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Micromirrors Applications
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M| echanical . The frequency of the torsional mode is 29271 Hz | EXtremely efficient reduced
S | ystems + The quality factor has been set to Q = 1000 order model able to span the
. « Only geometric nonlinearities are considered main design parameters
a . L ™
@ Finite Element Model MD+CD+KD+G(D,D) + H(D,D,D) =F(D,B, w,t)
« The device geometry is discretised and D nodal displacement vector H vector rel_at_ed to 3° order monomial
solved with Finite Element Method (FEM) F nodal force vector p load m“'lt'fp“ef f
« Harmonic balance method is used to ?%?f;;}aégfnpmg Matrix ‘;’tir?])gema oreing frequency
create reference Frequency response FEM # of degrees of freedom (dofs) K Stiffness matrix F = fM¢;cos(wt)
Functions (FRF) N, =9732 G vector related to 2° order monomial
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High Fidelity Snapshots POD-Galerkin Exact projection of Geometric nonlinearities [5]
J
 Solutions of the FEM for certain ¢, 5, w POD & POD ¢ POD POD (), POD(, N, 1) — EPOD(N, 2, /)
« 2000 snapshots collected — 40 frequencies - 8 = 2,5uN MEPQ+ QA+ KPRQ + 6@ Q) + HFHQ 00 Q) = FEEH(Q v )
21 I | | 843'0 ROM |
% N Proper Orthogonal decomposition (POM) ol e
@ Proper Orthogonal Modes generates a ROM by projecting the FEM the 0
POMs subspace o B-15
« Since only polynomial nonlinearities are g .| B0
iInvolved all the operators are projected, thus \\
we do not need the FEM system to solve the o 2 \\
ROM | S
0.1832 0.1834 0.1836 y [:.)aldB/?;fs] 0.184 0.1842 0.1844
Q= POD subspace coordinate vector ~ CPOP = yTcv H%P = hi37Q;0x0Q
NPODNz dimension of the POD-ROM=9 Kl;?)]'; =VIKV glPJ%D: Gi(V, Vi)
D=y"Pop .. FPOD = VTF POD_ 17 (17
POD _ T 1y POD _ _POD hine = Hi(Vj, Vi, Vi)
MPOD = yT My G 7" = giji QjQk
N /
e Singular Value Decomposition is used to process the
Snapshots POD' ROM SnapShOtS
« As results we get V Proper Orthogonal Modes (POMSs) « Solutions given by the POD-ROM for t, 8, w
matrix used in the Reduced Oder Model (ROM) 17 500 training snapshots — 175 frequencies on 5 load multiplier values g = 1,1.5, 2, 2.5, 3
. 9 bases are kept in the model )= 17500 verify snapshots — 175 frequencies on 5 load multiplier values § = 1,1.5, 2, 2.5, 3
@ POD-DLROM - offline training (6-7] A @ Results of multistep-POD-DLROMIg] N
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POD-ROM Snaphots — 7" “Q(t, w,B) —Q(t, w,ﬁ)”

Q(t, w,B)
I 1 (t,,B) b DENN ™= Uy (t,,5) F==b Decoder mm Q(t,, ) m=b|D(t,w,$)=VQ
Q(t, w,8)
Encoder I  In the online stage only the DFNN and
the decoder are used
1 Decoder  For given (t, w, f) the method provides

a displacement field D

Unn (t, @, B) « Good to excellent accuracy is reached
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3
(t,w, ) |==» Deep Feedforward NN messp| Uy (t, w, ) < 6"
(DFNN)
4 [
2r
, 0184  0.1842 T
* The POD are used to train the POD-DLROM Neural Network (NN) 3 ’ 01834  0-1836 0.1838 ' 0.1834 0.1836 ?_131;8 | 0.184 0.1842
. . . . ‘ w fradjps,
 The encoder nonlinearly further reduces the system to an intrinsic w ' PODDLROM PODROM - FEM
coordinate Uyy (t,w,B)
« The DFNN for given (t,w,f) is trained to give the same Uy (t,w,f) # Instances TrEM T'rop-rom | Trop-DLROM Trem Tpop
* The decoder nonlinearly reconstructs from Uy (t,w,B) to T'pop-pLrom | TPoD-DLROM
\_ Qtwp) - \ 60 360 300 |494 days |7,05 hours |118 sec 3,6 105 2,15 102 /
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