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Linear Equivalent Quarter Car for Control Synthesis
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linear equivalent model nonlinear multi-body model
msZs = keq(Als — Azjin) + Ceq (Is — Zlin)
MyZy = _keq(Als — Azjin) — Ceq(ls — Zlin) + Kkt Al; + cly.
= Min Yu, Carlos Arana, Simos A. Evangelou, and Daniele Dini IEEE CSS

Publications Content Digest

= arter-Car Experimental Study for Series Active Variable Geometry Suspension
Qu Xperi udy les Activ I y Suspensi March 2019

= |EEE T. on Control Systems Technology, 27(2):743-759, Mar. 2019
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= Discrete-time composite nonlinear feedback control
with an application in design of a hard disk drive servo system
* V. Venkataramanan;Kemao Peng;B.M. Chen;T.H. Lee
» |EEE Transactions on Control Systems Technology
* Year: 2003 | Volume: 11, Issue: 1 | Journal Article | Publisher: IEEE

' 0 1 0
VCM ACTUATOR (z) - (0 0) (g) + (a) u (1)

G = =7
o(s) 52 82 4+ 2(wns + w?

6.4013 x 2.467 x 101°
Gu(s) = 272 3 SRS
52(s2 + 2.513 x 10%s + 2.467 x 108)

{r(k +1) = A=z(k) + B sat[u(k)], z(0) = zo 5)
y(k) = Cya(k)
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= Observer-based discrete-time sliding mode throttle control
for drive-by-wire operation of a racing motorcycle engine
* A. Beghi;L. Nardo;M. Stevanato
» |EEE Transactions on Control Systems Technology
* Year: 2006 | Volume: 14, Issue: 4 | Journal Article | Publisher: IEEE

di :
I Rip + L% = Uy — Kili (1

Frota (Bn) B + 0 (812) 62 + G (61) + Fron,, (610,60
‘l‘-KFTotEcl (gm) gm + TTotprel = Kﬂm (2)

I ZTry1 = Az + Bug, + dy. (5)

ul = —Kaf +yry, (6)

yit = Ca.

Fig. 1. Two-dimensional model of link—valve plant system. ‘

{$g+1 = A;;U‘,i +Bui
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= A Flexible Robot Arm:

0 )

I

! oF

J J,

* CT Input-Output Model:

Output _ w2 _ B(s) -
Input T T A(s) Gls)
= CT State-Space Model:
T1 = ¢1— ¢2 X @ Ax4LBu
T2 = wy dt
r3 — Wy Yy = Cx
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= Stabllity:

* Plant Poles & Zeros: G(s) = B(s)

— — .
A(s) Ppl,Pp2;
. d—X = Ax+Bu
* Plant Eigenvalues: dt
y = Cx :>)\p1,)\p2,---
= Characteristics: = Damping Ratio: {p

= Natural Frequency: wp

* Root Locus & Bode Plot
* Impulse Response & Step Response:
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Signals &
Systems
Output (y)
—
d2y(t) dy(t)
ao 27 = 3y() = 5u(®)
_Y(s) 5
P(s) U(s) 2+ 25 — 3

sssssss
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= Design Specifications: o (4, wy

= Sampling Time: = wy > (10 ~ 20)wy
2
— h — —ﬂ- Wg — QwN
Ws
* DT Models:
B(z) x(k+1) = Fx(k)+ Hu(k)
G(z) =
A(z) y(k) = Cx(k)
= Desired Poles & Zeros: = Dd1,Pd2; "
® (4, Wy

= Desired Eigenvalues: = Ag1, Ao, - -
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Signals &
Systems

Output (y)

dy(t) b 2%O 5 = sue

1. Model

sssssss

2. Response

LI 3. Analysis

4. Feedback
5. Control
d2y(t dy(t
A VORI 'O
G(s) Y(s) >

= R(s) o s2 4+ 45 4+ 3
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= Block Diagram of a Typical Control System:

Problem, Model, Analysis, and Design

G(z) = B(z) Ppl,Pp2; - - = Pd1,Pd2; -
A(z)
x(k+1) = Fx(k)+ H u(k)
y(k) = Cx(k) Apl Ap2s -+ = Ag1, Ago, -+
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) e u(t) y(®) k] efk] ulk] ylk]

Issues: Sampling Times

° o
_ B(s) () — B1(2)
@) = 1 I 2 =36
‘;_j — Ax4+Bu x(k+1) = Fy x(k) + Hy u(k)
L _ Cx y(k) = Cyx(k)
Bs(z2)
Go(z) =
= Ao (2)
x(k+1) = Fux(k)+ Hpo u(k)

y(k) Co x(k)
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) e u(t) y(®) k] efk] ulk] ylk]

o e
Bi(s) G(z) = B2
G1(s) = A1 (s) s (2) A(z)
> = Ax+Biu x(k+1) = Fx(k)+ Hu(k)
y = Cix y(k) = Cx(k)
Bo(s) z
Ga(s) = 253 G(z) = igi
dx o =
- = fA2x+Bau x(k+1) = Fx(k)+H u(k)
y = Ca2x y(k) = Cx(k)
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r(t) e(t) u(t) y(®)

