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Abstract

In recent years, in the field of lighting application, LED has opened a new chapter in the history of
human lighting with its high efficiency and energy saving characteristics. With the increasing ap-
plication requirements of LED, the performance requirements of LED drivers have gradually de-
veloped into the bottleneck of LED. The fractional harmonic or Total Harmonic Distortion (THD)
has become one of the most important indicators to define the performance of LED drivers. In or-
der to solve the pollution and efficiency problems caused by the serious total harmonic distortion
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in the field of LED driver, two compensation circuits are proposed in this paper. Based on the tra-
ditional constant-on-time control mode, this circuit collects the voltage on the sampling resistance
which determines the output current of the LED and converts it into voltage and current compen-
sation respectively. The results of Mathcad software calculation, Simplis simulation analysis and
experimental verification show that this compensation method can optimize the total harmonic
distortion. At the input voltage of 220 VAC, the THD can be less than 10%.
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Figure 1. Principle of COT control mode
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Figure 3. Waveform of COT control mode
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Figure 4. Input current distortion diagram based on Mathcad

Bl 4. £F Mathcad {7E COT {ZHIRNIMN IR K EE

BT HE 4, AW BOX AR AR R B R A . H—, ﬁ%ﬁii@ﬁiﬁ%ﬂﬁﬁ)\%mﬁ%
iy HUR I Th 2 A S8, 1k Buck FHAMA SR S AMER R AL B TR 2R B, N Hie
R R R, BRIEAUNE, RIS E O N R 1], S R AR AR, Wm:i“@%
FL5| ) THD sgmi, el 77 s, SCRATEGH A .

K COT 304 Mathcad H i N\ B M 176~265 Vac 5 A5 E THD, KB v 220 Vac
I THD 45 3 5):

THDItE:
m:=1,3..15

ALl [Inn,(g) d9]:—4.141410""A AM;:L [f]avgg(e)de]:u.w:x A
27 (J

a (m)::l Uu‘n, (6)-cos(m-6) de] ay(m)= [J’Im,[e +cos(m-6) do

by (m):= [Jlm, 0)-sin(m-0) (19] by (m):= [J’ Tiny (6) -sin (m.+6) ds]
Fy(m)=Aq 1+ E,, ay(m)-cos (m-6) + i,, by (m)-sin (m-6)

Fy(m)i=Ag ot i ay(m) - cos (m-0) + i by(m)-sin (m-0)

FmKER: fi1(m,0):=a,(m)-cos(m-60)+b,(m)-sin(m-6)

bi(m) a(m)’ bam)” ay(m)’

2 2 2 2
a,(1)=0.012 A a,(3)=-0.004 A a,(5)=-0.003 A a,(7)=—0.002 Aa,(9)=-5.857-10"" A

Hy(m)= Hy(m) =

11)=(3.348-107") A b,(1)=0.109 A b,(2)=0.012 A b,(3)=-0.016 Ab,(5)=-0.007 A

b,(7)=—0.003 A b,(9)=-3.52-10" 4 b,(11)=(6.364-107") 4

HD,(11)=0.005HD,(13)=0.012  HD,(15)=0.018 HD,(17)=0.017 HD,(19)=0.012

H,(1)=0.077 A H,(2)=0.044 A H\(3)=0.012A  H,(4)=0.004 A
H,(1)=0.076 A H,(2)=0.037 A H,(3)=0.003A H,(4)=0.012 A
H.
HD, (m):= Hy(m) HD,(m):= 2(m)
H,(1) Hy(1)
HD,(1)=1 HD,(3)=0.153  HD,(5)=0.069 HD,(7)=0.029  HD,(9)=0.006
HD, (11)=0.007HD, (13)=0.011  HD, (15)=0.011HD, (17)=0.008 HD, (19)=0.005
HD, (21)=0.003HD, (23)=0.004 HD,(25)=0.005HD, (27)=0.004  H,(39)=(1.23-107") A
HD,(1)=1 HD,(3)=0.038  HD,(5)=0.084 HD,(7)=0.063  HD,(9)=0.03
( ( (
( ( (

HD,(21)=0.006 HD, (23)=0.003  HD,(25)=0.005HD,(27)=0.005 H,(39)=(2.833-107") A

THD, ._\/M—w.m%

Figure 5. COT mode THD calculation based on Mathcad
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Table 1. THD simulation value in COT control mode
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Table 4. THD measured value in voltage-type compensation
i< 4. BEMMERITHY THD SEMHE

176 200 220 265

THD/(%) 134 114 9.7 10.6

1E 176~265 Vac % N\ & JE Bl Rl iR AY THD #M2 R Gtk THD 23k, ik 5 AR

Table 5. THD measured value in current-type compensation
5. BRAMERITHY) THD LA

176 200 220 265

THD/(%) 12.7 11.1 9.4 10.9

4R 5 TR, ARSI HIRA THD AMEM TGS R B R, B AR COT %4
B RE K THD Ak 5%~7%, W& 4% THD #Mx2 2%, Pl THD SR8k 25 E. ER AT
176~265 Vac Ji [l 4, THD KT 14%, 220 Vac AL T, THD AliAF|/NT 10%HIRHR, & LED 3x3)
AU R B N EAR ) £

