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System of Equations: State-s



State equations of a linear system, in matrix form

_

A canonical matrix form:

State vector x(¢) contains
inductor currents, capacitor
voltages, etc.:

Input vector u(z) contains independent Sources such as v, (¢

L

’

?‘ vector y(?) contains other dependent quantities to be computed, such

Matrix K contains values of capacitance, inductance, and mutual
inductance, so that K dx/dr is a vector containing capacitor currents and
inductor winding voltages. These quantities are expressed as linear
combinations of the independent inputs and state variables. The matrices A,
B, C, and E contain the constants of proportionality.
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To write the state equations of this circuit, we must express the ind r!
voltages and capacitor currents as linear combinations of the elements of - —
the x(¢) and u(7) vectors. N

]

Fundamentals of Power Electronics 69 Chapter 7: AC equivalent|circuit modeling



Circuit equations
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Find i, via node equation:

—

Find i, via node equation:

—

/Find v; via loop equation:

—

Fundamentals of Power Electronics

dvi() _ o 0ilD)

i) = €, TP =i, (1) - 22— i)
: dvy(t) . vy(2)
ZCZ(t) = CZ dt = l(t) - R2 + R3
vy =L LD <y )~ vi)

70

Chapter 7: AC equivalent circuit modeling



Equations in matrix form

dv,(t) _

The same equations: la(t) = C, —p = =1,(1) - ‘(I) — (1)

i) = €, 24D i) Vf}%

vL(r>=Ld;(t) (1) = w0

Express in matrix form:
[

dv() <( 0 -1 )
éoo) | by G Y o] 1,
0C,0 Zzt = 0 -- IR | n® | + 0] [i.0]
2 .
0 0 L dl(t) | 1 ’ 0 l(t) \,—/\’—/
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A

Chapter 7: AC equivalent circuit modeling

Fundamentals of Power Electronics

71



Output (dependent signal) equations

R
i(1) L
(1) 0 *
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Express elements of the

of x and u:
Vo) Ry
R, + R,

N\

aector y as linear combinations of elements

I (1)
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Express in matrix form

The same equations: v (1) = v,(1) ks
R, + R,
: V(1)
i (1) = ;Ql

Express in matrix for

vt) £+ [8 [i.,(0)]
_—
+ E u(®
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7.3.2 The basic state-space averaged model

Given: a PWM converter, operating in continuous conduction mode,
with two subintervals during each switching period.

During subinterval 1, ywhen the switches are in position 1, the
converter S to a linear circuit that can be described by the

following state eqjations: ~
K%:ix(t)+‘]iu(t) @( = ;
-~ Y Y

y(@®) =C,;x(2) + E; u@)
During subinterval 2,’"when the switches are in positior) 2, the
converter redu to another linear circuit, that can pe describéd by
the Tollowing state equations: Linwan ze

K%:sz(tnlszu(z) £
y() =C,x(®) + E,u(®) 4C
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7.3.4 Example: State-space averaging of a

nonideal buck-boost converter -
Vo :

o ~CD— o
DI
i<

i (1) Q, Model nonidealities:
dvl , + - MOSFET on-
i(1) .
_|_ = resistance R,
e v /C-== ks ,v.(f_)e. - Diode forward voltage
? drop V,
state vector input vector output vector
V4 &
_ i | ve(® ny
@— o e un=| ", yo =|in| €

Fundamentals of Power Electronics 89 Chapter 7: AC equivalent circuit modeling












DC state equations
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DC solution:
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Steady-state equivalent circuit

DC state equations: /(g |~PR. D' ||, D _D
«PMZ p L v[To o }
R
- [Ig]z [DO] TI/ i [OO]
=

Corresponding equivalent circuit:
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Small-signal ac equivalent circuit
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