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Introduction
[

Motion system description

m Motivation
m System description in frequency domain
G G
G(s) = 7 + & +Go+ Guls). seC. (1)
S —_————

Giex ()

Definition

For the system described by the transfer function (1), we define the
compliance function by the following limit:

Go = lim (G(s) -2 > . )
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Mathematical modeling
€000

Cauchy problem

Let X and U be an infinite dimensional Hilbert space. The general
damped model to be considered is described as:

() + dAgi(t) + Aow(t) = Bu(t), (4)
w(0)=0, w(0)=0,

where Aj : D(A4p) € X — X be a self-adjoint, non-negative operator
with a compact resolvent. B: U — X.
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Let X and U be an infinite dimensional Hilbert space. The general
damped model to be considered is described as:

() + dAgi(t) + Aow(t) = Bu(t), (4)
w(0) =0, w(0)=0,

where Aj : D(A4p) € X — X be a self-adjoint, non-negative operator
with a compact resolvent. B: U — X.

2(1) = [_?40 _d’AJ 2(0) + [ p } u(t),

Ao

where z = [#] € Z := D(AZ) x X and D(Ay) = D(Ao) x D(A?).
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Mathematical modeling
0000

Time domain approach

X:Span{@h@Za@Sa”' 790!7-4-17"'}'

By taking u(f) = up, t > 0 and the assumed output, the following set
of equations are obtained:

Aowa = 0,

Aowt + dAgws =0,

Aowg + dAgw1 + w2 = By,

Wst(t) + dAowst(t) + Aowst(t) = 0,
wst(0) = —wo, wst(0) = —w1.
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By taking u(f) = up, t > 0 and the assumed output, the following set
of equations are obtained:

Aowa = 0,

Aowt + dAgws =0,

Aowg + dAgw1 + w2 = By,

Wst(t) + dAowst(t) + Aowst(t) = 0,
wst(0) = —wo, wst(0) = —w1.

M >0, ifk>N+1

— ko, with
Ao = Aok, Wi {Ak_o, 1<k<N

where )\ are the eigenvalues of Aj.
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Mathematical modeling
0000

Time domain approach

N 0o
wp=> akpx w1 =0, wo= Y Bkgk,
= k=N11
where (ox. Buo)
k, blUo
ak = (pk, Bup), Bk = @T
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Time domain approach

N 0o
wp=> akpx w1 =0, wo= Y Bkgk,
= k=N11
where (ox. Buo)
k, blUo
ak = (pk, Bup), Bk = 7 »

m Frequency domain approach
The transfer function from u to w of (4) equals

G(s) = (8% + sd Ao + Ao)~'B.

since w(s) = G(S)up and using the orthonormal basis of X,

- — (k. Bup)
w(s) =) (pi,w(S)vk =) Pk
; ; s2 4+ sd)\k + Mk
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Mathematical modeling
0000

Frequency domain approach
By separating the calculation for Ax = 0 and A\ > 0, we have:

N [eS)
w(s) = (prwhok+ Y (vk,w)ex
k=0 K=N+1
N <pk BU bk
-y fedl, 5 [ B,
k=0 K=N+1 Mk, Hk,2
Hence
N
Goto = » _(k, Bo)d, Gi =0,
k=0

Golp = Pk-

S LB 5 (o B

k1 k2 Ak

k=N-+1 k=N-+1
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Mathematical modeling
©00

Boundary control problem
Let’s consider:

H(t) + dAD(t) + Aw(t) =0, w(0)=0,w(0)=0, (5)
Bow(t) = 0,
Bew(t) = u(t).
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©00

Boundary control problem
Let’s consider:

H(t) + dAD(t) + Aw(t) =0, w(0)=0,w(0)=0, (5)
Bow(t) = 0,
Bew(t) = u(t).

Ag = A, D(A) = {z e D(A) | Boz=0and B.z = 0}.

Let's define B € L(U, X) such thatforallu € U, Bu € D(A), the
operator AB is an element of £(U, X) and,

BoBu =0, and B.Bu = u.

(z, AX)x = (Aoz,X)x — (Qz, Bcx)y, X € D(A)NkerBy,z e D(Ap),
where Q is a linear operator from D(.A) to U.
v(t) + dAov(t) + Aov(t) = —Bu(t) — dABu(t) — ABu(t), (6)
v(0) =e — Bup, v(0) = —Buyp.
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Mathematical modeling
000

Time domain approach

Awg = 0,

Awy + dAws = 0,

Awg + dAwq +ws =0,

Wst(t) + dAws (1) + Awg(t) = 0,

wst(0) = € —wp, wer(0) = —wy.

