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Intermittency in Switching Power Converters:
Simulation and Experiment
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Abstract:  This paper studies the phenomena of intermittent subharmonics and chaos in DG DC converters according to the corr
sideration of coupling filter, consequently concludes that the origin of intemittency comes from conducted or radiated FMI. By corr
structing a circuit model of switching converter coupled with spurious signal, simulation can gain the same results as those from experr
ment. Furthemore the paper discusses the different effect on intermittency induced by different sets of parameters, thus provides the
design consideration of reliability. The same research method can also be used to study the intemitency in other types of nonlinear cir
cuits and systems.

Key words:  switching power converters; spurious signal coupling; bifurcation; chaos; subharmonics; interm itency

20 80
, . [1,2]. ,

31

l . ’

11 breath ing),

12003 02 27; : 2003 09-28
863 (No. 2002AA1Z1550): (No.. 2003kj001 zd)



— 265

5.6
, . I(a)
@ mawy
FropEaE -
FHRE
Voo,
N
Vs
1 (a) i(b)
Buck N
1}3
[ - 'A‘“"ﬁ-._

o~ ~

~ o ,"-- )
) (
N

052 . ‘_//
~ < -
\\//~ (a)
o482 L. i i
11,04 11,08 1202 1206 121
Ve/ NV
2 1 (a) () (2=

Buck

. 1(b) , .
s a
5 Vs Vry” B
a= 0/ Vs (1)
D Vig
3
Vs 5 fsa
Vg~ Vig(1+ asin20y) (2)
for SsZfo
Tinl
Tiw= 1/1fs= fol (3)
, 1(b)
Buck s s

s

:L=20mH, C= 47UF, R= 229, f,= 2500Hz, E= 24V, V,,

= 113V, A= 84 V,= 38V, Vy= 82V, Matlab
Simu link s
, (1 ), 2

; , fs 2501Hz
, 3 ,
, (3), Is.
(b)

40mvV/ ;y- OmA/ )



266

2004

4=

LAl

L

FREUD

MM A

3 Buck (a) a= 0.0003; (b) a= 0. 0034
, 4 ,
4 5
(1) ,
s s 4 a).
s Poin ca¥ s (2) s
s . 2
t=nl'( T ,  TI= , 4 b c); ,
1/fs) R s 4 2 s 4(d).
, , (3) ,
, 4(e).
, (2) (4) V1fs= fol,
= VygsindTf o (4)

0 6083, 06088 08 —— 048 ~ 08 v

06087/ 4 oemr}

6088 ] <°m. <07- <0,7 4 <°7
gum\/\/\ Eam{ﬂM\ E06>——D—1 Eua}—’?———*/: Eu?——%/‘
~' 0 8064 1 Foeoaf | \ 1= = o AN = NNy \]

e ] om-‘-j J ost 4 o5 p 05| - 9

05 1 15 0s 1 15 04 08 1 15 o4 05 1 15 o 05 1 |‘5
B /s B 1A /s Ml /s ) /s B8] /8
(@) @=0.0001 (b) @=0.00022 (c) @=0.0003 (d) @=0.0031 (e) @=0.0034
4 a ( )
b 2 (4) 2
5 , 5

© 1994-2010 China Academic Journal Electronic Publishing House.

s

All rights reserved.

http://www.cnki.net



2 - 267
5(a) 0 001 a
, 2 , . ( 2)
vo(90mV/ div), i, a A
(100mA/div);  5(b) 0. 004 , , ,
2 4 ,
v, (150mV/ div), i1( 100mA/ ., Buck A E
div):  5(c¢) 0. 0042 . ,
, a ( )
0o 250mV/ div) , i1,(200mA/ div). , A E
E= 24V
0.0033
0.0027
0.0021
0.0016
0.0011
0.0007
0. 0002
E= 24V
5 a ( ; 6 00076 | 0 0076 | 0 0075 | 0. 0074 | 0.0072 | 0.0070
) (a)a=0.001 i(b)a= 6.4 | 00068 | 00068 | 00067 | 0. 0066 | 0.0065 | 0.0063
0 004 s(c)a= 0. 0042
68 | 00062 | 00062 | 00061 | 0.006 |0.0058 | 0.0056
6 7.2 | 00056 | 00056 | 00055 | 0.0053 | 0.005 | 0.0049
) 7.6 | 00050 | 00050 | 00049 | 0.0048 | 0.0046 | 0.0043
8 00045 | 0 0045 | 0 0044 | 0.0043 | 0.0041 | 0.0038
, 84 | 00041 | 00041 | 00040 | 0. 0039 | 0.003 | 0.0034
a
A E
s 1 2 s

© 1994-2010 Chfha Academic Journal Electronic ﬁ’ublishing House. All rights reserved.

http://www.cnki.net



268 2004
s s ence| C]. New Orleans, 1997. 1584— 1591.
Buck , [ 6] Williams T. EMC for Product Designers| M] . Oxford, England: Butter
worthrHeinemann Ltd. , 1994.
Boost - 1973 1 ’
- 1997
- . , 2001
8 10 ,
[ 1] Tse CK, Bemardo M di. Complex behavior in sw it ching power convert
ers| J] . Proceedings of IEEE, 2002, 90( 5) : 768— 781.
[ 2] Banegee S, Verghese G. Nonlinear Phenomena in Power Eledronics:
Attractors, Bifurcatons, Chaos, and Nonlinear Control[M]. New Y ork:
IEEE Press, 2001. 1953 ,1985
[ 3] Ott E. Chaos in Dynamical Systems[ M]. Cambridge, England: Can- 1993
bridge University Press, 1993. . 1996 IC CAD
[ 4] QuZ,HuG, Yang G, Qin G. Phase effect taning nonaut onomous chaos = ,
by weak hamonic perturbations[ J]. Phys. Rev. Lett. 1995, 74( 10) : , VISI
1736- 1739. MOS
[ 5] FerreiraJ A, Wilcock P R,Holm S R. Sources, paths and traps of corr

ducted EMI in switchmode circuits[ A] . Proc. IEEE Ind. Appl. Confer




