7.4.4. Example: State-space a‘veraging of a
| nonideal buck-boost converter

w9 ID<] Model nonidealities:
:]_I_“L‘“L ift) ¥ » MOSFET on-
vt C—) L c== RS wy resistance Rén
* Diode forward voltage
- drop V,

state vector input vector output vector

x0=| ¥ =" yo=[i0]

v(Z) Vi ¢
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y(®) C, x(2) E, u(t)
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s_._\/....-d\___‘\"___, R N S —
————
dax(r) _
K pr A, | x(1) B, a(r)
[i (r)] _ [0 0] i(f) . [0 0] v, (%)
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¥(®) C, x(z) E, u(z)
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Evaluate averaged matrices

| - "R, 0 |0 1 _DR, D
A=DA +DA,=D +D -
0 _1 1 _ 1 -D _1
- R R I3

In a similar manner,

B=DBI+D'B2=[ *OD —69'}
C=DC,+D'C,=[D 0]

E=DE, +DE,=00]

Fundamentals of Power Electronics _ 89 ' Chapter 7: AC eqLﬁvaient circuit modeling



Fundamentals of Power Electronics

: 0 ~DR,, D I +| D -D _ng
0=AX+BU o7 . _1 14 0 0O Vo
or, D 7 |72
Y=CX+EU :
_ 1 Vs
L= ool |y[+ foo] |y
. D 1],
DC solution: [ 7 ] { DRDRI|V,
V D ‘Ron — Q 1 VD
1+ B;*“i R D J L
(1] 1 p> p ||V
; D R, || Pp*R DR |1V,
1 +=
D* R
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Small-signal ac model

Evaluate matrices in small-signal mode:

v V,—IR,+V, _'V——V—IRM+VD
(AI—AZ)X+(B1~B2)U_[ ; ]+ o =| ¢ ;
(Ci-Cy) X+ (E,—E,) U=]/]
Small-signal ac state equafions:
_ [LO}Q,{(I) _—DRO,, D i(f) [ } v(t) V.- V-IR +V, i
0 C|di| %) -D _% V(f) y(t) !
2 1) [ ] f?;,(f) OJA
L(O|=1D 0 + | (d(t
0] [ {m«)] 00| 21| * 1%
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Construction of ac equivalent circuit

Small-signal ac d‘(t) =D' 50 - DR, 1) + D 3,00+ (V, ~ V = IR, 4 V) A0
equations, in

scalar form: dV(l‘) LG
C T = Dz(t) y + I d(1r)
i(O)=D i) +1d@)
Corresponding equivalent circuits: input i (r)

) : eqn
inductor equation |
. pr, {Vg VeV, m,,,,] P,(8) rdm D i
+ FELON ¢

Dage) E_“] § :| D' capacrtor

\ﬂi/ eqn — dv(tj_ N v(t)
D) 1d0) (P = i 2R

T

Fundamentals of Power Electronics 93 Chapter 7: AC equivalent circuit modelfng




Complete small-signal ac equivalent circuit

Combine individual circuits to obtain

\ diny [V, -V+V,—IR,,
£40) p r ¢ )

7,00 1d() C)

5 SR

rdm ¢ _l_
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