ME 304
. CONTROL SYSTEMS

Mechanical Engineering Department,

Radar Dish : _ : _
Middle East Technical University
Armature : Inside (17 :
controlled Outside i 0, input

dc motor | 6, output

Om

) /

|
Control

Transmitter

Gearbox

A

e o
|
dc amplifier Cohtrol . C .
Transformer Prof. Dr. Y. Samim UnlUsoy

ME 304 CONTROL SYSTEMS Prof. Dr. Y. Samim Unlusoy 1




COURSE OUTLINE

l. INTRODUCTION & BASIC CONCEPTS
1. MODELING DYNAMIC SYSTEMS

111. CONTROL SYSTEM COMPONENTS

AV STABILITY

V. TRANSIENT RESPONSE

V1. STEADY STATE RESPONSE
VII. DISTURBANCE REJECTION
VI1Il. BASIC CONTROL ACTIONS & CONTROLLERS
1 X. FREQUENCY RESPONSE ANALYSIS
X. SENSITIVITY ANALYSIS
XI. ROOT LOCUS ANALYSIS
ME 304 CONTROL SYSTEMS Prof. Dr. Y. Samim Unlusoy 2



TRANSIENT RESPONSE
OBJECIIVES

INn _this chapter :

ME 304 CONTROL SYSTEMS Prof. Dr. Y. Samim Unlusoy




CONTROL CRITERIA

s Certain requirements are to be met by a
properly designed control system. These
requirements involve, in general :

e Satisfactory Transient response,
e Stability,

e Accuracy (Satisfactory steady-state
response)

e Disturbance rejection,

 Minimum sensitivity to parameter
variations or uncertainties in the plant
and/or in the feedback path.
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= The time response of a control system
consists of two parts :

e Transient response : the response
from the initial state to the final state
of the system.

e Steady-state response : response of
the system when time approaches
Infinity, 1.e., at the final state.
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~ STANDARD TESTINPUTS |

= 10 obtain a basis for the evaluation
and comparison of various control
systems, the use of standard test
Inputs has been universally accepted.

= These simple and well defined inputs
simplify analytical and experimental
analyses of control systems.
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s Typical examples of standard input
functions are :

e Impulse function,

e Step function,

e« Ramp function, and

e Sihusoidal function.

= The response of first order systems to the
first three inputs will now be examined.
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= The impulse function is defined as :

(t)=0 t<O and t>tg

= Laplace Transform : BHOEEA
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o STANDARR Wk VT

s Used to represent
Inputs of very large
magnitude and very
short duration.

x Magnitude iIs
measured by its area.

A=1 = Unit impulse : BMEOEE!
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= The step function is defined as :

t>0
G rs(t)
i
0
= Unit step Function : A=1 =

ME 304 CONTROL SYSTEMS Prof. Dr. Y. Samim Unlusoy 10

k : constant




AN S

= The ramp function is defined as :

L{t}=

S

A
R (S) —__
I SZ

= Unit ramp function : A=1 = Rur(s):%
S
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~ STANDARD TEST INPUTS |

= Relation between standard test inputs :

e It may be observed that >
drg(t) _d7r (D)
dt dt2

(=

e Therefore, one can also write

2
i (ty=9Cs (D _d cr(®)

dt dt2

e Thus, If the response to one of the standard test
Inputs is available; the response to the other

test inputs can be found simply by integration
or differentiation.
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~ STANDARD TEST INPUTS |

s Relation between responses to standard
test Inputs :
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= There exists a number of rather simple
systems which may be represented by the
same general transfer function :

_C(s) _ R(S) C(s)
>0)= R(S) Ts+1 4’&

K : gain.

T : time constant.
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TO

dAT
R{Ci ——+ AT = R¢q; —
it H
R =
G(s) = t T RtCt
R{Cis+1

de,
d K=1

1
i eo
C 1 T=RC
O T O G(S)=—
RCs+1
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= It is clear that different first order
systems, irrespective of their actual
physical construction can be represented
by the same general transfer function.

