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prof. Ing. Mikulas Huba, Ph.D.
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* First Order Plant
e Rate of the changes

proportional: dy
: — =K, (u-v)-ay
- to the control signal dt
- to the output signal u=control signal
v = input disturbanc e
 Examples:
] locit trol y = plant output
Vvelocity con K,,a = plant parameters

- temperature control
- level control
- pressure control
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d
d_)tlz Ks (U_V)_ay

® The fastest possible error decrease T e
corresponds to limit control values RALLLLS

¢ Relay, On-Off, Bang-Bang Control

# Oscillations around desired state
w=const
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1L ' — =K, (u-v)-ay
oTd d

if y>wthenu=U ;,
if y<wthenu=U__

¢ Frequency of Oscillations depends on the
Nonmodelled Dynamics, Hystheresis, or on the
Sampling Period

¢ Nonsymmetrical Dynamics = > permanent control
error
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0, Dynamical Class “1”
oY = :
Linear pole assighment

* Regular (Exponential) Error Decrease | de

over Limited Proportional Band —=ae; a<0
dt
* Control error
e=w—y
. d
Plant _y: KS (u—v)_ay

dt
u=control signal

v = disturbanc e
y = plant output
K,,a = plant parameters

* w=const — piecewise
constant setpoint value
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Dynamical Class “1”
Linear pole assighment

O

Regular (Exponential) Error Dec
over Limited Proportional Ban«

Control error
Control algorithm

Controller gain

Static feedforward control

%:ae; a <0
dt
e=w—y

u=K.e+u, —V;
a+a
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e Control algorithm & scheme
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0, Dynamical Class “1”
O . . : :
Minimum time pole assignment P-controller

"a /K

wW__1,E . > J/— ' > > 2

e Control algorithm & scheme

e Large control error — equivalent to the minimum time
control (limit control signal values)

* Small control error — equivalent to the pole
assignment control (proportional control)
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0, Dynamical Class “1”
O . . : :
Minimum time pole assignment P-controller

1 — 1
y u
0.8} — 0.8}
A A
0.6} 1 0.6}
a=-1;-2;-5;-10;-100 a=-1;-2;-5;-10;-100
0.4¢ 1 0.4+
0.27 | 0.27 K
{ g =
0 ‘ : ‘ ‘ 0 =P
0 1 2 3 4 5 0 1 2 3 4 5
> t > t

e Control algorithm & scheme

e Large control error — equivalent to the minimum time
control (limit control signal values)

* Small control error — equivalent to the pole
assignment control (proportional control)
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0 —s0 v
u y
W——»Oe—v K UW> —> E—> —KS— >
A 4 _/‘ a

+ - R + + u S+a

\"
* Admissible inputs KU, +v)<w<K(U,, +v) preK =K_/a>0

KU, +V)<w<KU,_ +v) preK=K_ /a<0

e Admissible initial states

K, (Uit v) —ayo JIK. (U gt v) —ay, ]< 0
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Sub-Conclusions I.

Minimum Time Control (MTC) — the fastest possible
approach towards the required state

Oscillations around the required state

No free parameter to modify the dynamics of
transients

Pole Assignment Control (PAC) — dynamics modified
by the closed loop poles

Transients are speeded up by shifting the real part of
the closed loop pole to the left (more negative
values)
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Sub-Conclusions Il.

By shifting a—>-o< dynamics of the PAC approaches
dynamics of the MTC (dominated by constraints)

The setpoint values have to respect given
constraints, plant gain and acting disturbances, or,
conversely,

The actuator has to be dimensioned with respect to
extent of the setpoint values and disturbances

Unstable systems are not controllable in any initial
state
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< Controller Tuning

|dentification of the parameters of the dominant 1st
order dynamics

Approximation of the non-modeled dynamics

Influence of relatively non-dominant non-modeled
dynamics may be respected by choice of the
controller gain

When the non-modeled dynamics has essential
influence — some its part has to be respected by the
controller structure




