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Autoclave curing process
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‘ Problem statement '

Find the optimal boundary control trajectory in order to:
e complete the cure in minimum time,
e limit temperature gradients (functional constraints),

e ensure an inside out cure (optimal behaviour).
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Existent approaches I

— Pontryagin’s maximum principle [Nagendra and Loos, 1988].
— Expert control [LeClair and Abrams, 1988].

— Heuristic approach with a predictive strategy [Pillai and al, 1996].
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‘ Spatial domains I
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Nonlinear DPS with boundary control'

o°T

pecy, T = ki5= (Center and top parts)

pccpCT = kC% —- pcAHrAe_‘% a™
G = Ae_%ozm(l —a)”

with the initial conditions:
T(z,0) =Ty (Center and top parts)
a(z,0) =0 (Center part)

with the two boundary conditions:

T(t, + ts,t) = Ty(t)

8L(0,t) =0

(1—a)"

(Center part)
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/ Model based Predictive Control strategy :I
‘constrained optimization problem.'

p = (Ta(k)..Ta(k + N. — 1))7

j=k+N,

Ty — 1
min J(0) =35 X o

N, : control horizon,

N, : prediction horizon,

nco : number of constraints.

ci(p) <0 (i€l ={1—nco}) ex: T(t.,t)—T(0,t) < AT(t)
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‘Unconstrained resolution method'

— Transformation law :

Searching for the constrained variable T, such
that :

Ta.min S Ta S Ta.max (1)

becomes searching for the unconstrained
variable 6, such that:

Ta max Ta man Ta.maac — Ta.min
T, = — —2|- : -+ 5 x tanh(0,)

— Exterior penalty method :

From the constrained problem :

min J(z) with: ¢;(z) <0 (i € I ={1 — nco}) (3)

T

we introduce an exterior penalty term J..;:

1=nco

Jeat(ci(z)) = B maz®(0,ci(x)) (4)
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/ ‘Exterior penalty term example'

From :

~

we get :
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‘ Resolution : I
unconstrained optimization problem:'

"

= (0a(K)-.00(k + N, — 1))7
(Pu) 4

mp@n Jtot (]5) = J(i’) + Pext Jeazt (Ci (ﬁ))
\
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Determination of the sequence p at each sampling
period k:

— Resolution of the model (NL PDE) and the
sensitivities model (NL PDE) over the

receding horizon for each p°.

— Levenberg-Marquardt’s algorithm :
~i ~7 2 4 — )
p = p' = (V Jior + AI) 1VJtot (6)

— End of calculation when:
— a possible optimal solution is found,

— the external constraints are weekly

violated.
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Results with N, =1,
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Results with N, =1, N, = 25
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‘Results with N. =1, N, = 5'
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\ Conclusions i
.|

1. Method easily implementable to many
process.

2. Difficulties to define the constraints:
multidisciplinary approach (accurated
model).

‘ Perspectives I

Trajectory tracking problem:
— feasibility problem,

— theoretical stability of the closed loop
system,

— real time control.
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