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tank level control.win
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Grundflache A

base area &

The equations:
ge=C*z
z/1z=h/ 1 are valid.

Content of the tank:
A%y = Alyg -h(t)) or

Block 2

Block 3

A*y= (g, —g,)dt + A*y,
bl

Block 1

geand g, are the flow rates in L'min.

With C=10l/min/cm = 1 m?/min, 1,=0.5m, l,=1m, A=1m? and a step function at g,=0.1 m3/min lead to

following plan:

@

]
3 2 1
L
Nr type gain T1iGen.-Fre. T2idamping limits inputs
1 | 1.0000 1E+30 2,71
2 P 1.0000 1E+30 3
3 P 0.5000 1E+30 1

Data into Report

Ende, cancel | | changed params -» blocks | | new constants > | |

. is a disturbance for the level. The disturbance step response with final control error of 0.2 m see

next picture.
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i Caleulation of step responses

Time range 10
1-2-5-10

Steps between each point
Input step amplitude

[+ sec Qutput block Nb

[ e | B

Input Mb.

Import from extemal file

Next Curve: 1

] with initial values <07

RETal ] Open curve Memory

shift curve data into RAM

with this color
Store and fix

T

=] B8 AL

o 1 @==

ax

Legend

W Block:1In: 71

Chart 7.22

Cruise control project 1.wIn

« 1. Hardware

This sketch shows a car

e Speed Sensor: v — Uy with v is the speed

e Actuator: Us — P with P is the power of the motor

50 hwtK
=

= step function at input

T_I—_—
HOKW stey

e We expect the step response look like that:

Numerical example

(fits to an old VW-van)

[T1ea =+ *
[Step response of a PTi-block

— look at the table on page16
== great similarity with a PT1 — block

T
\Symbol of a
[PT1-block

100 km/h
40 kW

kmlh
= 5tmih
oW

s K extracted: &=

o T extracted: I =105 — extracted with tangent method

& block parameters - m] X
Hr type gain T1/Gen.-Fre. T2/damping limits. inputs
Pl 4.0000 10.0000 - 1000 7, -2
2 | PT1 2.5000 10.0000 - 1E+30 1,72
| Ende, cancel ‘ | changed params -> blocks | | new constants > | | Data into Report
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Step at input 71 gives reference step response (response of speed of the car, if set value is switched
from 0 to 50) and step at input 72 gives disturbance step response ( if car is driving up a hill with
fictive power reduction of 20 kW).

Reference step response (unlimited power (blue) and power limited to 100 kW(red)):

) Calculation of step responses — m] b's
Lo 10 | sc OupublockNb. 2[5  Impotfrom extemaifie (] With ntia values <02
1-25-10
Steps between each poirt 5 = Input Mo 71 = %t [] Open curve Memary
Next Curve: 2 with this color
Input step amplitude E ?al Sreerd shift curve data into RAM
HE=TEHBER LK e=-=ax
50 Legend
]
Iy
//"’f W Block: 2 In: 71 unlimted
W Block: ZIn: 71
40
30
20
10 /
0
0 1 2 3 4 5 6 7 8 9 10
Chart 7.22
Disturbance step response of -20kw-Input at 72 (PI- gain K.=4 (blue) and 40 (red):
65! Calculation of step responses — [m| b
LG 10 & s ouptblodcne. 2 [z]  Importfom edemal fie [ Withintial values <>0?
1-2-5-10 ?
Steps between each point |5 = Input Mb. T2 = .dat [] Open curve Memory
Next Curve: 2 with this color
Input step ampliuds E@ﬂ Fomen shift curve data into RAM
SIE1EN N AR S €
0 Legend
. T | M Block: 2In: 72
W Block: 2 In: 72
-1
2 /
-3 /
-\.__‘_-_____/
-4
0 1 2 3 4 5 6 7 8 9 10
Chart 7.22
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Temperature control project 2.wln
First design of Pl with phase margin 68,2° (equiv. to d= 0.7613 equiv. to overshoot (i=2.5%):

Design:
@

controller params, block no3

.-.‘.‘: parameters — m} X | i

- - — - |Controller type PI
Nr type gain T1/Gen.Fre. T2idamping limits inputs phase margin 68.2 degree
n PT1 0.7300 10.0000 = 1E+30 3 cross over frequency omega_d: 0.4000
2 PT1 1.0000 1.0000 - 1E+30 1 Controller gain Kc:5.9008
3 sController 5.9008 10.0000 0.0000 100000 7,2 time constant TN : 10.0000
comment:
| Ende, cancel | | changed params -» blocks ‘ | new constants > ‘ | Data into Report

Unit step response of Temp and Power.

e Calculstion of step responses.

