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ABSTRACT

With the broad use of power electronic equipment, electromagnetic pollution
becomes a more and more serious problem. All the countries make the strict standard
for the power factor of electronic equipment. Thus the power factor correction (PFC)
technigues have been a hot point in the field of power electronics in recent years.
Meanwhile, with the continuous increase of the requirement for voltage level and power
level of the power electronic equipment, multilevel converters, as an interesting solution
according with the trend, have drawn tremendous interest.

Digital signal processors (DSP) have been extensively used in areas of motor
control and power switch supply control system. Compared to traditional analog control,
DSP controllers have more advantage. With the rapidly improvement of DSP, more and
more control schemas can be realize.

This paper mainly study three-level Boost PFC control by digital method, present a
modified predictive algorithm for three-level power factor correction.

Based on analyzing operational principle and control strategy of three-level Boost
PFC, we can obtain three-level Boost PFC possess more advantages in higher frequency
smaller, volume of magnetic device and lower loss compared with one-level Boost PFC.

The paper adopt a novel a modified predictive algorithm in digital control strategy.
Base on researching tradition predictive algorithm, the method improve the capability
of system in a way. It only can achieve higher switch frequency which normal digital
control scheme can not reach, but also eliminate affection of output voltage ripple to
control loop system. With this digital control scheme we can realize the higher power
factor and output voltage cannot be change when load changed.

Designed the digital signal processors and sideline circuits of three-level Boost
PFC. Digital signal processors attach TMS320LS2407 of TI Company. The software
system contained initialization module, Pl algorithm module, digital accomplishment of
voltage loop and current loop module, sampling algorithm module and program flow
chart of whole system.

According to the theory analysis, design the whole system of three-level Boost
PFC controlled by modified predictive algorithm. The application efficiency is proved
by the experiment results.

Keywords. Three-level, PFC, Digital control, Predictive algorithm, DSP.



1
220V
|EC1000-3-2
(PFC)
11 THD
111
PF(Power Factor)
PF / PIVI (1.1)
AC-DC Y Vv
=12+ 1 2t 124 (1.2)
L0, n
Iy V, a
P =VI, cosa
PF =VI,cosa /VI =1, cosa/l (1.3)
L= L2124 1 2 (1.4)
(1.4) |
COS
1.1 PF ~1
1
11 1

Fig 1.1 Relation of input voltage and current when power factor is 1



1.1.2 g

THD
THD =1, /1, = 2+ 12+t 124 )1 (1.5)
Ih
15 14 1,/I =1/\1+ THD?
a=0 PF = 1,/1 =1/41+ THD? 16
16 THD , THD
1.2
1.2.1
1.0
1.2.2
Buck Boost Buck-Boost Boost
PFC
Boost 220V
400 V
Boost 400V
PFC
Boost
1.2.3
AC-DC

THD



min

max

124
PFC
DC/DC
3
PFC
5 PFC
13

131

Hysteritc band

min max

PFC

CCM
Unitrode

PFC

(4

PWM
THD
DCM
UC3854

(3]

PFC



PID

A/D
PWM( )

DSP
DSP
DSP
PWM

DSP
DSP

AD PWM

DSP



132

Boost

) DSP

ID
SEPIC
PFC
PFC
PFC Boost
PFC
Boost
Pl

PFC

PFC



1.4

Boost PFC
PFC

Boost PFC

TMS320LF2407

Boost PFC

Boost PFC

Boost PFC

PFC

Boost PFC



2 Boost PFC

2. Boost PFC
2.1 Boost g
I,
i, L, p
g 17T T T % .,l
+ - ]
i i
AV
I i1
jl F ( 1_'; F;z
— — -4
LA )
21 Boost

Fig 2.1 Three-level Boost PFC main circuit

220V 400V
VO
Boost 2.1 C,=C, Vy,=V,= >
Vo Vo Boost PFC
2 2
V., 0,-2.V, 2.2
1 |y, |<2 1 0
2
Yo Y% 0 22 a t,
2 2

|Vin| t1 T2

V,

CZ D2 |Vm|_70

T.,T,



2 Boost PFC

[Vin| Vi
22 a
t2 t3 Tl T2
1
V,
2 |vm|>5O 2.2(b) t T1
|Vin _V_ZO tl T11T2
Vin| = Vo 2
i - L 0 1
T2 LI I T2 —1 i
1