Kr=—(ag+a)/ Ky =(Q, —ay)/ Ky ; Q, =1/T, =«

e Tx<<1/|al|; T=required settling time

Fw(3)=Y(S)=(1+ % J KeF(s) _ oK e T

KoKg J1+ K F(s) KeT™(a, +a)-K,(s+a)

RN K hd _EHHI[I]%
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* Ziegler and Nichols 1942 |+ time delay

* Double Real Dominant Pole (Oldenbourg & Sartorius,
1944): P controller
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Y | Model
S(s) = 1 05! Process
(s+1)(01s+1)(0.05s+1) -
X 1 _o1s '
S(s)=0.75-¢e ol
S 0 1 2
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a=0 a#0
B 1-D
K=KgK,T (1 N \E)? Complicated expression
T#0
D-t+(0-DNrt _ _
Zopt 1( Ne Complicated expression
—7T
< 1 1 (Ta-1y
i 4K T, K 4T,
T >0 S
S 1 ~Ta+l
Pt 2T, 2T,
D_ei. - 1@-D)
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+ Kse- d
»Q - KR 4é > >
+ 7 - + + Uy s+a

Kr=—(ay+a)/ Ky =(Q, —a)/ Ky ; Q, =1/T,

F(s):Y(S) Lo B K,F(s) _ oK e ™
W(s) KoK J1+ K F(s) Ke ™ (a,+a)-K,(s+a)

p=T,5; K=K,K.T,; A=aT,; K,=A /K, =a,/K_,

Ke™P
p+A+Ke™®

)=o) -+ k)
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Analytical construction of the PP

e Critical and optimal gains (aperiodicity border)

Knin <K <Koy 7 K=KgK T, *

K

max —

Slan
r4 €(0,7/2)u(zl2,7)

Ty

A=

Sian

Td COS Td .

Kmin =—-A=-

aly

K

opt

—e

—(1+aTy)
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0 = Analytical construction of the PP
O

* Uncertainty Box

Uncertainty Box for T,

B(L1)=(a,, T

min " d,max !

12) (a Td max ? K Ksmade max). 5 S : o]
koo N ——

d,max ! S, min

KaK o T i oo N
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* Plant with interval parameters
ae(—0.9,09); K, e(0.7,1.3); T, €(0.1,0.17)
e Possible parameterization of the UB

K, =1.4285
—(1+agTy )
e
. or K, =
0I0 KsOTd

Ksp =55; 85 =0;
Ko =1; a,=1
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0 = Example 1 Robust P- controller
O

* Paradox — monotonic transients, but with large
steady-state error (effect similar to overshooting)

Setpoint step responses

* : : : : :
S e
i“'

3 e
10 : f

i =07 Q=24285

: d.max :

v =07 K =132 K =1

CoE,min g,max =11
AbeemmegFebeeeeeeee-t s =9 g =9 g =1 --------

o 5 10 14 20 25 a0
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e Simulationsin 3D K,AK,
p=T4s; K=KgrK T4 ; A=aTy; K,=A/Ky=87/K,
Y Ke™P

()=l (i, )K"
W(p) p+A+Ke™P

* Mapping the PP with different tolerances for

deviations from strict monotonicity and non-
overshooting

F

w
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9 @ Generating PP by simulations

Uncertainty Box for Feedforward Gain K1
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9 @ Generating PP by simulations

Uncertainty Box for Feedforward Gain Kﬁzl
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o & Generating PP by simulations

Settling Time t_, & = 10"

;---Ll-éfjffbe;g-;ﬂqf.
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Settling Time t,== 0.05
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o & Generating PP by simulations
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Conclusions
® =

* Robust tuning enables to guarantee some properties
for all possible working points

* Analytical robust tuning is possible, but not flexible
enough to cover practical requirements — much more
flexible are experimental methods of generating PP

* Generation of the PP for normed variables enables
its re-use for any numerical values of real parameters
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