= These system characteristics will be
reflected in the general transfer functions
by the definitions of the gain and time
constants.

» K: Gain G(S)_@— K

R(s) Ts+1

BT : Time constant
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o Ml

= The impulse response (response to
an impulse function) of the general
first order system is :

C(s)=G(s)R(s)
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= Initial slope of the
Impulse response.

It is observed that the initial slope intersects the time
axis at T — How can this be useful ?
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s ldentification of a
first order system
from the unit
Impulse (A=1)
response :

- Determine T from

the Initial slope of
the response.

- Determine K from
the initial value of
the response.
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© FIRST ORDER SYSTEMS

) :(Tslilj

» The step response (response to a
step function) of the general first
order system is :

C(s)=G(s)R(s)
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t

C()=AK|1-e T | t20

= Initial slope of
the step
response.

s Observe that smaller time constant results in a faster

system response (final value is approached in shorter
time duration).

s Further, time response reaches within 2 and 1 2o of
the final value (AK) after 4 and 5 time constants,
respectively.
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deg (t)
dt

t=0

= ldentification of a
first order system
from the unit step
response :

Determine K, which
IS the final value.

Determine T, which
Is the initial slope

tan 0 =K/7T

of the response.

ME 304 CONTROL SYSTEMS Prof. Dr. Y. Samim Unlusoy 23




A
Ry ()= =
© FIRST ORDER SYSTEMS

) :(Tslilj

= The ramp response (response to a
ramp function) of the general first
order system is :

Expand C (s) into
partial fractions .
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~ FIRST ORDER SYSTEMS |

= Expanding C,.(s) into partial fractions and
taking the inverse Laplace transform of each
term the ramp response Is obtained.

)
Cr(s)=+=&_ﬁ+

1 2 S
52 (s+) S S
T

¢y (t) = AK (t—T) + AKTe ©
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t
cr ()= AK(t—T)+AKTe T

s For the special
case of K=1.:

€r (1) = Iy (1) - Cr (t)
U
=At-At+ AT-ATe 7T

_

e (t)=AT|1-e T

= As time goes to
Infinity, the

error goes to AT.
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© EXAMPLE 1a (seeaso 0gaap210)

= A thin glass-walled thermometer, stabilized
at the ambient temperature is suddenly
Immersed into a bath of water kept at a
constant uniform temperature and a plot of
the thermometer
reading iIs shown
INn the figure.

ME 304 CONTROL SYSTEMS Prof. Dr. Y. Samim Unlusoy 27



~ EXAMPLE1D

- Model the thermometer as a first order
system. Using the experimental results,
iIdentify the thermometer dynamics, i.e.
determine the gain and time constants
of the transfer function.

= Then using the model, estimate the
thermometer reading after 8 seconds if
dipped now into a bath at a temperature
of 80° C.
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.~ EXAMPLElc

= Model the thermometer as a thermal
capacitance. Heat entering the thermometer
from the bath Is stored In It. dT,

dt

s [ he thermal resistance or the thermometer
frame Is represented by :
Tb - Tt =Rq

4+l A 4
e tw

I:Ilm. ~tA~ ~ Fo
[ | Il ialc Dl (|

m
|

£2
C)

romn

T, : Thermometer reading
T, : Bath temperature
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.~ EXAMPLE1d |

= One should note here that this system
equation is in terms of the variable T,
which has nonzero initial value.

Therefore, If the time response eguation
obtained by the application of the
transfer function approach is to be used,
new variables with zero initial condition
must be defined.
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-
(0 + T6) (00 + 77 = Ryc, A0t *To)

dt

0:(s) 1

G(s) =

s From the transfer function :
T = R.C,
K=1
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» From the plot, the . EXAMPLE 1f

value of T I1s needed.

T=5

= The value of K is already known : K=1.
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= In reality, redefining

variables with zero initial —

conditions is equivalent to
a shift of coordinates of
the plot.
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~ EXAMPLEIN |

= When the bath
temperature is 80°C :
Ot - AK

1—e_;

To,=25°C
Op=Tp-To=
=80-25=55°C

AK=55°C,

Ty =0+ Ty =43.9+25=68.9°C

T=5 [s]
t=8 [s].
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= A hydraulic accumulator
IS illustrated In the figure.
It Is used to damp out
pressure pulses by storing

fluid during pressure peaks and releasing
fluid during periods of low pressure.

