Exercise 2, Set 12, Detailed answer

For the modeled process, we canseethatd =1, 7 =5and K = 2.

When fine-tuning a PID controller, we need to take measurements at time points that differ
by very little relative to the timescale of the actual process. Since in this case the timescale
is in the order of 5 seconds, we can select a time point difference of

AT =T, =5/20=0.25
We can use the Ziegler—Nichols method to tune the parameters of the PID controller:

P controller: K, = 3% = %5 = 2.5
Pl controller: K, = 0.94% = 2.25,t7 = 3.330 = 3.33
PID controller: K, = 124 =3,t1 =20=2,t;=0.50 = 0.5

Now to find the numerical values for the control law we need to find the general formulas:

P Controller
The proportional control law is:
N(t) = K,e(t)

We can define two measurement points as:
er = e(ty), ep1=e(tp_1), given AT =T, =t —t}_4

Then:

AN} = N(ty) — N(tp-1) = K, (e, — ep_1) = aep + Be_1 + ver 2
C(:K,., /B:_Kra 720

Numerical values:

Pl Controller

Pl control law:

I

N(t) = K, <e(t) + ti /Ot e(t) dt’>

Approximate the integral using small time steps:
e(t') dt' & T F_pe; and Ny, = K, (ek + Lk, eZ-)

Thus:

Ty,
AN, =K, [(ek —ep_1)+ t_ek]
I



T,
a:Kr<1+—m>, ﬁ:—Kr, Y=

Numerical values:

ar~242, B=-225 =0

PID Controller

PID control law:

N(t) = K, (€(t) +— /Ot e(t)dt' +tq d‘;it) )

Approximate derivative:
de(t) ~ ek_‘;k—l and N, = K, <ek + %ﬂ f:O e; + tg ek—ek—1>

Tdt T, Tm
Thus:
T tq
AN, =K, |(er — ex—1) + ?ek + T—(ek — 2ep-1 + ex—2)

T, tq tq tq
=K, 1+ —+— =K, |-1-2-% N
o ( + +Tm), 8 ( Tm), . (Tm>

Numerical values:

a=9375, B=-15, 7=