(PO - T -
@) (b)
22 Boost
Fig 2.2 Operation waveforms of athree-level Boost converter
2.2 Boost PFC
400V
2.3 PFC



2 Boost PFC

Vi
Vo
"_l Vinl
Vo2 \ / \
() \_, \
2.3
Fig2.3 Input voltage of three-level boost PFC converter
221 L6l
Boost
IV VT
Ai, =—DT, =—=(1-D)D
L L
2.1 v,, = 0.5V,
pi, = Ynpr = Yols
L 4L
1 Vin \é —Vin
2
\/20 Vi VT
Ai| = L D Ts = ;LS (2DTL -1 Dy
D, 2.3
Boost 1 v,, =0.25V,
Aimax = Vi DTLTs = VOTS
L 16L
Boost 2
A, = Vols
16L
22 23 2.4 Boost
Boost 1 24
4

Boost

21

2.2

2.3

24



2 Boost PFC

AA

@ Boost PFC
(@) Inductor current of one-level Boost PFC

24

b Boost PFC

(b)Inductor current of three-level Boost PFC

Boost

Fig 2.4 One-level and Three-level Boost PFC inductance current

2.2.2 [18]
23 Boost PFC
Boost PFC 1/4
L = VinTon _ (VO _Vin)Toff
Al Al
Al
Boost PFC 1/4
w2t
2
Boost PFC
22 a b
PFC 50kHz
100kHz 100kHz
50kHz
PFC
MOSFET

10

(6]

2.5

PFC
12

PFC



2 Boost PFC
2.3
PFC
Boost PFC 7
Iy L
. * e . _fd - +
T & CTW,
ACAD ]:m ---- R ] Fu-
" T,—F 1TV
— i - * - Ly
¥ D]
@
I L
- i e Y 5 - ﬂ - — ks
7,5 G
A R[] ¥,
T.E - E 1::hll_l;_'\'I.II-I:I]
r oD,
(b)
! L
i
—* v ]:" 5 +
i T
T,.B |CFh| |
ACHY Vv, R ] Ve
- R o
— { il __. - 1
t D,

©

11



2 Boost PFC

I,
s Y * D
r v — —
1] = :. C T ¥ |
ACHY | . o |_pemy R
51 i
. I H GV
v oD,
(d)
25 Boost PFC
Fig 2.5 Operational principle of Three-level Boost PFC
25 a ny =0
di,
V. | = -
| |n| 1 dt
del VOl + V02 0
1
dt
Cz dVOZ VOl + VOZ 0
at
2
V,
T T, 2.5(b) ny = ?O
|V|n| = Ll - +V02
Cl del VOl + V02 — 0
dt R
Cz dVOZ VOl + V02 — ||_
dt R
3
V,
T, T 2.5(c) ny = 70

12

2.6.1a

2.6.1b

2.6.1c

2.6.2a

2.6.2b

2.6.2c



13

2 Boost PFC
[Vin| = Ll(i;—tL+v02 2.6.3a
dVOl VOl + V02
1 dt + R =1 263b
c, Ve, VutVe _ 2.6.3c
dt R
4
25 d Vy =V,
di,
|Vin| = L1 — TV tVy 2.6.4a
dt
dvy, Vo +Ve
C, + =1, 2.6.4b
dt R
dVy, Vg +Ve -
C, + =i, 2.6.4c
dt R
. 3 3 v
d_ -9,  ([-3, M 2,653
dt L, L, 1
dV01 — (1_T1) i|_ _ Vor + Voo 2.6.5b
dt C, RC,
dVoz — (1_T2) i|_ . Vor + Vo2 2.6.5c
adt C, RC,
Vy, = (@=T)Vp + L=T,)Vy, 2.6.5d
T, T =1 T,=0 T, T, =1 T,=0
(8]
‘0 T,-1 T,-1 | -
i L L i D i
L 3 L L, L
% 01 1CT1 - R]C-: - R]C-: Vou |t 0 |Vin| =R Vy |t B|Vin| 2.6
Voz : ' " Ve 0 Voo
1-T, B 1 B 1
e RC, RC, |



