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Problem Statement

e Obtan the
M athematical M odel
of aBuck Converter

 Find acontroller that

covers the whole
range of operation of a
Buck Converter
Including Continuous
and Discontinuous
Mode




Buck Theory

 Step down the voltage

e Control the Output
Voltage while the

_oad Resistance or the

nput Voltage Changes

 Provide Isolation from
theLine
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Buck Theory

Continuous Discontinuous
Conduction Mode Conduction Mode

 Inductor Current Stays  Inductor Current reaches
above zero value for all zero value for awhile
time during a one period.
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Buck Transfer Function

Continuous Conduction M ode
Simulation Setup

e TF derived from

changingtheOn Time
of the Switch resulting —
in changing theoutput .. o _ o

voltage (CCM)

* Load Resistance
changes from 10, to
1.50, t0 20, and 30 in
CCM



Buck Transfer Function

Discontinuous Conduction Mode
Simulation Setup

« TFderived from Changing
the Load Resistance while — .
keeping the On Time of LT E
the PWM Generator 0. n
Constant (DCM)
:

« Load changesfrom 50,
70, 100, and 120 in
DCM



Buck Transfer Function

e Second Order e First Order Response
Response for CCM for DCM
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Buck Transfer Function

e Second Order CCM

Vouanss= Output Voltage before adding
the change in Duty Ratio

Vourvs= Output Voltage Steady State
value after adding the change in the
Duty Ratio

V peaky= Peak Value of the Overshoot
Voltage

Tev Firg Timg= TiMe to the first reach of the
Steady State Voltage

T peaxy= Time to the Peak Voltage

Calculate:
. DC Gain:

Vi = Vo
Ko tleJ.l ()

e Ratio of Peak Vaue to Fina Vaue:
Vi)
Viows
»  Damping Ratio from Table:
z=0.55

. Normalized Time to Peak Value: t'from
Table

«  Calculated Natural Frequency:
t

W, =
T(PEAK)

e  Transfer Function:

2
KDCgVn
s?+2zw,s+w,’
w, =2 xf,

G(s) =

Kpcd2p)* xf,’

G(s) =
) §*+25¢ 2p xf ) s+(2p)° xf ?




Buck Transfer Function

e First Order DCM

Vyin- Voltage Value before H (s) =
Load Change Occurs

Vl(out)—VoI tage Value after _
load change occurredand = * K - DC Gain

reached steady state * t-63.2% of thefinal
T 309 TIMe it takes for the value

system to reach 63% of its
final value

K
ts+1




Buck Transfer Function

e Continuous Conduction Mode e Discontinuous Conduction

(CCM) Mode (DCM)
Kae W,
G ( S) — DC*"""c
2 2
O T e T T
*Variable Data est est est est
g +2>Q®€Z)) %@ S+( 2))2 %@2 Resistance (V) 5 7 10 12
DC Gain K 17.9 18.45 18.4 18.9
T"E‘S?O?‘” di)a“t 0.002705 0.003496 0.004841 0.00485

Bote Diagram




Investigate Control Methods

* Proportional Integral Derivative (PID)

e Loop Shaping Design (LSD)

 Active Disturbance Regection Controller
(ADRC)



Investigate Control Methods

» Classical PID

G.(9 =k etk gpt+k >§te



Investigate Control Methods

* Loop Shaping Design Method (L SD)

G, (s) = Cx Low Pass Filter
e, 1 . 1 Transfer Function




Investigate Control Methods

» Active Disturbance Regection Controller

- f(t y(t), ¥t), W(t)) +b(t) >u(t)

Z, + U,
b,

U, :kp.e+kd.e' »Ko.(r - 2)- Ky.2,

_ 2
k, = w,

u —

Ky = 2w,



Investigate Control Methods

e ADRC State Estimator

I z= Az + Bug 2,2V, 2,2y, and 23|
i y=Cz p

é 3 * w, 1 0 ¢
= 8- 3% w,? 0 1 g

€-3*w,> o0 o0F

60 3% w, 0
:2b03*wozg

g 0 wo®

¢1 0 0u
:go 1 og

g0 0 1§



Investigate Control Methods

 Evaluate each Control Method based on a
Cost Function of the Form:

J=raqk se) +maqk u) +(. 8 d+k. Y d



Investigate Control Methods

 PID Implementation
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Investigate Control Methods

e LSD and ADRC more complex
— ADRC Reguire State Estimator

— LSD easier to implement writing an .m filein
Matlab



Simulation Results
PID Response

« (Good response for light
loads

* Rough response for heavy
loads

e Cost Function
Jiiq=3.976
E .=1.004
U..=1.003
E =1.053
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Simulation Results
LSD Response

LpShpgD ng
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 Good Load
Disturbance

e Better than PID

e Cost Function
Jioiy=3-416
E. .=0.2239
U, .=1.123
E =0.1273

int
U. .=1.942

Int



Simulation Results
ADRC Response

System Response with ADRC Control

e Good Transient
response

e Good Disturbance
Regection il
e Cost Function g o
Jioi4=10.58
E..=0.8631
U..,=1653
E =0.5311 i

— D | | | | | | | | |
U|nt_7'533 0 0001 0002 D003 0004 0005 D006 0007 0008 0009 O.01
Time (sec)

12| e




Conclusion

« ADRC isthe preferred Control Method
Deals Best with Nonlinearities

e LSD has good load disturbance but can not
make up for Nonlinearities

* PID lags behind ADRC and LSD
Not suitable for a Buck Converter.



Buck Application:
|nduction Motor Control
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Questions?
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