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Bz BB EEES T (Experimental Modal
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REKRBGEHE HEEE KB, (Frequency
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77 (Modal parameter estimation method) » K&
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H 5w 047 B A TR 7T R BB 47 £ BITE 28 . B ok
LS o Wang [7] 2 BUHEE SR S E 4%
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HEHEERY > HERTEAEEREEST
£ - Wang and Wang [8] HIFE#HHERSH
MR B BB NEES MR
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33 B A A0 3 28 7 AR RE SR AY TT AT M 44T
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(Sensor) ECESEEREIFRESZE (Actuator) » 1L
BXIREBIFERONT  BehEINsEHS
B - #REG 9 BHEARXREBEELS >
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& RAEERFAERCHEEB I EEEET R
FELt » FREALEMDEIE [14] - 36 5 LB 25 4
M EREERE S EEFLE  BREYE
gﬁzyﬁygﬁgﬁﬁzyﬁﬂx MAC (Modal Assurance
Criterion) E2 MSF (Modal Scale Factor) [1,15] »
LIt B b s SR A 2 2= B LIRS EM
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R

AMEEBREETIHERZAREERRE—
BsE8 A A FLUASEER B # I7 Figin
(Fourier transform) & H MK (Leakage) Z1F
a4 » HEMMAERE (Weighting function)
DA Az di » BRI A E By B ) Be B Bl BR
T RRFE L5 3D Transient B2 Exponential i
HEHE -

- R ER R

AETG ARG ERIFRE - 81
HREBERECBE  BRERIRE  HEL
25 DIRIRE B - HpiRIE (0 k5
SHEGBEEFEIRAE Z MAC (Modal Assurance
Criterion) ~ MSF (Modal Scale Factor) -

R MR E MR AR - R2HIBE
B ZHEEE  RIER 1 HR 2 ZEIRAAR
ME RSN A TTREERBERKIRE -
FHELLMEEE S 0.01 » DURBA(13) 2 HEmEE

®1 BXRZIHEHEE

M F ]
EE (L) 0.38m
BE (L) 0.3m
B (t,) 0.002m
EBE (p) 7870kg/m’
15 RARBUE) 2.07 X 10° N/m’
ML (V) 0.292

R2 BERIMENTE

H H R
EE () 38mm
g () 19mm
B (1) 1.905mm
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BE (p,) 7650kg/m’
ikl (v) 0.28
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SRR KRB BEREERKE (Transfer FRF) &
FEIR AR B EE B (Point FRF) » M3 W B &
HEL HAHBEBREESBVER BRZE
REEHALFEHRHEEZZEBE  SEEHE
PMBECHREETN LA E  BEAFBRAE
RAZPARIMERGEHEHS 80dB > MEFE
ERBEROVMCERETHEGELES
140dB - Fr AR B EAAR RS B EREMIERE
FERE - MEGERE FHER PSR T E &
W U ER EREENLGEL ) FEEHR
REEFAEEHEACZEY 5523 —BEH
LEIHSE (60Hz) I EmMEs - HEFTEY
HIREMELE » FIUESR &R A FBEey
GHEM BN - T Synthesize PR FHEFE
AT ERRE - AR S BRERE N SR
ZARFORUKE W H LRI (resonance modes)
TETRHEE  RLMERSBTE 60Hz
AR E A MM E SR > S FrEErES
ERIRE FHSHHE > BRERELREL
W KRB EEHEYS -

PZT/Pointforce

PZT I Point force
— 212 e i
1008 ook
ot ] ey
§ wom § ey
H 2
E e g e
—— cowimetal ——  expuimentsl
wes ot ) rthosze bt A R nrihesize
—e = theontical
10084 T - haand Y
o 20000 nm 0 “m aom 2000 ano0 «m woace
Frequency (Hz) Frequency (Hz)
(a)