5. &g

ARLAES A SE COT #iliiat THD Z RN AL L, $RH TR THD #M25ik, eEfE4: CoT
HH T A8 B 2R AN o5 2R L 51 S THD &l &, JFi85d Mathcad BRI 1 THD {8,  [FB 50 E#ME
PORERAYE, I Simplis AR5 T 07 B, Simplis #8407 FAE A /E G B IAMES ST, THD ¥/ T
15%. feJo, SEERIGIE TN AR PR LG, 18 176~265 Vac B N HUEER T, 7liA%] THD
/NT 1A%, 220 Vac N FLE T, THD Ak EI/N T 10% 0808, 7ESEBr TREH A — & IR AN E.,

{EEHE 57T

SE 3k

[11 ®H#E, BAET, MOES, Brme)t. LED MR BN H BUIREFE K IR sh £ R & B 4R [3]. H IR 2A#, 2018, 16(1):
135-144.

[21 #&IK. HET Buck R A 1M 23R Th 2 RHUR IEB A 72 [D]: [Ai 12446712 30]. it Wil oK%, 2011.
[B8] ZEUige, MARE, ARMEHT, SRFh. F T A0 A m RS A ME R Boost ThA IBUIRIE AT HAT L[] BT 5
=R 2E3), 2011, 33(9): 2237-2242

[4] Yao, K., Wu, C., Chen, J., et al. (2019) A Scheme to Improve Power Factor and Dynamic Response Performance for
CRM/DCM Buck-Buck/Boost PFC Converter. IEEE Transactions on Power Electronics, 36, 1828-1843.
https://doi.org/10.1109/TPEL.2020.3007613

[5] KA. —FhmDhZ R 5 LED 1E3 a0 dtH[D]: [l 224678 3]. FRM: 51 K4, 2018.

[6] R4 Buck HIRIhZF HR: IE LED IREh#x i #8 A 75 % 1H[D]: [l 224718 30]. Bl Wil K%, 2016.

[71 i, — e e Sl I (a4 B K B e B AR e 3R 1K 20 T ST [D]: [ L2400 3], A M TR R 2%,
2013.

[8] E-THF. F&TIRIA R P S i T R R B B R B LED IR0 A stiH[D]: [t 244018 5C]. Bat:
RE K, 2018.

[9] Sun, J. (2004) On the Zero-Crossing Distortion in Single-Phase PFC Converters. IEEE Transactions on Power Elec-
tronics, 19, 685-692. https://doi.org/10.1109/TPEL.2004.826491

[10] Xie, X., Zhao, C., Lu, Q., et al. (2013) A Novel Integrated Buck-Flyback Non-lIsolated PFC Converter with High Pow-
er Factor. IEEE Transactions on Industrial Electronics, 60, 5603-5612. https://doi.org/10.1109/T1E.2012.2232256

DOI: 10.12677/mos.2021.103083 853 e RSE TR


https://doi.org/10.12677/mos.2021.103083
https://doi.org/10.1109/TPEL.2020.3007613
https://doi.org/10.1109/TPEL.2004.826491
https://doi.org/10.1109/TIE.2012.2232256

fAs, ZEHE

[11] Lam, J.C.W. (2014) A Single-Switch Valley-Fill Power Factor Corrected Electronic Ballast for Compact Fluorescent
Lightings with Improved Lamp Current Crest Factor. IEEE Transactions on Industrial Electronics, 61, 4654-4664.
https://doi.org/10.1109/T1E.2013.2288207

[12] Wu, X., Yang, J., Zhang, J. and Qian, Z. (2012) Variable On-Time (VOT)-Controlled Critical Conduction Mode Buck
PFC Converter for High-Input AC/DC HB-LED Lighting Applications. IEEE Transactions on Power Electronics, 27,
4530-4539. https://doi.org/10.1109/TPEL .2011.2169812

DOI: 10.12677/mos.2021.103083 854 e RSE TR


https://doi.org/10.12677/mos.2021.103083
https://doi.org/10.1109/TIE.2013.2288207
https://doi.org/10.1109/TPEL.2011.2169812

	基于COT模式的THD补偿方法研究
	摘  要
	关键词
	Research on THD Compensation Method Based on COT Mode
	Abstract
	Keywords
	1. 引言
	2. COT控制模式
	3. 基于Mathcad计算的THD补偿方法
	3.1. 电压型补偿方法
	3.2. 电流型补偿方法
	3.3. 基于Simplis仿真验证

	4. 实验验证
	5. 结论
	参考文献

