MM?2 Essentials for Feedback Control

Readings:
« Section 2.1 (models of mechanical systems, p.20-33);

- Section 3.1 (Laplace transform, p.86-110)
- Section 3.2 (Block diagram, p.111-118)
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MM1: Basic Concept (1): System and its VVariables

A system is a collection of components which are coordinated
together to perform a function

Systems interact with their environment. The interaction is
defined in terms of variables

System inputs
System outputs
Environmental disturbances

Dynamic system Is a system
ehose performance could
change according to time N\

Disturbance Inputs

/7

System Outputs

Information systems

Control Inputs
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MM1: Basic Concept (11): Control

Control is a process of causing a system (output) variable to
conform to some desired status/value

Manual Control is a process where the control is handled by
human being(s)

Automatic Control is a control process which involves
machines only

Desired room
temperature setting

Q \‘.
(R
5 FEET ~ \ 3
) 22
lmu . Actual room 1" (B
temperature “

] Furnace Hot-air
cou Hor vents
kg o~ Thermostat
SUPPLY SUPPLY

Home heating control system.

Flow diagram for shower example.
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MM1: Control Classification

m  Open-loop Control: A control process which does not utilize the
feedback mechanism, i.e., the output(s) has no effect upon the
control input(s)

m Closed-loop Control: A control process which utilizes the
feedback mechanism, i.e., the output(s) does have effect upon the
control input(s)

Reference
/Set-point

9/8/2011 Classical Control



I\/IMl Feedback Control — Block Dlagrams

l disturbance

Reference
' + Forward
InpUt > > > >
—() compensator]| _(2ctuator Plant
Feedback |
compensator SENSOT <
lW
+
r;,@ > D(S) > A(S) > P(S) >
F(s) S(s) |-
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MM1: System Model: Transfer Function

m Num-den form sys=tf(num,den)

6 (s)~ Y8) _ bisTabys" et b ..
U(s) ass"+a,s" "+ +b .,

K

e.g., G(s)= .
S?+ 2w s+ w°

m Zero-pole form sys=zpk(Z,P,K)
m (S_ Zi)
S(S) = K =L e.g., G(s)= K

(S) | (S— pi) (S_ pl)(s_ pz)

Tis1

G(s) =

m Overview of system features
[tiview(sys)
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MM1: Modeling: DC-motor

Bearings

\ - Stator magnet

8 Rotor windings

Stator magnet

Commutator
. COI I l p I ete I I lOd e I L] Torque Friction external load
Tf Te
Torque Friction
T Angular Speed Position
m Acceleration 1 1
s = 5
U.-V, 1 I,
—’. —_— _’ Motor constant Ineria Integrator Integratort
L,-s+R,
'» Block diagram of the electrical part of the DC-motor. Torque constant
Ke |
Torque Friction external load
Tt Te
Torque Friction
Angular .
U X Speed Position
a Ua- Ve 1 la Tm Acceleration 1 ; 1
— - - -3
La.s+Ra * ¥
Motor Transfer Function Motor constant Inertia Integrator Integrator1

Torque constant

Ke
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The Goals of this lecture (MM2) ...

m Essentials in using (ordinary) differential equation model
Why use ODE model

Linear vs. nonlinear ODE models
How to solve an ODE

Numerical methods (Matlab)
m Refresh of Laplace transform
Key features
Transformation from ODE to TF model
Block diagram transformation

Composition /decomposition
Signal-flow graph

9/8/2011 Classical Control



. e = :
05 PR ke -S> T R i
el T e e PR U S N S s
. » 1 Ty ol
5 .‘/‘? A .u(-f‘, R - — e P =
s T A

LN e e

The Goals of this lecture...

m Essentials in using (ordinary) differential equation model
Why use ODE model
Linear vs. nonlinear ODE models
How to solve an ODE
Numerical methods (Matlab)

m Laplace transform
Key features
Transformation from ODE to TF model

m Block diagram transformation
Composition /decomposition
Signal-flow graph
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Essentials in ODE - What’s an ODE Model (1)?

m  An ODE model is a set of ODEs that describe the dynamic
behavior of the considered system (in terms of system input
and output variables — 10 Model)

L, di, | R.i.=v, —K,0.
dt

J On+hd =K, -T, -T,
m Variables: input, output, internal

ATLATR P SLSEVINE . ¥
R

J On+ (b+

m a €
a a
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Input Output

Essentials in ODE - What’s an ODE Model (11)?

m A general ODE model:

m
andzgé?gt) +---+ay dZZZ(tt) + ag y(t) :me;t—T:LL-F °'°+bl(ji—?;+b()u
m  Assumption: n>m
m Single-input single-output (SISO) model
m SIMO, MISO, MIMO models
m Linear system
m Time-invance
m Linear Time-Invarnace (LTI) model

9/8/2011 Classical Control 11
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Essentials in ODE — Why USG ODE I\/Iodel’>

m  The ODE model can be naturally obtained through modeling
procedure by following some physical principles

Get your feeling of that through Modeling lectures...

m  The ODE model is an efficient but impelicit description of the
dynamic system’s behavior

Disturbance Inputs y(t) :f(d (t) ) u (t) J y
System Outputs y(t)

d(t) 4

Slo, = £(6,(0),6,(0),v,,T,.T,)

Information systems

u(t) \\ Control Inputs @Q

9/8/2011 Classical Control
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Essentlals in ODE How to mterperate ODE I\/Iodel’?

