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•How to analyze the circuit?
•There is no closed-form solution
•Even if there is a closed-form solution, would it be helpful?
•Numerical methods cannot be avoided
•How to make the numerical results general enough?
•Soldering iron thinking – > SPICE thinking
•What is the minimum number of parameters that affect the 
rectifier operation?
•How to introduce proper normalization?

Too many questions . . . 
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An Extrapolation Method For Accelerated Convergence to 
Steady State Solution of Power Electronics Circuits

xk+1= f (xk )

ξ=f (ξ )

f ( x )=Ax+B

Generalized Aitken’s Method 

Problem Statement 

ξ=f (ξ )=Aξ+B

xk+1=f (xk )=Axk+B

xk+1−ξ=A (xk−ξ )

ξ= ( I n−A )
−1

( x i+1−Ax i )



  

e i=x i− x i−1

x i+1− xi=A ( x i−x i−1)

e2=Ae1
e3=Ae2
⋯

en+1=Aen
[
e2

e3

⋮

en+1
]=[

A 0n×n ⋯ 0n×n

0n×n A ⋯ 0n×n

⋮ ⋮ ⋱ ⋮

0n×n 0n×n ⋯ A ] [
e1

e2

⋮

en
]

[
e2

e3

⋮

en+1
]=[

E1

E2

⋮

En
] [
A1

T

A2
T

⋮

An
T ] Ei=[

ei
T 01×n ⋯ 01×n

01×n ei
T ⋯ 01×n

⋮ ⋮ ⋱ ⋮

01×n 01×n ⋯ e i
T ]

determine A, determine ξ, start again



  

[
E1

E2
]=[

e1,1 e1,2 0 0
0 0 e1,1 e1,2

e2,1 e2,2 0 0

0 0 e2,1 e2,2
]

x0,2=x1,2=x2,2

e1,2=e2,2=0

Problem with dynamic degeneration, common to the DCM

Convergence?
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Simulation Results 

example fixed
point

iteration

Aitken's
method

modified
Aitken's
method

PWM, CCM 736 4 4

PWM, DCM 109 55 10

CMC, DCM 137 89 13

CMC, CCM diverges 19 19
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analytical preparation, pre-analysis
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d
dt [

iY
vCS

iLP
vCP

]=[
−

RS

LS

−
1
LS

0 −
1
LS

1
C S

0 0 0

0 0 0
1
LP

1
CP

0 −
1
C P

−
GP

C P

] [
iY
vCS

iLP
vCP

]+[
v AV

LS

0
0

−
1

nC P

IOUT sgn (vCP ) ]
d
dt [

iY
vCS

iLP
]=[

−
RS

LS

−
1
LS

0

1
CS

0 0

0 0 0
] [

iY
vCS

iLP
]+[

v AV

LS

0
0

]
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d
dϕ [

jY
mCS

jLP
mCP

]=[
−

3 r S

QS

−
3 r S

αρS

0 −
3 r S

αρS

3 r SαρS 0 0 0

0 0 0
3 rP

αρP

3 rPαρP 0 −3 rP αρP −
3 rP

QP

] [
jY

mCS

jLP
mCP

]+[
3 r S

αρS

mAV

0
0

−3 rPαρP

sgn (mCP )

n
]

d
dϕ [

jY
mCS

jLP
mCP

]=[
0 −

π √3
α

0 −
π √3
α

3√3
π

α 0 0 0

0 0 0
π2 √3
α

3√3

π 2
α 0 −

3 √3

π2
α 0

] [
jY

mCS

jLP
mCP

]+[
π √3
α

mAV

0
0

−
9√3
8 π

α sgn (mCP ) ]



  



  



  

and another problem (a fresh one, PESC 2008):
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analyzed as a resistive circuit!
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an application in education:

13 states, state transition rules, 2nd order circuit, . . .
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Conclusions

•How to make simulation results general enough?
•Normalization
•Analytical preparation
•Numerical simulation
•Diagrams
•Steady state acceleration algorithm
•Problems with dynamic (algebraic) degeneration
•Analysis of dynamic circuits as resistive circuits
•Application of simulation in education
•Analytical solutions versus numerical solutions?


