Introductory Control Systems
System Type and Steady-State Error

Svstem Type

Consider the single loop feedback system with input
R(s) and output Y(s) as shown at the right. The system type R(s) 4 ~E(s) G(s) Y(Sl
is determined by the form of the loop (or open loop) transfer B
function GH(s). In general, the form of GH(s) can be H(s) |«
written as Simple Closed Loop System
Hs)= e 0

where N(s) and D(s) represent polynomials in s, and s” represents all powers of s that can be

factored from the denominator. The number n determines the system type. It is said that the
system is a “gype n” system. As is shown below, the value of n determines the “type” of steady-
state error the system will have for various input signals.

Svystem Error Transfer Function and Steady-State Error

Using block diagram reduction, it can be shown that the error transfer function for the single

loop system is

E 1
Z(s)=——— (2)
R 1+ GH(s)

Combining equations (1) and (2) gives the general form
E s"D(s
)= ®)
R (s"D(s))+ N(s)

The steady state error is found using the final value theorem. Steady state errors for type “0”
and type “1” systems for step, ramp, and parabolic inputs are calculated below. Given these

results, the results for type “2” and higher systems are easily deduced.
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Type “0” System

The steady-state error of a type “0” system to step, ramp, and parabolic inputs can be

calculated as follows:

Step Input:
e =]im(SE(S))=]im(S'£ l)—h D(s) __ PO _ finite value
TS50 0\ R s) s»0\ D(s)+N(s)) D(0)+N(0)
Ramp Input:
_ _ E 1 D(s) DO) . ..
e. = SE(s))= §-—+— |= = = infinite value
o =lim(s £(5)) lﬂ.@l( R j ELOLS(D(SHN(S))J 0
Parabolic Input:
. . E 1 . D(s) D) . . .
e. = sE(s))= §-—-— |= = = infinite value
o =lim(s £(5)) 13301( R s3j Pi%[s (D(s)+N(s))j 0

Type “1” System

The steady-state error of a type “1” system to step, ramp, and parabolic inputs can be

calculated as follows:

Step Input:
. . E 1) s D(s) 0
= E = e — | = = =
€ 1?1_1;1;)1(5 (S)) 1Y1_I;1(’)1(S R Sj lgl_r)l;)l((SD(S)) N N(S)J N(O)
Ramp Input:
. _ E 1 D(s) D(0)
= E(s))= — = = finite val
€y 151301(3 (S)) lslil;)l(s R j £LO[SD(S) N N(s)] N(O) inite value

Parabolic Input:

e, = hm(S E(S)) = hm( %Si}\) — hnol[S(SDg)(j_)N(S))} _ D(()O) = infinite value

Summary: (following the pattern of the above calculations)

Steady State System Error
Step Ramp Parabolic
finite 00 00

finite 0
0 finite
0 0
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