» Neglect any friction as well as any pressure
drop at the junction. The massless piston has
an area Ag; the spring constant is k, and y Is
the displacement of the piston with respect to
the equilibrium position.
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s Consider the hydraulic
accumulator illustrated
INn the figure.

= Assume that the system
IS Initially at steady
state, I.e. the pressure
Inside the chamber and
the flow rate in and out
of the accumulator

are constant at :
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.~ EXAMPLE2c |

» Determine the maximum pressure increase in
the chamber, If the flow rate at the inlet
suddenly increases from 2.5x10% to 1x10= m3/s
for 0.01 seconds and then goes back to its
original value. Compare the maximum pressure
ratio with and without the accumulator.

s The piston diameter iIs
specified to be 5 cm, the
spring constant is 500 N/m,
and the valve resistance is
108 Ns/m>.
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For the steady state conditions :

Elemental egn.
for the valve

Force balance
on the mass

Continuity
Equations
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Ro =p 2> -
ey  EXAMPLEZe |

s For the increased flow rate :
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~ EXAMPLE2f

s Take the Laplace transforms :

RQy(s) = P(s)
ApP(S) = KY(s)

Qi (8)—Q(s) = Q4 (s)

Q(s) = ApsY ()
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RQ(s) = P(s)
NCEETE ~ EXAMPLE2g
Qi(5)-Q() = Qy (5) liminate O-(<). O(c). and

s Eliminate Q,(s), Q(s), an
Q(S) = ApSY(S) Y(s) from these equations.

G(S):&= K
R(s) Ts+1

s Compare with the standard
form :
RAS

K =R K
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~ EXAMPLE2n

s The flow rate at the inlet suddenly increases
from 2.5x104 to 1x103 m3/s for 0.01 seconds
and then goes back to its original value.

s Since the Input is of very short duration, It can
be approximated by an impulse with :

magnitude = 1x103 -2.5x104 = 7.5x10% m3/s
duration = 0.01 s, and
strength = (7.5%x104 m3/s)(0.01 s)

= 7.5x10°% m3 -6 3
A=75x10 " m
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A =75x10"°m?3

= The piston diameter iIs specified to be 5
cm, the spring constant is 500 N/m, and
the valve resistance is 108 Ns/m>.

T 2 2
o = 2(0.05) =0.00196m“ B« _ R =108 Ns/m>

(108 '\'2\(0.00196m2 )2
=k m ) =~ 0.77]s]

500 N

m
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A=7.5x10"°m3 ‘ l

K =10% Ns/m?

r -0 77[5 = The impulse response of a first
order system is given by :

(7.5x10_6 m3 )(108 NS)
m5 -

0.77s

p(t) =
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S m2

3
2 5x10~4 ™M ] 25{ kN}

= The ratio of the maximum pressure to steady
state pressure is :
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s Now let us consider the case without the

accumulator. At steady state :
gi = o
R(Tg + o) =(P+Pp) j>
di = o

s After the jump In flow rate :

(G +di) = (% + o)
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s Steady state pressure In the case
without the accumulator :

3
0.75x10~3 ™ } 75[ A }

S m2

= The ratio of the maximum pressure to
steady state pressure Is :

s The benefit of using an accumulator In
reducing pressure peaks is obvious.
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= The general first order transfer function
represents the differential equation

which may have the initial condition :
Taking the Laplace transform of the terms of

the differential equation, removing the input
y and keeping the initial condition :

3y [ sX(s)—Xg |+agX(s)=0

Reorder the eguation.
(ags+ag ) X(s) = aXg
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CEISERE | Response to Initial Conditions |

Thus the response of the first order system
to initial i1s the same as the unit step

response of the system with the TF In the
parenthesis,

or the unit impulse response of the system
with the TF In the parenthesis :
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