- =] x
Time rarge 0 5 sec  Outpor Block b - Imgart from estemal fle [mET "
& 12510 =
Stepe between sach port & % Irout 1 & dat [ Open curve Memory
. Pt Corve 2
out sp smpltte  [1 Rectic o T #11 curve dsa e RAM

e TEOEEACE i o==ax

[T ; Lagenc

ol
. W Bk 3 71 Power
5 g, | W Bock 200 71 Tep
. %
N
e
4 N,
RS
e
3 :\\I
\\.

2 \“\“

1 —

0

o 2 3 4 5 6 7 8 9 0

Chat 722

PIDT1 with st=10, T,=1 and T,=1, unlimited power (red) and limited power (green) and previous PI
(blue). You see green curve with wind up effect. Phase margin always 68,2 °.

B Coboulabn of step responses

- o %
T ange 10 2w Oupdbleckds 3 (3] mootliom etemalfie [ Wath intiad vakoos 07
[ 12510 =
Repsbelwemn sachpird 5[5 i B N [ O curve Masory
==y Mew Curver 4wt L coior
Fout sieq amoltude 1 ] Pecsie H S el #09 curve dta ke RAM
e TEIEEALE | e==ax
11 T SO Legend
4 II,,-.._; — P ’:”’ p—— _—: W oo 201
) 1 1 4 et 1 1 W Bk 3k N
{ y -
03— = | | 1 W ok 2h 71
Es=== 5 e s | | i | | |
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a7l S .-:'/
/ y
3 5 [ 7 8 5 0
Ot 722
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3PT1 with P-controller.win
This example is used in my lecture to introduce stability problems. With K=10: stable. With K=20:

unstable. With Hurwitz the calculation of border- value gives K=14.58.

® e T
R ~1 I
- 1 2 3 4
BB block parameters - [m] X
Nr type gain T1/Gen.Fre. T2/damping 1
P 20.0000 - - |
2 PT1 1.0000 0.3000 -
PT1 1.0000 0.2000 -
4 PT1 1.0000 0.0500 -
< >
Ende, cancel | | changed params -> blocks | ‘ new constants -
] Calculation of step responses — [m] x
e rog 2 f sec OuputblockNo. 4 |2  Importfrom extemalfile [ with iniial values <07
12510 ? -
Steps between each point (100 1+ Input Nb. B at o ] Open curve Memary
Next Curve: 3 with this color
Inpust step ampitude Recalo B f—— shit curve data into RAM
Legend

=S =TI B e e 1 [ @== A X
W Block: 4 In: 71 K=20

6
/ \ W Block: 41n: 71 K=10

/ ENEE

4

18 18 2
Chart 7.22

06 07 08 09 1
If Time constant of block 2 becomes negative, stability is with Hurwitz only possible in the range -

2.083<K<-1. Step response is shown with K=-1.5.

5 Calculetion of step sesponses
Time rarge o S oaee Oudpud bode Ny i |z It from edermial e ] With inkicd vokues <07 ]
= 1250
? e e e TiGendre. A
Smps betoveen anch port [100 5 gt n K gt [ Gpen curee Masary _ = PR ——
P Curvec 1 it i cokor e e =
T 2 1 10000 2000
oot [ Py
LI e, Siore e fx 5 = % -
4 m 1.0000 00500
£

[
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4PT1 with controller project 3.win

© TR T T
- 5 1 2 3 4
& block parameters - m] X
Nr type gain T1/Gen.-Fre. T2/damping lir|
N PT1 2.0000 1.0000
2 PT1 1.0000 0.3300
3 PT1 1.0000 0.0500
4 PT1 1.0000 0.0100 -
5 sController 1.9185 10,000,000,00... 0.0000
< >
‘ Ende, cancel | ‘ changed params -> blocks | | new constants > | [

Now design of 4 controllers, polecompensation with -12 and -30 dB- method, DT1 with st=10, with

unit reference step responses:

8l Calculation of step responses

Import from extemal file [ with intial values <>0?