m  The ODE model is an impelicit description of the dynamic
system’s behavior

Jmém+(b+&)9' =
R R

S

= f(0.(0),60, (0)v,,T

(t) f(d(t), u(t), y(0))

u t formation svslenjs \{e
\\ Control Inputs ’ @Q
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Essentials in ODE — Unlqueness Of ODE Solutlon

N (b+%)9’m 5 v, -T, - T,
Solution of ODE

Is an explicit mode

= f(0.(0),6_(0),v,,T,.T,)

o Jy®=F(d(D), u(t), y(0))

Conditions for unique solution of an ODE:
m [nitial conditions
m Lipschiz condition

9/8/2011 Classical Control 14
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Essentials in ODE — How to Solve an ODE?
N (b+&)0m _ K v, -T,-T,
Ra - Ra
$ 0,00 =c, 6,0)=4
AV
- f (em (O), em (O), Va’Te’Tf )
Solving an ODE:
m  Time-domain method
m  Complex-domain method (Laplace transform)
m  Numerical solution — CAD methods
9/8/2011 Classical Control
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Essentials in ODE — ODE Solvers in Matlab

Differential Equation Solver

MATLAB's functions for solving ordinary differential equations are
ode23 — 2"3" order Runge-Kutta method
ode45 — 4%/5™ order Runge-Kutta method

example, ;
. 2
Xp=x;I=x3)=x3 |t0=0:tf=20:
Xy =X x0=1[00.25]": % Initial
[t.x] = ode23(‘vdpol’. [tO
Create a file called “vdpol.m”, plot (. x)

function xdot = vdpol(t.x)

xdot = zeros(2.1):

xdot(1) = x(1).*(1-x(2).72)-x(2):
xdot(2) = x(1): 0 2 4 6 8 10 12 14 16 18 20

“help ode23” to find out all the other options.

9/8/2011 Classical Control 16
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The Goals of this Iecture...

m Essentials in using (ordinary) differential equation model
Why use ODE model
Linear vs. nonlinear ODE models
How to solve an ODE
Numerical methods (Matlab)

m Refresh of Laplace transform
Key features
Transformation from ODE to TF model

m Block diagram transformation

Composition /decomposition
Signal-flow graph

9/8/2011 Classical Control
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Laplace Transform - Definition

| . Transf )
Time function rariiorm Complex function

(f(t) < F(s), where s = 0 + jw, j = /—1)
- Y,

Definitions:

e Laplace transform:
LIf(t)] = 5° f(t)e™ " dt = F(s)

e Inverse Laplace transform:

LUF(s)] = [T HP F(s)est ds = f(1)

-Jo— 700

279

9/8/2011 Classical Control 18



Laplace Transform — Basic Pairs

Time function f(t)|Laplace transform F'(s)
(%), unit impulse 1
1, unit step %
t 2
p—at erLa
sin wt ﬁ?
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Laplace Transform - Properties

(a) Llaf (t) + Byg(t)] = aF(s) + BG(s)
b) L7 aF(s) + BG(s)] = af(t) + Bg(t)

(© ey — o) - 50y
@) £ oo £(0) ] = 20 pr)

(e) Lle™®f(t)] = F(s + a)
[(f) limy—yoo f(t) = limg_yg sF(s)}

9/8/2011 Classical Control 20
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Laplace Transform - ODE

d"y(t) dy(t) d™u du
- +.-4aq 7 _|_a0y( )IL— bmdtm+ -+ by dt+b0u

(ans"+- - ~+ars+ag)Y (s)=(bms" + - -+b15+bo)U (81

l

an

B Y(s) B b s + -+ 4+ b1s + by
Gls) = U(s) aps™+---+as+ ag
k
eIy kp(s) — sk 100y = sy ®2(00) - fED o)

dtk
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The Goals of this Iecture...

m Essentials in using (ordinary) differential equation model
Why use ODE model
Linear vs. nonlinear ODE models
How to solve an ODE
Numerical methods (Matlab)

m Refresh of Laplace transform
Key features
Transformation from ODE to TF model

m Block diagram transformation

Composition /decomposition
Signal-flow graph

9/8/2011 Classical Control
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Block diagram — Rules (|)

Combining blocks in cascade:

X, X, X, X, X,
— 6 — 6, — =>» — GG —

Combining blocks in parallel:
Gl
X, ‘% X x X,
— G+ G, -
G, *

9/8/2011 Classical Control




Block diagram — Rules (11)

Moving a summing point forward:

X X X M
1 G o 3

1 /N G 3 .=..
‘ X, ‘ X,
G P

Moving a summing point backward:

X, >~ > X,

G ) | B ﬁ :
\I’/X‘
- X:

9/8/2011 Classical Control
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Block diagram — Rules (| | |)

Moving a pickoff point forward:

X, X,

XZ
G r —

ol

Moving a pickoft point backward:

Xl X: X,

—_— G = G i
——— XZ _J

9/8/2011 Classical Control 25



Block diagram — Rules (1V)

Eliminating a feedback loop:

X, - X, X, G x,
G - — — A
H
Gy
&
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Y6)_ 6,G,Gs + GG,
R(s) 1-G,G;+ G,G,G,
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The Goals of this Iecture...

m Essentials in using (ordinary) differential equation model
Why use ODE model
Linear vs. nonlinear ODE models
How to solve an ODE
Numerical methods (Matlab)

m Refresh of Laplace transform
Key features
Transformation from ODE to TF model

m Block diagram transformation
Composition /decomposition
Signal-flow graph
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xeclise Two

E

See the distributed paper
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