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State space representation of the
system:

X = AX + Bu
y=0X

A(-) - state matrix, B(-) - input matrix, C(-) - output matrix,
u(+) - input vector (piezoelectric actuator voltage),
y(-) - output vector (piezoelectric sensor voltage),
X (-) - state vector (plate X, + fluid X_).
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Plate state-space vector: X :(q'l wiqr .. g quN)

Ay O o 0
a0 Am o0
0 0 - Ay,

with:

—2Cpwr  —wg

wy, - frequency of the k** mode
(i - damping of the £** mode
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Bp = (bp1707 ot bpk-,707 ey pr70)T Cp = (07 cpw Y 07 cpk,? ot 07 CPN)

with: with:

202 1 K. Zc2
by, = K (Y7, (ya2) — xq/k(yal))/ Zj, (2)drn = -G (Y], (ye2) = K;'k(ycl))/z ) Zj, (2)d
Zal c

’ ’ Ya2 Ye2
+K5(Z;, (2a2) = Zj, (2a1)) » Yi, (y)dy + (%), (2e2) — 2, (zc1)) Yi, (y)dy
Ya ) Yel
K, = Ky(plate,piezo) K. = K.(plate,piezo)
C, capacity of the charge amplifier
(Ya1, za1); (Ya2, 2Za2) actuator corners (Ye1, 2e1), (Ye2, 2c2) SENSOr corners
coordinates coordinates
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¢ - velocity potential
Laplace equation for (x,y, z,t) € (0,a) x (0,b) x (0,h) x (0,00):

A¢p =0

Linearised equation of fluid motion:
09
ot

where p = pression, p = density and Cy = external horizontal acceleration

Tank walls boundary conditions:

=0 =Fw=a)= =0 =Lw=1=2=0 =0

+= +g(z— h) — Coz =0

Free surface boundary conditions: (free surface: z = h + &(z, y, t))

% _9¢
ot~ Oz

gf—!—g& Cox =0 withp=20
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Mass - pendulum systems to model liquid sloshing

1
iy

T — awi.
o

L3

@Nln

equivalence of forces and
moments

G = (ya, zc) - liquid gravity
center in steady motion

1 mass - pendulum system to represent liquid sloshing.
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Plate movement influence on the liquid sloshing

Complete representation of the tank with liquid:

. =26\ /¢ =i/t _1
X. = \/?\/: \0/: Xt < Oll> Ka(ApXp + Bpu)
I
where: K¢ = (Yl(yg)Zl(zg) 0)
Liquid sloshing influence on the plate movement

Complete representation of the plate:

{ X, = A, X, + Byu+ Bpena X
y=CpXp

where: Bpena = <bp6"d>
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State - space vector:

X = (Xp Xz)T:((q'l wigq1) (%1 w1z21))T
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Imposibility to build a perfect model
<= Amplitude and frequency discrepancy
= Model matching.

Tuning of A, B,, C}, matrices;
Feedforeward matrix D, # 0.
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Bode Diagram
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Bode Diagram
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Bode Diagram
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High voltage amplifier +100V;
Charge amplifier 2635 from Brier & Kjaer;
DSpace card NI BNC-2110.

Equipped Structure

i | Piezoelectric Plﬁf& Piezoelectric :
Sensor Actuator .
Tank
Charge DSpace Card High Voltage
Amplifier + = Amplifier
Computer
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X, € R and X, € R%;
H (s) roll-off filter.

w | System
. ‘ 1(8) Linl y ‘
i out. 21 i
U n2 : z
| H(s)—221"
y
K(s)
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Robust Control Toolbox and HIFOO algorithm:
X, e R?and X, € R%;
NO filters;
Suitable actuator limits.
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Robust Control Toolbox and HIFOO algorithm:
X, e R?and X, € R%;
NO filters;
Suitable actuator limits.

10*

= HIFOO better than Robust Control Toolbox
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Comparison between a 4" order and a 1% order controller.
Same H - infinity performance for controller order > 4.

HIFOO comparison
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Comparison between a 4" order and a 1% order controller.
Same H - infinity performance for controller order > 4.

HIFOO comparison

openioop.
HIFOO 0.7 - 1 order
HIFOO 0.7 - 4 or

10 ‘

1%t order HIFOO controller.
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Three different filling levels for the tank: 90%, 70% and 50% filled.
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First order HIFOO controller:
X, e R%and X, € R%
Flexion and torsion mode attenuation.
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HIFOO calculated for tank 90% filled tested on tank 50% filled.

Tank 509% filed

Conclusion: NOT robust enough.
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HIFOO simultaneous 0.9
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HIFOO simultaneous 0.7

open loop
IFOO simultaneous
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HIFOO simultaneous 0.5
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open loop
IFOO simultaneous
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Analytical model of the total system (plate + liquid + coupling);
Model matching;

Robust controller using Robust control Toolbox and HIFOO
library;

HIFOO first order controller;
Simultaneous HIFOO controller.
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