B 4 BF B 00 G 43 AT 4G SR 2 4 K A2 E R L
(@)i=21,7=2;(b)i=21,j=21

1M BT B8 - B gt P B B S(a) » 5(b) B
FA UL [ T DU 7 7 6 4R B o B A S L B g

PZT / Point force

PZT 1 Point force

HERBERE - FERRSER IR T
ZJn T R B A R A B AR, » B 8E 2 o T B
PR EERER | BHTER S AR REE
BREHEZTERE -

42 HREZH R

AT R BT — R YA SR e B
B RHBRRESHRABINRESRCBE
BEREE  HERES - RBREEHZANE
BHARBERBETHILME 3 R > L3 hom
MERERBRETSILPTEL  HB2ES L
FERBEXRRE » HELT B EB RG-S
EEE S ERER - T B R H AR 68 R B
MR RE) S RS WU ERNTNR S & &

#3 HEREERSIATEEERERZBEE L

BREE | REBE (Ho) | HHRE Ho) | BETHHE %)
fi 91.54 87.711608 43647
fo 189.51 188.744605 0.4055
fi2 251.65 | 249.813438 0.7352
Sz 34770 | 350.846434 ~0.8968

R BRI KRG B » Kt ®Es
AT - ERERS 0.01 - HEER LT
LFEBRZEEAHEREHEREL R EBRE
o BEREMEMAL BB  (Exponential
function) Z MK # (weighting function) 3%
& FUBERFESSASEAENERE X
P RILEBAEH SRS EEEET M
FELt - FRUULEMBDETE [14] MEEZ £
Qg 4 Fom o BELETAN (1,1) MEAEZ FE FE HLEE 5%
LEEA > EREHETIE SR oE L=

- i - =21, ez (B R FH B LBk L8 s — AR SR M TR B LG -
N ) #£ 4 HWRAO IR HEEM
£ £
2] £ et | HEiE (%) | [EEMH (%)
- e &1 4.58 4.019
w w Ei.2 0.47 0.199
* meNl:n:(Hz)m = - mmFrequemn:ly(Hz).m’n = &2.[ 055 0346
(a) (b)
© eEn o ooa N £y, 0.77 0.622
B 5B B B 43T S SR B g B B EE 8 (a) '
i=21,j=2;(b)i=21,j=2I
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HRR A3 B B 7 =0 2 T Bl 787 R 90 7 (5] 3
B UGB IZIRESEREZIRY > JRE]
IR A! (displacement mode shape) » HE;2 i5
RANtE 6(a)~6(d) FroR » 43 B A1 PYE R E 2 3
B fHE 6(b)~6(d) AIMEHEER FFRE SR
AREIRE 2 K/ (amplitude) 7B - F 1
FrEt e iRAEEESEME - RISEER L HER
EZIRAMEE - AR ECHEREE2 Y%K -
R (2,2) HEEEERE x Hiaz 1/3 9t
FERLE BAEEEESECHE  REE 4
ZEBOTERBERERER & 357.13Hz &
(G,1) HEFTE > # (2,2) EEEY 350.85Hz 1H

G.D) KEBIREZEZE - §% (2,2) HERLE
AHEE - REZARREERC € BERELD S
HEYE -

HERIRTEHERIRAEC MSF B MAC fEi
Wk S KFE 6 Fim » HIRHFAEL MSF 8 MAC
SR ARAT EEAR 1 M ARZEN
By 0.05 Ki3E - R T HEBIRE S EX 1R 5
HHRRA YIS MRTHRBEHER RS
B (1,1) tHEREL (2,2) #AE7E MSF B2 MAC {#
E52 0.9 4 » HERMEHEREZ MSF 8 MAC {H#}
EAR 0.9 - Hrh MSFELHES L HHSE
BEIZRUSHBIRE - G5 HEKRERM -

EEGT RILTLETE (2,2) MERAWHESE SNSRI TR B IR R U 2 R i
;‘01;57;;5’75 (1.1)77 S - .MODE S;MPE 2,1)
MODE SHAPE {1,2) MODE SHAPE (2,2)
:E:'h e E1
gos l‘ ‘\,‘ . go.s
OO ]
€
B 6 HERZIRA (a) (1,1)HAE ¢ (b) (2, HEEE © (c) (1,284 ; (d) (2.2)HfE
%5 ERIEMHMBENZ MSF
mode (1,1 2,0 (1,2) (2,2)
(1,1) | 0.81152+i 0.125 | —0.041-i 0.3199 0.02145—i 0.083 0.0786—-i 0.14879
(2,1) | 0.01264+i0.0276 | 0.9886—i 0.088 0.0145-i 0.0028 0.0337-i 0.0218
(1.2) | 0.05824-i0.0683 | 0.0124+i 0.0085 | 0.9896+i 0.0274 | —0.0025+i 0.0136
(2,2) | —0.0082+i 0.0431 | —0.0214+i 0.014 | 0.0182—i 0.0512 —0.629+i 0.47365
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R 6 HRIRTMEEGRIRAZ MAC

