
HLR AT AP IE 5%, L A7 A — e
JEE P W A LA A DR ) 85T (o 2% ol 2 s ] Py L 3
WRAE ) A . (B 8 AL I Ak 1], AT 8 T LA
R FL R E B0 A E 0~ 2 kHz, 2 ~ 10 kHz 1
49 ~51 kHz =BG . TEARABL (0~ 2 kHz) N
IR R B AT 3,5, 7 AT U H R R T
H b R N . E R (2 ~ 10 kHz F149 ~ 51
kHz) PR F T 5 A A B R L
FEAN B B T 1 B AT, ZEA91 3% 50 kHz[&ﬁﬁm
(LED B&XTHF S0 ) HBs e 3t 5 Wi 17t




WO, 5 BB LED STk 5 A2 3 RSk 09 R SHF AT R

WA 20215 HS51E FH20M

500
2
®
-500 i
0.1 0.2 0.3 0.4 0.5
100 ¥
< 50 i H
£ o "NV
® 50 i
-100 ! 1
0.1 0.2 0.3 0.4 0.5
tls
K7 A% B RGBT B R R B 1E
Fig.7 Voltage and current waveforms without system-impedance
THD=30.01%
4 0.4/
3 0.32
10 0.24
2 0.16
< 1 0.08
S P A NG R | SUSISSE D 2. ¥ D —
49...49.5...50...50.5
B 5 (150 250 z;ﬂ'()’r:?g 550 i
0 20 40000 50000

00
iR Hz
P8 A &

Fig.8 Current spectrum

K9 2% [ R GEFHPUE LT AR RE LED B% AT
B L L G B T, TR 9 v HE L F R DB ¥
AR R T W AR T R 10 Ay O A
75 2% 8 R G BHPUIE Ol T HAk i i 30 70 AR B
(0 ~2 kHz) P 3 UK FIN5 YRS B O & f 8 ey, EL il
VU IO R T U0 P R A DR/ o A R B

500 i i
2
B
=500
0.1 0.2 0.3 0.4 0.5

50

o INAAACN AN AN NANN NN ANN AN
VVVVVVVVVVVVVVVVVVYV

L/ A

-50

0.1 0.2 0.3 0.4 0.5
t/s

P9 I8 R GEITR T B R DR 4]

Fig.9 Voltage and current waveforms with system-impedance

THD=31.13%
0.1

o

5 150 250 350 450 550 49 49.5 50 50.5
B /Hz Ji5/kHz

10

HLI/A
(=]

0 20000 40 OOO 50 600
2R /Hz

E 10 g e

Fig.10  Current spectrum

(2~ 10 kHz F1149 ~ 51 kHz) PN H38 I e v 2 12 1
AR B BLGR A_ SCE R U i  AE AL E J
ST S A B R U U RE AR ) A, BT R
FUGEE i 5 RS HTA B VIR
32 3 AR T H, Do) v S U BR o) 5 45 L1
B ART L, AT DA IR A O 3 YRR I R A S
G AR, 5,7, 9 YRS I LT S R E
VREBW ., HESUOE B IRER T% T 0.6 A
ER AR H T H X e TR 45t R B A9 U HE
TR
3 380 VEBMiEiEEIRI R

Tab.3 380 V grid harmonic current comparison table

AN IR I L TR AR/ A

FRUEr R, AR

kV ZHa/(kV-A) 3 5 7 9 =40
AR LN 300 1.7 1.9 1.7 06 &
PR A 300 3.7 070 032 0.15 >06

[ 11 4 LED KT it 54515 50 kHz 3 9
R U L R AR NSRRI A
W, 2N 58 2R G BB I A R IR %) o R I
FEL I 7 T (L 45 T A% LED BAT 10 48 5 v il
HLZ A, 5% I8 2R e BT U A F I 1) e e
VRIS HL U S B A LED BT 5 1 184 i g 44
T 2 A T B AN 2 T B B SR
SR TR B LR kA G AR AH
XPV2% o Y BT B ) — o R R, R
YCIRIY FEL A TN 12, DAL 100 A 78 S B L g o 4%
T (Z20) 5 U I LT 22 B A S I AN S b i
BN, S 4 i B, [ Bt Sz e 8 1 YR 3 I
FL 2 T A — 5 AR AL, TR R B G 6
UE T 20(23) Fr oA e aff 1

900 892
Z=0
= Z.#0
E 750 2.7 0
= 44 45 600
B 500 |- e :
= ' :
= > |
250 [~ H ' :
H H :
45 H ' ' '
A H [ ' ]
0 ¢ ! H H HE
1 5 10 15 20
LED# /4

BT B R HL LS LED BT % 5 &
Fig.11 Relationship between superharmonic current

and number of LED
33 LMERKRSH
L Tl et o s Pl = R R TR e
XoF [ 5 H, I Bt r Jmy T JB — 25K 1 km B BRAT 42
21



wAEF 2021F £51% F204

WK, A L RELED Bl 35k 5 A8 35 R 3% 69 K A4 AT R

P#% (20 2% LED AT, TAEJF AN 1 fros ) #5647
I

WA 8 4 : FLUKE435 H, B8 5 52 1034 (1%
YOI ) S (F F FLUKE435 L o
DA R IR R TSI, A1 L £ R 5 v TS D
AR FH SR A8 S % R IS 5 A Matlab 3K {4 647
30T

DRI 16 h(FAT TAERFK A 10 h) .

P12 S F il o 3RS A5 9 2% 4% LED
AT 4R 1 PR 5 R IR R L, B 12 TR R
FCH R E 2 AE LI AR , Ho AR R 2.42% il
JE AP T FEL DO R 3 38 HE RO 9 (<5%) o HJ2:
FL UL P A A6 ™ FE R AR | 5 A3 B 2 1A e U
W sy, It HAE A I A JE X I AE 7 (i
5y B B ] P R G IR ) 55 L 45 SR A
W4 o

THD,=2.42%

GENEAY

L L L L L L L L L L L
0.0 18.75 37.5 56.25 75.0 93.75

t/ms
THD,=27.8%
<
)
'}z\:_ 8.
B
. . . I . . . . . .
0.0 18.75 37.5 56.25 75.0 93.75
t/ms

K12 LED BRI i IR i ) 1]

Fig.12  Voltage and current waveforms of LED street light
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