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PREDICTHV/E CONTROIL %



ERGONOMY OF ELIGHT
CONTROIL

In the fifties :

How the prlot manages his aircraft ?
\What operating iImage ?

Comparison between:

Human control and: Automatic control :

SURPRISE ...



Jean Plaget (1896 / 1980)

Swiss, Grand Father ofi Cognitive Psychology.

How the child learns and controls his
environment

Four phases ....!



— OPERATING IMAGE

— TARGET — Sub TARGET

— ACTION

— COMPARISON BETWEEN

PREDICTED AND ACHIEVED
RESULT

—INTERNAL MODEL

-REFERENCE TRAJECTORY

-STRUCTURATION OF THE MV

-ERROR COMPENSATION



PREDICTHVE CONTROIL

[SEN@A]

AN INVENTION

BUT A DISCOVERY ....|



ELEMENTARY TUTORIAL EXAMPLE I

=m=Y @=Tsamp .r

- Tsamp

y(n) =ay(n-1) + (1-a) .u(n-1-r) .G a=e

Processus with delay Yp; (N) = yp (n) +yp (N) - yp(n-r)

Target Ap(n+H) = (C-yp,) (1 - A1)
Model : Model increment :
Free mode ym(®) aH
Forced mode  u(n).GM(1- aHj Increment = Free(n+h) + Forced(n+h)- ymodel(n)
(Liebniz 1674)
Control equation : The only mathematical problem for trainees ...!

ApP(n+H)=Am(n+H)
C-yp M @-2" =y, 7 rumoema- M -y,m
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ON LINE ESTIMATOR of
DISTURBANCES

&



ESTIMATION DE L'EXOTHERMICITE
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FID Control Treactor

1

PID Contral Split-Range
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4 CONTROL STRATEGIES OF BATCH REACTORS

R =) R Reagent pM.CpM.vM.dthM =U.A.(T, ' T )+AHx
dT 1 1
( , _‘ Pe-CPe-Ve. i =Pe-F(T, ' T)+UA(E *.T
™

Fi, T| — — Te

= AR Tt T T

1) Fi=ct /IMV=Ti CV=TM /level 0=Ti? :PFC
2) Ti=ct (!) MV=Fi Parametric Control non linear :PPC
3) MV : Tiand Fi : Enthaplic control (power) :PPC+
4) MV . Pressure of reactor ‘PFC



Commande en pression a TEC constante
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Batch Reactor: :
MV/=0Qf/ C\V/= TIM
DEGUSSA EVONIK




|dentification of characterlstlcs

Prasentation

Time constant as a function
of the manipulated variable

flow

: mass volume

. Jacket volume

density

. heat capacity

constant

heat transfer
surface



Control PID. Degussa/ EVONIK
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39 different batches with PID

Datum | Name der

Prasentation Seite | 19




Control PFC Degussa/ EVONIK

[ [ { [ [

32 different batches with PPC

temperature [°C]

Prasentation
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—/ SOLLAC

GROUPE USINOR

Steel ladle 335t , 1550 °C

Setpoint weight

5%

Stopper

position detection

SP=70%
G

Steel level

Mould
850-2200 mm,
Cool jacket

¢ -9 o
*
‘0 0,




CLOGGING
EXTRACTION

BULGINS

MOULD



IDENTIFICATION

- Ultra-low level test signals !!....
« | 'dowant to see your test signal onithe level ..«

- Set ot harmonicsisignails
Elgen function

= High level' Parallel filtering

.~ Different metalalloys
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ARE VA

Benchi test of pump gaskets

=low > 39000ms/h ....1 7
Pressure . 17.50 MPa
‘emperature : 330 d°







=2Size :10m
= Mass : 100 tons
=2 Flow: ~35000 m3/h

PFC control joints



Banc d’essai




Convexité Echangeur Chaud

TEQ=LxT3L+(1-L)xT0

Convexité Echangeur Froid

TEQ=LxT30+(L1-L)xT51

Prise en tendance de la
température d’entrée

PFC CHAUD

Logique de
choix de
I'action
(Chaud ou

Froid)

PEC FROID - ReguI?rt:)(i)(;l débit

Prise en tendance de la
température d’entrée
F(T51)
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Essai A2sidu 17 avril 2012 (673)

Temps (heures)

15,0
18:14:24

18:21:36

18:28:48

18:36:00

18:43:12

18:50:24

18:57:36

19:04:48
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TInj
Consigne

retard +3 mn

Temps (heures)f

14:31:12

14:45:36

15:00:00 15:14:24 15:28:48 15:43:12

15:57:36

16:12:00

16:26:24




Essai A2si du 03 mai 2012 (705)
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F1,T1

F2 12

Convexity Theorem

FT=F1.T1+F2.T2 (enthalpic balance)
T=AT1+(1-1).T2 with 0<A<L1

Hyperbolic function! A= F1/(F1+F2)

FT



— > tsf

tsp < S qp tep

gitef ——

1-exp [—u.A(lp—l)]

Fp
Ff

I'(Qf) =

1-—exp[-U. A(Fp—)]

Fp, Ff : Thermal flows
Fp=(p.Cp),.Qp  Ff=(p.Cp);.Qf



SAING®
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VERTOLAY
VITRY sur SEINE
ARAMON
MONTPELLIER
KOLN

ELBEUF

Training of staff: Transfer of Know How



CONVEXITY of HEAT EXCHANGER

Non linear behavior
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VIT210809a - Pente de refroidissement Mullin ordre 2.5 de 70°C a 20°C

A i 5 o
Températurse equivalent a une rampe de 10°C/h Pulssancs frolds (FTr)
BO°C 4%
+ 40%
EL g
T 35%
&0°C
0%
=re T 23%
an'c T 20%
T 15%
c
+ 10%
P
T 5%
10°C + T T T T T T 0%
0°10 secandes 00710 saCondes 1000710 secondes 150010 seCandes 200010 BeCons 2500710 s2condes F000°10 secandes

m—— Consigne température masse = Tamperature masse m—Temperature DE = Juverture de la vanne de froid
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Conclusion

Dissemination ? : where Is the problem?:

Tihe technical and economic efficiency off = PEC
IS clearly demonstrated on many. different
PrOCESSES

TEACHING PEC:
Continuous education of::
Tieachers of technical schools
Industrial” operators

Implementation of PEC in all new PLLC’s is to be
continued



