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Chapter six

PID controllers-Example

By
Laith Batarseh
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PID controllers | @

QConsider the following 1%t order system subjected to unit step input (r(t) =1 or

R(s) = 1/s) where y(t) is the output
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A
u
t UTo find the steady state error
0 1
m hl
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0 UAs you can see, the steady state error equal 0.5 or 50% which means that tahe
1 signal will eventually reach 0.5 instead of 1.0
PID controllers | ‘
u UTo find the response, we have to find M(s) and then the Laplace inverse a5
t for the function Y(s) = R(s) M(s).
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A
u QThe following shows the
t response (Y=y(t)). As you
0
can see, the response
m 0.8
a reach the value of 0.5
t with e, equal 50%
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A .
UAdding PD-controller
u
t 1
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r UNote that e, is independent of the differential controller and because of that
0
i the differential controller can not work alone
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A
u QAdd PD-controller
t k, +kys
0| B(s)=t
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m
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u QAdd PD controller UAs you can see, increasing Ot 05°
the preoperational effect
t UGe = K, + Ky(s) decreases the steady state
0 UFor Kp=1, 10 and 100 and kd = 0.05 error ar?d both rising and
m settling times
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A OAdd " UAs you can see, decreasing l""
u Add PD controller the differential effect
t QG = K, + Ky(s) decreases both rising and
0 OFor Kd=0.5.and 0.005and kp = 100 settling times but does not
or Kd=0.5,and 0.005an = .
m P improve e.
a
t 05
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A .
UAdding Pl-controller
u
t 1
° s oS- K LR 1 Y(s)
m E s+1
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t k|(1/5)
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r UNote that e, eventually goes to zero because of adding integrator controller
0 Qin the next example you will notice that the response eventually reach the
1
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A S
u QAdd PI controller oo
t QGc =K, + K (1/s)
0 1
OFor Kp=1and kl=1
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PID controllers
A
u UAdd PI controller
t QGe =K, + K (1/s)
o UFor Kp=1 and kl = 10 14
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A
S, 4

u QAdd PI controller et
t QGc =K, + K (1/s)
0 OForKp=1and k=100 18
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u UAdd PI controller
t QGe =K, + K (1/s)
0 UFor Kp=10 and ki =1 1
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u QAdd PI controller et
t QGc =K, + K (1/s)
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A
u UAdd PI controller
t UNotes:
o UAdding the integrator controller reduce the e,.
m
N Uincreasing the integrator, increases the fluctuating in the response
t signal
i UAs in PD controller, the proportional effect is the same (increasing
¢ the proportional effect reduce both settling and rise times)
C
o UYou can now try the PID combination.
n
t UThe following is a Matlab program can help you
r
0
1
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A
u dMatlab program
idl|= clear
t 2 - clc
0 3 % define the s-domaine
4 = syms s X
m 5 %2 define the time span
[ ti=input (' the vaule of time span starting point = ');
a 7= to=input (' the vaule of time span enfing point = "y
i g — T=[ti:0.001:to]:
a
i 10 % define system transfer function
11 - G=(1/(3+1)):
C 12
13 %define the FID
14 % put the value 0 I not involved
C 15 - kp=input (' vaule of Kp = ')
16 — kd=input (' = 1)
0 17 — ki=input ('enter the = KT = "):
1e
n 19 % define the new system tarnsfer function
20 — Go=kp+ (kd*3) + (ki/fs) ;
t 21 - G=G*Gc;
22
r 23 % define the input in s-domain
0 24 - R=l/s:
l 25
PID controllers
A
u UMatlab program
t
26 %calculate the system transfer function M(s)
o 27 — M=G/ (1+G) ;
m 28 — Y=M*R:
a 29— Y=zimplifv(Y),
t 30
31 iLaplace Inverse
1 g = y=ilaplace (Y, s):
' 32 |= precty(y)
34
N 35 ifpoltting the responce
C 36 - v=subs(v,=2,T):
37 - plot(T,v,"'."', 'markers",12)
38 - grid

-0 =N = B O
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