Bowz = 0, Bowi =0, Bowg =0, Byws =0,
Bch - O, Bcw*] - 0, Bc(JJO - U(), 60Wst - 0

Theorem

N 0o
wp = akpk w1 =0, wo= Y Bkpk,
pa K=N-+1
Qypk, Uo)u
ak = (Uo, Qek)u, Bk = %
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Mathematical modeling
00e

Frequency domain approach
The transfer function from v to w equals

G(s) = —(s® + sdAg + Ao) " '(s?B+ d.ABs + AB) + B
N 1 1
= Z [Sd (Qpk; to) + <QSDkaUO>} O+
=0

o0
duk +1 1 duko +1 1
> {meuo)( fad | e Pk-
KN Kk2 — KUkt S — Hk1 k2 — Hk1 S — [k2
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Mathematical modeling
00e

Frequency domain approach
The transfer function from v to w equals

G(s) = —(s® + sdAg + Ao)~'(s?B+ d.ABs + AB) + B.
N 1 1
w(s) =D |5 d(Qpx, to) + 5 (Qpx, o) | ext

o0
dpk,1 + 1 1 duko+ 1 1

> {(meuo) ( Fht + k2 )] Pk-
Kk2 — KUkt S — Hk1 k2 — Hk1 S — [k2

K=N-+1
Hence
N
Golp = Z(ka, uo)pk, Giup = dGauy,
k=1
- <O<pk’ U0>
Goly = —
oo = NPk
K=N-+1
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Numerical case studies
©00

One-dimensional Wave equation

o Py P
o2 Ox2 otox2’

Ow Ow

5(07 t)—oa 5(170 Up
W(X,0+):0, %(XvoJr):Oa

m Time domain approach
Wy = 0
Aogw2 =0, — wg(X) = —Up, wO(X) = —U()X?2 + Cs.
Awg + w2 =0,
m Extra condition wg(x,0") = —wo(X)
So wy lies in the stable part of system
f01 wst(t = 0)dx = f01 —wo(x)dx = 0, — wo(X) = Fup(—1+3x3).
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Numerical case studies
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Wave equation-Time domain approach
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Numerical case studies
00®

Wave equation-Frequency domain approach

2
SPW(s, x) = (ds+1)%(j’x)7
dWO(;, 0 _, dWéj, Ny )
(6) = \/@cosh(\/{i’:fds)7
ssinh(—22)
Forallse Q= {se(C|s;£ ”’kz’fzik“;/m,i_1,2,k_o,1,2,.~}.
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Numerical case studies
00®

Wave equation-Frequency domain approach

2
SQW(S,X):(ds+1)%(2S’X)7
oy e,
(6) = \/@cosh(\/%)7
ssinh(—22)
ForallseQ_{s€C|s;£ ”’kz’fzik“;/m,i_1,2,k_o,1,2,.~}.

Go(x) = lim (s2G(s)) =1,

s—0
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Numerical case studies
000

Kirchhoff plate model

phis + kT [Dlkw + cq kT [D]w =0, (X,y) € Q x [0,00)
S~—— ~——

m where

S.Fatemeh Sharifi University of Twente Low order approximation of flexible structures. August 4, 2021 14/20



Numerical case studies
000

Kirchhoff plate model-Time domain approach

K,T[D]ng =0,
%" [D]kwy + dr![D]kwe = 0,
#T[D]kwo + wp = 0,
Wst(t) + g [D)kws(t) + kT [D]sws(t) = 0,
wst(0) = € —wo, ws(0) =0.

m Boundary control problem
Ao = k"[D]x  with D(Ap) = D(A) NkerB.

m Buis defined by Bu = b(x, y)up where b(x, y) is a function and
is contained in the domain of A with BBug = ug Vup € R and
AB = |.

Aowo + wo = Uo]lQ(X,y).

A2B(x,y)=1.
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Kirchhoff plate model-numerical solution

Inertia function wo
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N_umerical simulation is performed by Daniel Veldman, a graduate PhD student from
Eindhoven University of technology, The Netherlands.
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Numerical case studies
00

Kirchhoff plate model-numerical solution
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1 Numerical simulation is performed by Daniel Veldman, a graduate PhD student from
Eindhoven University of technology, The Netherlands.
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Conclusion
°

Conclusion

Conclusion

m A general abstract formulation for the mechanical flexible system
is studied at low frequency.

m The low order approximation is investigated for the boundary
control systems.

m Numerical solution for the compliance function of the Kirchhoff
plate is studied.
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Publications and Secondments

Publications

m "Time domain approach toward the calculation of the
compliance function of flexible motion systems " presented
at 21st IFAC World Congress, Germany, July 11-17, 2020.

m "Linear-time-varying feedforward control for
position-dependent flexible structures” presented virtually at
European Control Conference (ECC 2020), 12-15 May, 2020.

m “Compliance feedforward of flexible structures” presented at
the 38th Benelux Meeting on Systems and Control, Lommel,
Belgium, 19 — 21 March, 2019.
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My future next journey

S.Fatemeh Sharifi University of Twente Low order approximation of flexible structures. August 4, 2021



Publications
00

Thank You !

arifi University of Twente w order approximation of flexible



	Introduction
	Mathematical modeling
	Cauchy Problem
	Boundary Control Problem

	Numerical case studies
	One-dimensional Wave equation
	Kirchhoff plate model

	Conclusion
	Publications



