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Linearized Modeling Technique for Complex Dynamic Responses
Using Proper Orthogonal Decomposition
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ABSTRACT

Proper orthogonal decomposition is a

statistical pattern analysis technique for finding the dominant components, called the

proper orthogonal modes, in ensembles of spatially distributed data. We present recent ideas based on proper orthogonal
decomposition (POD) and detailed experiments that yield new perspectives into the microscale structures. The linearized modeling
technique based on POD is very useful to show the principal characteristics of the complex dynamic responses.

=

—

A

2 g A 3L B = (POM: proper orthogonal mode)=

2]
A& EAL o8] 7R Bas Ba #ako] AANH
Aol dAel A 8 2 A(principal component)S &
PHo7 FET £ A & F= H]—m[l]oi B
& dubAel FxA|~E B oolE AFM 5 M| A
Azl 53 PeEdt SgARYE BaEa Q)

Kerschen %[2] & A3} vy Fulo] FxA~

e e slo] H%—g],ﬂou:] Azeez 0[1] o 7)

dejule] Biko] Agate F2o] o8 wAsHs
B A% saAe 4@ 7H4 POD == 343k
AskE BelFQIth E Li T3 AFM TR 1o
Rae 2ge wEae ﬂE 574 POM 2.2

574 (identification)sl= A+E 33T

aEt AFM wlolazd v el 2o WA

ol A WM AgYel @ BHF AEAY
o F8 Aol BF wmHe vEdda & 5 9
o 53 POD WS Bl BHW mAY $7
ou¥E FoHRS FEHL NG e w9
G 71gel BE ATE B4d ndS sl
F8 54 BN A4S Ade] A% R o
Aol et @ 4

WebA # AT Az AA] o §5E AFM vl

« (Corresponding Author)
PR LS P
E-mail : leesooil@uos.ac.kr

w At e 7 A S F eI}

156

Azde s el HAddg
5= (proper orthogonal mode)E FE3}1, BE=
Aol W& MAC(modal assurance criterion)at H| X E

Salol 33 mmol B4 mug Amstgch

o Lo
o H =

||\

034_,

sho] a0 H g

=

jin

(3|
=

o

B35 2 )

s
2 Fig. 1 7 22 AFM mlo] =270
sl StAoR 5 ) SAAS HAA
H molmEAE Yy He
AC240TS 2 A QDS Table 1 3 72t}
W gleo] 7] AR 7hxlo] o] Foj uj
dolA FH7]+E &&sted 2+ A
4S =

4S5 Slst
EE LR
33k ol &

Olympus OMCL-
o] wj e
AFM 9] 7]
a2 ARE &

(ol

o
o

fAYa)

=Z
=
4

rQL' o

= Z
=

Measurement

100um
P

Fig. 1 AFM microcantilever in measurement



Table 1 Dimensions and properties of the

microcantilever 10 SR ‘
(a) 1st excitation —Free
Descriptions Nominal values ——HOPG sp120nm
Tip radius (nm) 10 4 ——PDMS sp120nm
Tip height (um) 14 g |
Cantilever thickness (nm) 2.8 é
Cantilever length (um) 240 §
Cantilever width (um) 30
Spring constant (N/m) 1.8
1% resonance freq. (kHz) 70
2" resonance freq. (kHz) 390 108 ‘ ‘ ‘ ‘
0 200 400 600 800 1000
frequency (kHz)
To Deflection ‘ ‘ ‘ ‘
Laser @ Signal ) (b) 2nd excitation ——FREE
] ——HOPG sp100nm j{
Piezo Actuator d=26-L 0 —PDMS sS100nm

From Signal
Excitation PSD
Microcantilever
f=a+0
20=24-2a
Fig. 2 Cantilever deflection and PSD signals.
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Fig. 3 Frequency spectrum of the tip deflection
signals with and without tapping: (a) at the first
resonance; (b) at the second resonance.
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Fig. 4 The POMs at the 1* resonance (excitation at 390
kHz) with tapping on HOPG (red A) and PDMS (black
V), and without tapping (blue e).

Table 2 POVs with respect to the samples and the

resonance.
Excitations and POV (%)
tapping surfaces & ond 3 4t
" FREE | 99.75 | 021 ] 0.03| 001
HOPG | 93.58 | 6.38 | 0.02 | 0.01
resonance
PDMS | 91.71 825] 0.02 | 0.01
ond FREE | 91.56 | 827 | 0.09 | 0.06
HOPG | 85.62 | 14.11 0.19 | 0.05
resonance
PDMS | 84.07 | 15.75 | 0.07 | 0.06
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Fig. 5 The POMs at the 2™ resonance (excitation at 390
kHz) with tapping on HOPG (red A) and PDMS (black
V), and without tapping (bluc e).
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(a) HOPG

(b) PDMS

POM on HOPG POM on PDMS

Fig. 6 MAC with respect to the samples at the 1%
resonance: (a) HOPG, (b) PDMS.

(a) HOPG (b) PDMS

POMon PDMS

POM on HOPG

Fig. 7 MAC with respect to the samples at the 2™
resonance: (a) HOPG, (b) PDMS.
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