Time range 5 2] sec Output block Nb. =
12510
Steps between eachpoint 100 |5 Input Nb. s 2] [ Open curve Memory
Next Curve: & with this color
Inpus: step ampltude Recalc %t Store and fir shift curve data into RAM

Bl TEEEEALE i |e==axX
11 —
k—\“\—*_

1
iS
N S
E

NE
i/

B Renort
- controller params, block no5

® 5 [ E B Hioy

controller params, block no5

Controller type DT

phase margin §0.0 degree

cross over frequency omega_d: 7.1448
Controller gain Kc 4.2835

time constant Tv : 0.2571

step depth st (step of D-Part); 10.0000
comment:

Controller type P

phase margin ¢0.0 degree

cross over frequency omega_d: 2.6712
Controller gain Ko :1.9185

comment: controller params, block no5
Cortroller type PIDT

phase margin 60.0 degree

controller params, block no5
cross over frequency omeaa_d: 5.0397

Controller type Pl

phase margin £0.0 degree

cross over frequency omega_d: 1.4228
Controller gain Ko :0.7883

time constant TN - 1.0013

comment:

Controller gain Kc 2 8166

time constant TN : 0.8621

time constant Tv : 0.2571

step depth st (step of D-Part): 10.0000
comment:

Legend

W Block: 4in: 717
W Block: 4In: 71 Pl
M Block: 4 in: 71 PDT1st=10
M Block: 4in: 71 PIDT1 st=10

Chart 7.22
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3PT1 and | with controller project 4.win

- block parameters — m} X

Nr type gain T1i/Gen.-Fre. T2idamping limits

| sController 1.0000 0.1000 0.0000 1E+34
“ PT1 1.0000 0.1100 - 1E+3|
3 PT1 1.0000 0.0500 - 1E+3|
4 PT1 1.6000 0.0100 - 1E+3|
5 1 0.1000 = - 1E+31
6 P 1.2500 - - 1E+3|

< >

| Ende, cancel | | changed params -> blocks ‘ | new constants > ‘ I:

Four controllers, Pl with sym Opt., polecompensation -30 dB- method, DT1 with st=10, with unit
reference step responses:

8! Calculation of step responses

Time range 5 2] sec OuputblockMb. 5 2]  lmportfrom exiemal fie 1] With ntial vaes <02
12510
i

Stepsbefweeneachport (10 |2 nput Nb = [ Open curve Memary

Next Curve: 4 with this color

71
Input step amplitude Ea‘ Store and fx shift curve datainto RAM

Legend

1

0 — W Block:5In: 71P
,’Y B ——— W Block: 51n: 71PI

08 W Biock: 5 n; 71 PDT1
If/ W Bck: 5 n; 71 PIDTY

N
NEIS
NI

22 W/
b

Chart 7.22

controller params, block no1

@ 5 RE B oy Controller type PDT
phase margin £0.0 dearee

controller params, block not cross over frequency omega_d: 9.0776
Cortroller gain K- 44 0863
Cﬁ?s?l:;hﬁesi 0 dearee time constant Tv : 0.1400
p rgin 5.1 oeg step depth st (step of D-Part): 10.0000

cross over frequency omega_d: 3.164%
Controller gain Ko (16.5725
comment:

comment:

controller params, block nal

controller params, block nol

Controller type PIDT1

Controller type Pl phase margin 60.0 degree

phase margin 60.0 degree cross over frequency omega_d: 5.0780

cross over frequency omega_d: 1.5505 Cortroller gain Kc :23.7083

Cortroller gain Ko :7.6185 time constant TN : 0.7350

time constant TN : 2.4070 time constant Tv : 0.1400

comment: step depth st (step of D-Part): 10.0000
memmant -
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