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For the buck-boost converter of Fig. 1, determine the control-to-output, —{s), transfer
function, using the technique of state-space averaging. Hence'determine the' DC gain and

- the Jocation of the poles and zeroes in terms of V,, D and the circuit parameters, L, C and

- R, only. (In the case of a complex pole pair, you need only determine the resonant fre- -
- quency and Q). ' -
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PROBLEM 2. :

Al WL

The output impedance of a system may be determined by driving the output with a pérmr—
bation current source, as shown in Fig. 1, and noting the voltage variations and then form-
~ ing the quotient : o .

A | | Zoa= 2
; Using this information and the small-signal mathematical model of state-space averaging,
] determine the output impedance, Z,,,, of the converter shown in Fig. 3- : -
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Power Electronics

Review of Bode Diagrams

1.

Express the gains in factored pole-zero form.

al | 'Ai

o

b)

A

c)

The accompanying graphs show experimental magnitude and phase data for a
certain gain function A(S) and impedance Z{S). Draw appropriate
straight-line asymptotes through the data points and hence deduce numerical
values for the mid-freguency gain A, and low-frequency impedance R,,

[ I
as well as for the poles, zeroes, and Q-factors in the corresponding

analytic expressions for A(S) and Z(S).
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Review of Bode Diagrams ' - . )
1. Express the gains in factored pole-zero form. ek

é? S ] }\1. _ A, !

F‘m g ('*""\Q*J
<i+ w) | | ) . T %

2. The accompanying gfaphs show experimental waguitude and phase data for a

certain gain function A(S) and impédance Z2(S). Draw appropriate
stra1ght—11ne asymptotes through the data points ‘and hence deduce mumerical
values for the mld—frequcncy gaxn An and low-frequency nmpedance Rg,

as well as for the peles, zeroes, and Q-facrters in the correspond1ng

analytic expressions for A(S) and Z(S).
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PROBLEM

7 The attached graph shows expermental data for a certain gain
funct1 on A. Draw appropriate stra1ght Tine asymptotes through the data

" points and hence deduce numerical values for the Tow-frequency gam and .
for the po]es and zeros in the correspondmg ana]yhc expressmn for A
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FEEDBACGT DESTLA
T — Power Electronics

Design of a buck regujator with specified closed-loop output impedance:

' : Re
; .
o T AW ,
/ . ‘

Vg L . LOmH ‘f...n(.: im}, 24

PWM | [y
Co G (s)
‘ D= Yo o 1 ( 0.1

Veef =5V

it is desired to desigﬁ.a compensation netwofk G;(s)'such that the closed~
loop output impedance of the above regulator system is less than 0.2 Ohms -
over -the entire frequency range 0-20kHz.  -Also, to ensure that the transient
'}esponse is wef!-behéved the Q of the closed-loop system must. be . less than
1= 0dB. “The load current 'LOAD can vary from 5 Amperes to 50 Amperes, and the
above specifications must be met for every value of *LOAD in th|s allowed
range. " For S|mpl|ccty, you may asgume that Vg dqes not vary. .
‘ Since the state-space averaging method is valid only for frequencies
sufficiently less than the switching frequency, you should choose the loop
gain crossover frequency f to be no greater than f /4 = 12, SkHz, to be sure
that your model is valid.
1. Draw the open-loop ouUTDUT lmpedance Zout(s).' Over wnat range of
" frequencies is the: output impedance specification not met? Hence,
deduce how large the minimum loop gain T(s) must be such that the
closed- loop output impedance meets the specifications, and choose a
suatab?e crossover frequency

- PTo

it ——————f——

" ﬁ4o§1Ef




2. Design a compensation network Gc(s)_ such that all specifications are

met. You must give: :
1) Your choice for the transfer function Gc(s)

- ~2) The worst-case closed-loop Q.
T3y Bode plots of the loop galn T{s) and closed-loop Z_ . (_s)

for load currents of GA and SOA. What effect does variation -

of RLOAD have on the cIosed Toop behav:or‘?.
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EXAMPLE EB446/EE546 FINAL QuUAST15m5

@0“”" PROBLEM 1. .
For the converter of Fig. 1, (assuming continuous conduction operation),
: (15 w(zs)a) Determine an cxprcssmn forZ,,, the lmcanzed average unpcdancc seen by the source V

' ( 5...—h)b) Sketch the magnitude straight-line asymptote of Z;_, notmg the salient features such as the
' values of the break frequencxcs level of constant impedance values and peaking levels.

‘IDTs

___O/KW

| | \fjf—-— f: \TDTS {—= §K |
| : | ‘ : Fia. 1




(o »Ack$ PROBLEM 3.

sy

(s) b

The transfer function, A(s), of a converter was determined to be
' 1-s/m,

A(s)=A4A,
(1 +s/0)p)(1 +s/w,)

A =153

o, =2r(2.29)kHz

®, = 2n(16.4)Hz

W, = 2n(7.69)kH:z

A compensation network with transfer function, G_(s), where
G, (5)=G,(1+w)/s)
G, =30
O, = 2r(9.5)Hz

completes a feedback loop as shown in Fig, 2. Using a graphical technigue or otherwise,
determine the factored pole-zero expression for the feedback factor, 1 + T, where T is the
loop gain. On a sketch of [1+T] label the numerical values of any poles and zeroes and con-
stant gain regions.

'The open loop output impedance, Z,, of the converter is given as

1
Z =R —m
e 1+s!03p
R, =4.88Q

@, =2n(16.)Hz

Using a graphical technique or otherwise, determine the factored pole-zero expression for
the closed loop output impedance, Z » for the loop gain given in part (a). On a sketch of
IZof | label the numerical values of any poles and zeroes and constant gain regions.

G (3)

Fic. 2




! o

(1. PROBLEM 4 : o
¢ The control-to-output transfer function of a certain converter is given by the following

L .
D"2R

2 L LC
D 1+Sﬁ+szw

V 1"S

Y-
d

For the values, D =0.5,R =10, V, =30, L =160pH and C = 160pF.

a) Draw a Bode plot (magnitude and phase) using asymptotic straight line segment approxi-
- mations. Label all salient features, such as, frequency breakpoints, constant gainfphase -
regions, etc. :

b) Using your Bode plot, or otherwise, determine the unity gain frequency and. the phase shift
at this frequency. _ : '

:I:::_:.-“‘
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This m-file plots the magnitude and phase response of the transfer
function given in Question <&

The unity gain frequency and the phase at this frequency are also
determined.

a0 d0 oo ad

vg=30;r=10;d=0.5; 1=160e—6;c=160e—6;
dp=1-d;

m=vg/ (dp*dp) ;
al=1;al=-1/{dp*dp*r) ;a2=0;
b0=1;bl=1/(dp*dp*r) ;b2=(1*c) / (dp*dp) ;

num=r* {a2 al al]:;
den=[p2 bl b0];

w=logspace (2, 6,1000) ;
[mag, phase]=bode (num, den, w) ;

[Gm, Pm, Weg, Wepl =margin (mag, phase, w)

magdb=20*%10gl0 {mag) ;

semilogx (w, magdb)

pause

semilogx (w,phase)

pause

f_unity=wep/ (2*pi) % the uwnity gain frequency

phase u=-180+Pm % the phase at the unity gain frequency