Boost PFC

2.6

Al >0

Ll

det(sl - A)=s’+a,s° +a,s+a,=0

1 1
a, = +
RC, RC,
a, = (:I-_Tz)2 + (1_T1)2
LlCZ Llcl
_ (Tl _T2)2
RL,C,C,
Routh Hurwitz
a,>0 a >0
Cl Cz R (Tl _Tz)z
2.12
1
Al = iLref I
h:Imax_imin AIL >imin

14

a,>0 a-a,>0

(1_T1)2

(1_T2)2

2.7

2.8

29

2.10

211

212



Boost PFC

21

PFC

Tab 2.1 Operation mode of Three-level Boost PFC
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Fig 5.4 Output voltage from simulation
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Fig 5.5 inductor current when load changed
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55 56

5.2
TMS32LF2407
30V 50V
57 58 DSP PWM MOS
PWM

42



Tek L. @ Stop M Pos: 0000s Tek  JL. ® stop b Pos: 0,000
+ +

T

G
i__:
i___________

el

CHZ Z00W M 2500 THE 7 CHE S00Y M 2500 CHa
5.8MOS
5.7DSP PWM Fig 5.8 Drive signal of MOSFET
Fig 5.7 PWM shape from DSP
5.9 5.10 511
Tek S @ itop b Pas: —1.540ms
+

VVVVVVVYY

5.9
Fig 5.9 Wave of rectified input voltage

43



Tek L @ Stap b Pos: —1.600ms
+

M 5.00rms

5.10
Fig 5.10 Wave of inductor current

Tek A @ Stop b Pos: —2.000ms
+

K 25.0rms

511
Fig5.11 Wave of output voltage



(PFC)
DSP
DSP
PFC
Pl
1 Boost PFC
1/2
2 PFC
AD
PFC

DSP

45

PFC

PFC



PWM

3 Boost PFC
TI TMS320LS2407

4 Boost PFC
TMS320L S2407

46



47



[1] , . . . . . 2004.

[2] : . ) , 2002 10
[3] , . . ., 2, 3 .2002 9
[4] . . .2005 5

[5] Bor Ren Lin, Hsin Hung Lu, Yei Lang Hou. Single-phase power factor correction circuit with
three-level Boost converter. Industrial Electronics, 1999. Proceedings of the IEEE International
Symposium. Vol 2, 12-16. July 1999.

[6] M. T. Zhang ,Y. Jiang , F. C. Lee and M. M. Jovanovic, Single-phase Three-Level Boost Power
Factor Correction Converter, IEEE Applied Power Electron(APEC): 434-439,1995.

[7] Bor Ren Lin, Tsung Liang Hung, A single-phase three-level Boost type rectifier, Circuits and
Systems, 2002. ISCAS 2002. |EEE International Symposium on Volume 4, 26-29. May 2002.

[8] Manjing Xie. Digital Control For Power Factor Correction. Thesis submitted to the faculty of the
Virginia Polytechnic Institute and State University in partial fulfillment of the requirements for
the degree of Master of Sciencein Electrical Engineering. June 2003.

[9] Bor Ren Lin, HSIN HUNG LU. Single-Phase Power-Factor-Correction AC/DC Converters with
Three PWM Control Schemes. IEEE Transactions On Aerospace And Electronic Systems. Vol.
36, No.1. Jan 2000.

[10] Wanfeng Zhang, Guang Feng, Yan-Fei Liu, Bin Wu. A new predictive control strategy for
power factor correction[J]. Applied Power Electronics Conference and Exposition, 2003. APEC
'03, Eighteenth Annual 1EEE. Volume 1, 9-13 Feb. 2003 Page: 403 — 409, vol.1

[11] Wanfeng Zhang, Guang Feng, Yan-Fei Liu, Bin Wu. DSP Implementation of Predictive Control
Strategy for Power Factor Correction (PFC). 2004 |EEE: 64-73.

[12] Stephane Bibian, Hua Jin, Digital Control with Improved Performance for Boost Power Factor
Correction Circuits, Applied Power Electronics Conference and Exposition 2001, Sixteenth
Annual IEEE: 137 -143.

[13] Ahmed H. Mitwalli, Steven B. Leeh, George C. Verghese, V. Joseph Thottuvelil, An Adaptive
Digita Controller for a Unity Power Factor Converter, |EEE Transaction on Power Electronics,
Vol.11, No.2, March 1996, pp. 374-382.

[14] Jinghai Zhou, Zhengyu lin, Yuancheng Ren, Zhaoming Qian, Yousheng Wang. A Novel DSP
Controled 2Kw PFC Converter with a Simple Sampling Algorithm, |EEE, 2000:434-437.