C

Bsliblll BENEEE 2
r(t) e(t) u(t) y(t)

o

T T o o
r(t) e(t) u(t) y(t)

G(S) C(s)

k] e[k] ulk] ylk]

®
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Simulation Study: Root Locus

(seconds

D

Imaginary Axis

den=1[1-2 1];
num =[0 0.5 0.5];
sysC = tf( num, den)

Root locus of CT system

den=[1-21];
num = [0 0.5 0.5];
sysD =tf( num, den, 1) -

2

Imaginary Axis
)

den=1[1-2 1], g |
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Root locus of DT system

4 3 2 = 0 1
Real Axis

Root locus of DT system

Imaginary Ax

num = [0 1 -0.25];
sysD = tf( num, den, 1) *

21

den=[1-21];

. .t
------

-3 2 -
Real Axis
Root locus of DT system

.......
. .

Imaginary Axis

num = [0 2 -1]; )
sysD = tf( num, den, 1)

-3
-6

.
4 3

2 -
Real Axis



Simulation Study: Root Locus

= Root Locus:

Imaginary axis

Root locus of K> 0

-4

-2
Real axis

Imaginary axis
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Root locus wrt K of the PD system with Td =15

T T T

Real axis
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Root Locus Nyquist Diagram
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Simulation Study: Root Locus vs Bode Plot vs Nyquist Plgt.,

sysD =
= den=[11.41]; = CT 1.042 z + 0.07881

i " DT,h=4 2\2 + 01167 2 + 0.003698
= sysC = tf( num, den ) z . z +0.

= DT,h=1 Sample time: 4 seconds
» sysD =c2d(sysC, h)
= DT,h=0.4 0.3059 7 + 0.1902
sysC = . o I
y DT, h=0.2 272 - 0.7505 z + 0.2466
1 = DT, h=0.1 Sample time: 1 seconds

"""""""" = DT, h=0.01 0.06609 z + 0.05481
s2+14s+1 e

z"2-1.45z +0.5712
Sample time: 0.4 seconds

0.0182 z + 0.01657

z"2 -1.721 z + 0.7558
Sample time: 0.2 seconds

0.004771 z + 0.004553

z"2 -1.86 z + 0.8694
Sample time: 0.1 seconds

4.977e-05 z + 4.954e-05

z"2 -1.986 z + 0.9861
Sample time: 0.01 seconds
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Simulation Study: Root Locus vs Bode Plot vs Nyquist Plgt.,

= den=[1141] = CT :
= num=[1]; » DT.h=4 15
= sysC =tf( num, den) = DT h=1 "
= sysD = c2d(sysC, h) ’ o 1
= DT, h=0.4 2
= DT,h=0.2 -
= rlocus(sysC) » DT h=0.1 p
= D
rlocus(sysb) = DT, h=0.01
n bode( SysC) _2-2 -1‘.5 1 0.5 ReaIOAxis 05 1 1‘.5 2
= bode(sysD)
Root Locus ; Bode Diagraml o
= nyquist( sysC) =
2r B0
= nyquist( sysD ) 8
g 0 -150
E, 0
ey gb_ .
2t &%0
NN

R ! 1 I I L L " L ———— N " s
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Real Axis Frequency (rad/s)



Simulation Study: Step Response
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= Step Reponses of Different Gains
T,=15K=05 T,=15K=0.75
(@) (b)
g’_ 1 - - ED- 1=
=3 2
@) @)
0 10 0 10
11 154
50 gy - 50|
1y =17
2| 2
0 10 0 10
(c)

Output

Output

T,=15K=1.25

1 1 ]
5 of 5 0 g
£ £ 1t |
2t 2t
0 10 0
Time

10
Time



Simulation Study: Step Response
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= Hidden Oscillation of Different Sampling Periods:

Output

h=1.8
(b) 2 T T T T T T
5
1.5F .
‘g 5
S | £°
0.5§
J _5 I
0 5 10 15 20 25 30 35 40 0 5
Time

10
Time



The Design Philosophy of Control Science

= The Research Procedure in Control Science

Physical
Process

Plant
Sensor
Actuator
Computer

-

Communication

Noise
Disturbance

Math
Model

Differential eqn

Laplace transform

Transfer function
State space form

1 |

-

Difference egn

z transform
Transfer function
State space form

System
Analysis

Root locus
Bode diagram
Nyquist plot

Stability
Robustness
Sensitivity
Controllability
Observability

-
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Control
Design

= Estimator

= |dentification

= Regulation

= Tracking

= PID

= Pole placement

= Optimal Control
LOR/LQG

= Adaptive control

= Robust control

= Decentralized
(or Multi-person)
Control