mode (1,1) 2,1) (1,2) (2,2)
(1,1) 0.65857 0.00167 0.00046 | 0.00618
@2.1) 0.00016 0.97736 0.00021 0.00114
(1,2) 0.00339 0.00015 0.97922 0.000006
(2.,2) 0.000068 0.00046 0.00033 0.3957
O ERERIAB RN SHEHIRR (real E

mode) - NS HHIRE < HER ST RESIHEHK
fE -

AMAERZREB G E LB BRI NSC

i@ 86-2212-E-.020-001 » FRIL B -

A BT Tyt E P T MR 66 36 DA R R X 1 S R E
HREFIREBC ERERAN - LLERSH
MRS - RBEREERANFAELER &
EHEREIEEY - WS RS
DIBRRRHE LA T %@ &S

() BER AR ERER M AR E T SEA S
ZIEE  BRERBEZRESERYWS » HEAR
DTERG ZBREEE A/ » T
LR EES IR G HE -

(2) BRI G T8 Z synthesize 483 2 FE i
80 ERFNIRRE & MR D B R AE £ 1R B B AT
EVE  EEMBREHET  #RER
HIREZE LI - ANGE R 8 LR Il (] 1 e
THFTE 4% &S » synthesize 2 & B 46
B - '

() B B EREBMIER 1> wEEE
BRI RC WS  TTE R 2 5 B K ST B B 1
BB - ERNSER LIRS EIE A 5k
LR/ + T 2 B o R B I

) EHERHEEBR Y B RERRET S
B BRE—(EIREETE 4.4% 4 HEp=(EiE
BHEE 1% DT> TREE MR %E
HEHBERERSERY -

(5) B HEI - B — R E R
S FEZRAE S BEERE A
ANFTER » HLBR B — ARSI AR -

(6) BERIRMERT (1,1) MEHN S B HEH
BETAEMEE (2.2 BEZHEE G.1)
HEEE  EHRUMZE  T#HE MAC B
MSF Z EEBe w3 Rt » i H Heg —
REEHERBEYS -
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THE USE OF PZT CERAMICS AS
SENSORS FOR THE EXPERIMENTAL
MODAL ANALYSIS OF A SIMPLY
SUPPORTED PLATE

/
B. T. Wang®, R.L.Chen"

Department of Mechanical Engineering
National Pingtung University of Science and Technology
Pingtung, Taiwan 91207, R.O.C.

ABSTRACT

This work presents the use of a rectangular shape of
PZT ceramics adhered on the surface of a simply
supported plate as the sensor, while the impact hammer
is applied as the actuator for structural modal testing.
This work first formulates the frequency response
function (FRF) based on the point force excitation and
PZT sensing. The point force actuator eigenfunction
and the PZT sensor eigenfunction can be identified as
the displacement mode shape and the mode shape of
slope difference between PZT edges, respectively. In
particular, the mode shape of slope difference between
PZT edges for the simply supported plate can be shown
to be proportional to the displacement mode shape.
The experiments are then performed on a dual-channel
FFT analyzer. A column of FRF matrix can be
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obtained by roving the impact hammer with the fixed
PZT sensor. A curve-fitting software, LMS CADA-
PC, is used to extract the modal parameters, including
natural frequencies, mode shapes and modal dampings
of the plate. The frequency response functions are
shown to agree well between theoretical and
experimental results. Results also show that modal
parameters can be properly obtained and physically
interpreted with theoretical solutions.  This work,
therefore, demonstrates the feasibility of using PZT
sensor in conjunction with the impact hammer for
structural modal testing and can also be extended to
other structures.

Keywords: PZT ceramics, Simply supported plate,
Modal testing, Modal parameters.
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