48



[15] David Van de Sype, Koen De Gusseme, Alex P. Van den Bossche, Jan A .A. Melkebeek, A
Sampling Algorithm for Digitally Controlled Boost PFC Converters, IEEE Trans. Power Electr,
2004.19 3 :649-657.

[16] , : [J. , 1998

4 :1-4

[17] J. Rajagopalan, J. G. Cho, B. H. Cho, and F. C. Lee, “High Performance Control of Single-phase
Power Factor Correction Circuits Using A Discrete Time Doman Control
Method ",V PEC,pp.647-653,1998.

[18] , , . Boost PFC [J.

,Vol. 21, No.1, pp.41-44, 2002.

[19] S. Wall and R. Jackson. Fast controller design for single-phase power-factor correction systems.
|EEE Trans. Ind. Electron, vol. 44, pp. 654-660, Oct. 1997.

[20] Z. Yang and P. C. Sen. A novel technique to achieve unity power factor an fast transient
response in AC to DC converters. |EEE Trans. Power Electron, Vol. 16, pp. 764775, Nov. 2001.

[21] - : , : : BOOST

,1998 4

[22] M. R. P. Kumar and J. M . S. Kim. Deadbeat control of hybrid multilevel switching converter.

|EEE Power Electron. Spec. Conf., pp.782-788, Jan.1996.

[23] , , , . TMS320L.S240x DSP C
.2003 1
[24] : : : ,2000 7, 7
[25] . MC34151/MC33151/mc34152/M C33152 MOSFET . ,
2001 01

[26] A. Prodic, J. Chen, R.W. Erickson and D. Maksimovic. Digitaly controlled low-harmonic
rectifier having fast dynamic responses. |EEE Applied Power Electronics Conference, 2002, vol.
1, pp. 476 —482.

[27] Average Current Mode Controlled Power Factor Correction Converter. TMS320LF2407A,
Application Report, SPRA902. Texas Instruments. April. 2003.

[28] M. Fu, Q. Chen. A DSP based Controller for Power Factor Correction (PFC) in a Rectifier
Circuit. IEEE Power Electronics Specialists Conference (PESC), 2000.

[29] B.J. Patella, A. Prodic, A. Zirger, D. Maksimovic. High-frequency Digital Controller IC for
dc/dc Converters. IEEE Applied Power Electronics (APEC), Dallas, March 2002, pp. 374-380.

[30] Wanfeng Zhang, Guang Feng, Yan-Fei Liu, Bin Wu. A New Power Factor Correction (PFC)
Control Method Suitable for Low Cost DSP. Intelec2002, Montreal, Canada, pp.407-414.

49



[31] : : : : ,1996 9
[32] Jingquan Chen, Aleksandar Prodic, Robert W.Erickson. Predictive Digita Current Progrmmed
Control. |EEE Transactions On Power Electronics, Vol. 18, No.1, Jan. 2003. (411-419)

[33] . DSP PFC . .2004 3

[34] . DSP . .2000 12

[35] . DSP . .2004 2

[36] . . , 2001.

[37] , . MATLAB/Simulink . , 2004
4

50



[1]

51



BA = P B R TE A R M S S I 5 [HRGEE ..

ffer: B
SERE T EHA

AICBERE: http://d. g wanfangdata. com. cn/Thesis D020060. aspx



http://d.g.wanfangdata.com.cn/Thesis_D020060.aspx
http://g.wanfangdata.com.cn/
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e7%bf%9f%e9%98%b3%22+DBID%3aWF_XW
http://s.g.wanfangdata.com.cn/Paper.aspx?q=School%3a%22%e9%87%8d%e5%ba%86%e5%a4%a7%e5%ad%a6%22+DBID%3aWF_XW
http://d.g.wanfangdata.com.cn/Thesis_D020060.aspx

	﻿封面
	﻿文摘
	﻿英文文摘
	﻿1绪论
	﻿	2三电平Boost PFC的原理与控制研究
	﻿3三电平Boost PFC数字控制研究
	﻿4三电平Boost PFC数字控制的设计与实现
	﻿5 仿真与实验研究
	﻿6 结论
	﻿致谢
	﻿参考文献
	﻿附录：在攻读硕士期间发表的论文

