42 CONITROL OF STEADY-STATE ERROR TO POLYNOMIAL INPUTS:

SYSTEM TYPE qu% 12
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General case
Let us assume that the reference input 1s a polynomial of degree r and compute the steady-state error for a general system with plant

G(s) and controller D(s). If the reference mput is
F
1) = %I (1) . then the transform of the mput is R(s)=

— (nok! terms in the Laplace transform!)
s

It k=0, the mput 1s a step function of unit amplitude; 1f & = 1, the input 1s a ramp function with a unit slope; if k=2, the wput 15 a
parabola with a unit second derivative, and so on. Note that system type is defined by the degree of input polynemial for which the
steady-state tracking error is constant. Define e = r — y . The reference input to error transfer function 1s

E ¥(s), ) . | .
R('_S; =1-T(s) where T(s)= %1& the CLTF. Let us also define loop transfer function L(s)=Dfs)G{s)H(s).
| s,
The steady-state error 1s given by applying the Final Value Theorem (assuming all poles in the left half plane).
1-T(5) = lim [+ D(s)G(s)H(s)- D(s)(}‘(s))]
5" s=0 s (1+ L(s))
This system 15 referred to as type k if e, 15 a non-zero constant for that k. For example, if k= 0 (step wput), and e; 15 a non-zero
constant then the system 1s type 0, 1.¢., a type 0 system will give a constant error with a step input. Similarly, if k=1 and e; 15 a non-
zero constant then the system s type 1.

e, =lime(r) = lilrésf (s)= lilrés[l —T(9))R(s)= lin%
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Find an expression for the ss error for the cruise controller vou studies in chapter 1:

Closed loop
u
chsturba
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Find an expression for the ss error for the cruise controller vou studies in chapter 1:

Closed loop
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Now derive an expression for the ss error for a unit step input for the system 1/(s+3)
in feedback configuration with gain K — check with MATLAB. What is the effect of

gain K? ﬁfﬁ) B L & el {/5%% ~ % '_‘,/6*3 I\L: K
Lo Ky /e D= A
o - V+B
S T S ’
Sxn A
@W Sr e K-V P g:O
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A special case: Unitv Feedback
This 15 a case when H(s) = 1, and L{s) = D{s)*G{s). Note that the system error expression 1s sumplified for this case to

! 1
E(s)=———R(s) . Substituting R(s) and using the Final Value theorem ¢_ = lim -
1+ L(s) =01+ L(s)]s

1 1 1
CASES: step input () = 1(#) (assuming tvpe 0 system). .. = lim = =
pinputr()= 1) (assuming bpe O ystem). € = 14 L(9)] b1+ L(s)] 1+ K
5= F

1 1 1
ramp mpuet #¢) = £-1(f) (assumin e Isystem), .. = lim = =
p mnput 7(f) = -1(7) ( g type L system), e A= IO li_l;la..S'L[S:l' X

. 2 . : 1 1 1
parabola mput #(7) = -1(¢) (assuming type II system). €_ = lim

=0 [1+ L(s)]s® lms'L(s) K

a

where (for UFB only) position error constant K, = 11'_131‘]1[.{5} - velocaty error constant K| = li_I;lu}EL (5): and acceleration
& &

error constant K = limSEL{.S} [ terms are used in industrv]. For non-UFB systems, first find e, and get them from that.
50

The errors for different system types for unity feedback case are shown at table below

Step Ramp Parabola
Type 0 1/(1+K) x© o
Type I 0 /K, o
Type II 0 0 1K,

Note that for the Unity Feedback case, if L(s) has n free s in the denominator, then the system is of type n.
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