~ Chapter 3 - Time Response Analysis
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RESULT
a) Position error constant, K,=

Velocity error constant, K=o

Acceleration error constant, K =20
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b When, R(s) =— - —+ —, Steady state error,e,, = —

EXAMPLE 3.12

For servomechanisms with open loop transfer function given below explain what type of input
signal give rise to a constant steady state error and calculate their values. -
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SOLUTION
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Let us assume unity feedback system, .. H(s)=1

The open loop system has a pole at origin. Hence it is a type-1 system. In systems with type
number-1, the velocity (ramp) input will give a constant steady state error.

¥ e 1
The steady state error with unit velocity input, ey, = o
Yy
i = G(s) H(s)= L
Velocity error constant, Ky sl_,’t0 s G(s) H(s) 1 _’to s G(s)
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= — = = (0,075
Steady state error, egg -
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Let us assume unity feedback system, .. H(S)I. : |
The apon Toup eysmen e 10 ol S AU TS IR B DYRSE AR, 5 fysiar with
number-0, the step input will give a constant steady state error.
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Position error constant, K, = Lt G(s)H(s)= Lt 0() = LLT5i3y = 25373

1 1 3 3
CITor, - = = —-0.375
i e s . T+Ky 145 3+8 8
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Let us assume unity feedback system, .. H(s)=1.
The open loop system has two poles at origin. Hence it is a type-2 system. In systems with ryoe
number-2, the acceleration (parabolic) input will give a constant steady state error.

The steady state error with unit acceleration input, e --IEI;_

Accelerati constan = L !201{ = = 10 =IO_<
e B ). 5) 12

Steady state error, e,-i'—-%-oz

RESULT
1. In system (i) with unit velocity input, Steady state error = 0.075
2. In system (ii) with unit step input, Steady state error = 0.375
3.In system (iii) with unit acceleration input, Steady state error = 0.2
EXAMPLE 3.13

The open loop transfer function of a servo 1
Evaluate the static error constants of the system, (;ymmbtdnmndywwmw l:fot:: : sl:) mo.t&s;l.,
error ystem. When

subjected 1o an input given by the polynominal, r(t)= '0""]'*!23-!2 .

SOLUTION
To find static error constant
For unity feedback system, H(s)= 1,
- Loop transfer function, G(s) H(s) = Gs)
The static error constants are K, K and K .
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Method - 11
The : 0 e e
error signal in s-domain, E(s) 1+ Gls)H(s)
: 3 8 3 i . SRS =1
Given that, r(1) a,+u,t+-2lt : G(s) 010 H(s)

On taking Laplace transform of r(t) we get R(s),
=2 .8 22A 8.8
R(s) '+‘2 29 s+sz+s’
- P,
B s+-j+"_ y ?—-l-.:l--i-fl

1+ G(s)H(s) 14 10 s +1)+10
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lhenndymxemc_mbeobninedﬁomﬁmlvalueﬂmm
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- Method - III

Error signal in s-domain, E(s)=—R0) . E(s)
1+ G(s)H(s)

: S N
Given that, G(s) mnﬂﬂ(g}-:.
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Control Systep,

' — e
&” _._._———'-—.‘-———' ! Kl"'b. - b
- a-K
Velocity error constant, Ky = Lt sO(a)H(!)" Lts O = s+(a-K)]
1 _s-K
With velocity input, Steady state error, Ko ¥
RESULT
Ks+b
Open loop transfer function, G!)'m
a-K
With veloctiy input, Steady state error, ey = g 5 —
9
EXAMPLE 3.15
B s & When the inpu
A unity feedback system has the forward transfer function G(s) =~ (5s+ 1)(1+5)° F
M0 = 1461, determine the minimum value of K, so that the steady error is less a.1.
SOLUTION 3
Given that, input r(t) = ) +6t
On taking laplace transform of r(t) we get R(s).
“R(8) = L{r()} = L{1+ 6t} = %+§
The error signal in s-domain E(s) is given by,
158 L i
g R(s) s g s :
~E(s)= = = —i Here H(s)=1
. 1+GsHs) | - Ky(2s+1) ~ s+ 1+ ) +K(2s+1) ad
S(Ss+1)(1+5) s(Ss+1) (1+5)°
=l S(5s+1) (1'+s)2 +_§_ s(Ss+l) (l+s) ‘
s s(Ss+l) (I+s)2+l(,(2s+l) s(5s+1) (l+s) +Ky(2s+1)
The steady state error e, can be obtained from final value theorem.
= Lt e(t)= Lt sE(s)’
1o s—0
s
= e _l_[ s(Ss+l)2(l+s) + 6 g S(5s+1)(1+s)
520 |S|'s(Ss+1)(1+5)" + K (25+1) s(Ss+l)(]+s) +K(2s+1)
i u{ cha), (L) S (7Y (P Tt ¢ A
(354 1)1+3)" +K(25+1) s:mn(m) +K (254 1) KUK
Given that, e, <0, --O-I'E-l- SN, ‘as-i=60
RESULT
For steady state efror, €, < 0.1, the value of K, should be greater than 60
\/,_
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