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Control Systems
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System, Input and Output

Input output

\ /
u(t) y(t)
/ \

Output depends on inputs !

Spring 2014



Control systems

Open loop control

Closed loop control
Closed loop transfer function
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Antenna azimuth position control system

Antenna

Desired
azimuth angle /

i Hﬂi-”'m"iuhﬁﬁ ) ll"']ﬁ
Differential amplifier

and power amplifier

Potentiometer
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a DC Servomotor System

servo-motor system Gear 1

R, : armature resistance, Q )
i, : armature current, A gk

I, : fieldcurrent, A |

e, . applied armature voltage, V _ E

e, : backemf, V 4] meconstant

6, : angular displacement of the motor shaft, rad Gear 2
6, : angular displacement of the load shaft, rad

T : torque developed by the motor, N-m
, . equivalent moment of inertia of the motor, kg-m

J 2
J, : equivalent moment of inertia of the load, kg-m?

The torque of motor: T =Ki

a

déo

For a constant flux, the induced voltage : ¢, =K, ’ K, :back emf constant
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DC Servomotor System

2
o - , o n
Armature circuit D.E: R, +€ =¢, Inertia and friction : Jieg = 1 J{_) J,

Laplace transforms of these equations :

K,sO(s)=E,(s), (L,s+R)I.(s)+E,(s)=E,(s), (Js°+bs)®(s)=T(s)=KI_(s)

K
NCON K __RJ
E.(s) s(RJs+Rb+KK,) S(H Rb+K Kb]
R,J
— Km
(T s+1)
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System = Schematic = Block Diagram -> Transfer
Functions

Antenna

Azimuth
angle
output

Differential amplifier
and power amplifier

Potentiometer

C(s)

Ggs)

a4t +
(‘_.__.. % Potentiometer
L Amplifiers Motor
Armature
resistance
+ Differential
and Armature
- power Gear
amplifier ain
K
Fixed field Gear
B Inertia Viscous
damping
Potenrio1nele1$ - Gear
+

Y(s)

Angular

output

U (S) Input P]n;rm
transducer Voltage . Error Controller Process
proportional  Summing or -
Angular e junction Actuating Signal Mator,
input i input + signal and load,
—= Potentiometer { % } power and
-k amplifiers gears
H1(S) Vol Sensor
oltage {outpurt transducer)
proportional
to
output

Potentiometer

H(s)

C(s)G(s)H,(s)

:> Y(s)=

U(s)
1+C(s)G(s)H(s)
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Antenna azimuth position control
system
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Automatic controller

—_———,—eeee e —

Error detector

I
I
I
|
Reference :
input I u Output
Amplifier | A ctuator Plant |je——
( Set | I
point) ! I
i Actuating |
: error signal J:
Sensor |
u=f(r,c)
Spring 2014



Proportional Control

U=k e kIO : The proportional Gain

A AN

MOTOR

—_—

Disturbance
—_—

Antenna Position
Control System

Spring 2014
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Proportional Control

U= kp e kIO : The proportional Gain
r e 1 .
T kp Js® +Bs g
KP
() _ J’+Bs _  K;
r(s) 1. K, Js* +Bs+K_
Js* +Bs

Spring 2014
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Proportional Control

: 1
e Step input response  r(s) = S

» steady state response c(t) = Iing sC(s)

: K, 1
=lims—; |
20 Js"+Bs+K s

0 4

/\/\/\\/\
VAR

v
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Proportional Control

e Response to torque disturbance

_T - Js? + Bs

Yo

K
C(s)= - r(s)

Js? + Bs+ K,

D(s)

+
J32+Bs+Kp

1
Assume that D(s) = 5 steady state response

1 1 1
ct)=lims- .~ =—— steady-state error
(t Isl_go] Jsz+Bs+Kp s K, y

Large K| - small steady-state error

—> large motor power is needed
—> oscillations

- large W, [wn = %J

. B
-~ small damping ratio ¢ =,
2‘\] JK P Spring 2014
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Proportional-Integral Control (Pl control)

e Response to torque disturbance

D
SERINLIN K{Hij b [ 1] o

T;S Js* + Bs

ves) =K 1+i
EG) " Ts

u(t) =K e(t) + %je(t)dt

1
KPS+T Ko

C(s) _
R(s)

Js® + Bs® + Kps+|;P

No steady-state error for reference input

Spring 2014
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Proportional—Integral Control (Pl control)

—>

D
K{Hij T NN

T.s Js? +Bs

1
C(s) _ Js? + Bs
DGS) 14k, a4ty 1
o Tis)Jsz+Bs
s

Js® +Bs® + Kps+|§_P

D(s) =2
S
C(t)=Ilims

s—0

=0

s 1
S

Js® + Bs® + KF,s+|$P

No steady-state error for step disturbance
15
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Proportional-Derivative Control (PD control)

—>

Y

K, +K,s > —
P Js? +Bs

d
u(t) = Kpe(t) + K, ae(t)

C(s) _ Kp +K,S
R(s) Js°+(B+K,)s+K,

B+ K,
§=7 : increased effective damping
P

16
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Proportional-Integral-Derivative Control (PI1D control)

1 u 1 C
o S MK [ 1+—+T > =
R C( +Ti5+ dSJ Js* + Bs
| control
ot e i u_ 1 o«
i Ts Js? + Bs
1 1 1
C(s) TsJIs®+Bs T,
RS) 11 Js° +Bs?+ =
Ts Js* +Bs T
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Component block diagram of an elementary
feedback control

Disturbance

Plant
(————————————— =
Control

| |
| |
Reference [nput + signal } | Output
o— . > Controller » Actuator » Process 1 O
filter |
h | |
| |

Sensor

ZL

Sensor
noise
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Vehicle control systems
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Driver Assistance Systems

Lane Keeping Assist System

Blind Spot Detection System Spring 2014



Hyundai Motor Company, GENESIS, in 2008

Acceleration Control
(Engine Control)

Deceleration
(ABS,ESC,ESC+)

Lidar / Radar
(Detecting Preceding Vehicle)

v o,

Controlled Vehicle Preceding Vehicle

21 .
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Vehicle Control systems

Cruise Control

Automated Emergency Braking Systems
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System Control (next semester)

Controller design

- feedback control systems (closed-loop control systems)
- Root Locus method: pole placement

- Frequency Response method : lead/lag compensators

- analysys and design Using MATLAB

- control system simulation using MATLAB/SIMULINK

- PID Control
- state space method



End of Introduction to Control Systems



