9.5.4. Design example
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Quiescent operating point

Input voltage V,=28V

Output V=15V, ,=5A,R= 3Q
Quiescent duty cycle D =15/28 =0.536
Reference voltage V=5V

Quiescent value of control voltage V_.=DV, =2.14V
Gain H(s) H=V,/V=5/15=1/3
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Small-signal model

Voa
?\ 1:D L
= N .
20 () va C = W) SR F10ad (5)
Error d(s)
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Open-loop control-to-output transfer function G, (s)

1G

|4 1
Gv (S) =7
‘ DL e

R

standard form:

_ 1

G,.(s) =Gy |+ 8 +(L)2

Q,w, Wy

salient features:

G, = % =28V
Wy

|

= = = 1kH
b= = e “
QO=R~/% -9.5=19.5dB
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Open-loop line-to-output transfer function
and output impedance

G,(s)=D i

1 +s% + s2L.C

—same poles as control-to-output transfer function
standard form:

_ 1
Gvg(s) - GgO 1 + s + (i)z
Qo Wo

Output impedance:

Zout(S) =RIl L Il sl = sL

sC 1+s%+52LC
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System block diagram

——

T(s) = G (s) (vﬁ) G.(s) H(s)

2 Load current
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Uncompensated loop gain (with G, =1)

40dB T

I, |

u

20dB 1

0dB

-20dB T

With G_ = 1, the

loop gain is 40 dB

_ 1
Tu(S)_Tu01+ S +(i)2
0,y Wy

=233 =7.4dB

HV
DV,

TuO =
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Lead compensator design

« Obtain a crossover frequency of 5 kHz, with phase margin of 52°

- T, has phase of approximately — 180° at 5 kHz, hence lead (PD)
compensator is needed to increase phase margin.

« Lead compensator should have phase of + 52° at 5 kHz
T, has magnitude of — 20.6 dB at 5 kHz
+ Lead compensator gain should have magnitude of + 20.6 dB at 5 kHz

« Lead compensator pole and zero frequencies should be

£ = (5kHz) \/ : +Sm g%; = 1.7kHz

1 + sin (52°)
= (5kHz) \/ sin (52°9) ~ = 14 .5kHz

2
- Compensator dc gain should be Guo = (%) Tlo % =3.7=11.3dB
0 u p
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9.5.1. Lead (PD) compensator

Improves phase
margin
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Lead compensator: maximum phase lead

Maximum 20 T
phase lead ot ﬁpmax: f ];
75° 1
60° -
_ Lo )L
51 LG (fp) = tan| VN
30°
15 - E: I + sin (6)
I £ 1-sin (8)
1 10 100 1000
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Lead compensator design

To optimally obtain a compensator phase lead of 6 at frequency f, the
pole and zero frequencies should be chosen as follows:

Fef 1 —sin (6) o 7
©e 1+ sin (8) 1G, | G, N L - : J
1 +sin (0 T " s
f;) =fc 1 ( ) f = jz'fp
I —sin (6) 5
f00 1 10f,
If it is desired that the magnitude 1 +457/decade = '
of the compensator gain at £, be oo [/ — 45°/decade
unity, then G_, should be chosen /G e
as , :
/. f
Go=1/ %
c0 _f;)
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Lead compensator Bode plot
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Loop gain, with lead compensator
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1/(1+T), with lead compensator

40 dB B
4 * need more
B 0,=95=195dB
soas L T I, =86=18.7dB J\ y 0 low-frequency
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0dB 1 - hence, add
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Improved compensator (PID)

40 dB 1
I G|l
20dB }
0dB

-20dB T
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T(s) and 1/(1+T(s)), with PID compensator
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Open-loop line-to-output transfer function
and output impedance

G,(s)=D i

1 +s% + s2L.C

—same poles as control-to-output transfer function
standard form:

_ 1
Gvg(s) - GgO 1 + s + (i)z
Qo Wo

Output impedance:

Zout(S) =RIl L Il sl = sL

sC 1+s%+52LC
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