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ABSTRACT

The problem considered in this paper is about the collocation of sensor and actuator for the active control
of sound and vibration. It is well-known that a point collocated sensor-actuator pair offers an unconditional
stability with very high performance when it is used with a direct velocity feedback (DVFB) control, because
the pair has strictly positive real (SPR) property. In order to utilize this SPR characteristics, a matched
piezoelectric sensor and actuator pair is considered, but this pair suffers from the in-plane motion coupling
problem with the out-of-plane motion due to the piezo sensor and actuator interaction. This coupling
phnomenon limits the stability and performance of the matched pair with DVFB control. As a new alternative,
a point sensor and piezoelectric actuator pair is also considered, which provides SPR property in all frequency
range except at the first resonance in very low frequency. This non-SPR resonance could be minimized by

applying a phase lag compensator.
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Fig.1 Point sensor-actuator pair system on a cantilever
beam. (a) Collocated pair. (b) Non-collocated
pair.
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Fig. 2 Sensor-actuator response of a collocated point
sensor-actuator pair system. (a) Frequency
response. {b) Real part and imaginary part. (c)
Polar plot. (d) Pole-zero map.
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Fig.3 Sensor-actuator response of a non-collocated
point sensor-actuator pair system. (a) Frequency
response. (b) Real part and imaginary part. (c)
Polar plot. (d) Pole-zero map.
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Fig. 5 Matched distributed sensor-actuator pair system
on a cantilever beam.

t< R

i e

Piezosensor

dF-HEo] Ho|Ee o, Ho] Rag
FAAME & HFolE g 7] we} He}
HYEHEA 1o v gste 28 doh

G AFoolElE WY (out-of-plane) W3 B
ol Ay (in-plane) Ao|Wd c2x HE 7|3
S AFIEEZ B ZAolide] BMPE g & olule
27} Zo] EAAC®

2
g=L u~hm@)=@+ Ak (10)
Ox ox /) ox ox?

ANA w, w & p T B P WY, F

- 781 -



sy w9, oz AMZ RE R FHE7
A8 A-E 4z £33t} F, ojA HHAAY
AA & &8 (charge output) S FHEF AHsE
g B oz} Yo BT HIEH] HEE T
Aol 74 B, g,,(0=4,0+q0), 7t BFE 2
olt}.

ol ggF HaEY 4. (n & FYLF A3t
29 4@¢) © ot o] g zEEH.

qo(t)='e]lh.f¢n y[s(x y)
(1)

a0=eL, ['SCr )a“("’)

A7NA g, €& FAET, L& FAAMY & 2
I Sy T FHAXY %"?}@Ti’ﬂ o]
A At sfxjolB R | o]t

A, XE AA.-QFoo)E FE FHR A
289 ALGFF, F AFdoleg 7R Ay
(voltage) ¥, o ©id AAMe HAF{FEH (current
E B&7 2ol drh
Gmul=io/I/3+ii/’/3=Go+Gi’ (12)

o G o ¢ £ A% e % AULT o
@ ALYS oltk Fig 59 wol YgSE AeE

output) 7,

S0 U@ FRs SYYFES dae] AT
¢ A2 94 o3 go) 47 gHY < At
L Cjo) &AM (4, (%)= ¢,(x)]
Goljo)= Joy o it )+ 3 00,0]
13)
o geye L[vemaT
GUar=-joy o T oy 12 coa]
A7IN  AM, = M(x,)6,00)-M()0,(x)  ©13L,

C,, CT 44 AFE°Y, y R yE 4% 3¥
9 Zdoldtd Ry ol

A, Ha2)el o0& wXE AAM-YFo)elF
#e W 2 "Helgs FUlle 50 dAEHY
(coupled motion) YENFA H o] Fig. 6 -\—]- e A
M-BFdolE] $HE HolA ok F, HIYLF
o] AujAQl A F oA SPR EAE woly W
WEEol AujyQl FEFHrE SPR Aol A}
g4 gt ojAe 4 (13 FEE A AE 4
W5 Aol disl 180° o A3AE 7HA

7] W&ol
agrz vxd 22X AA-gFoo)EgE

DVFB AojA] wl-¢ 2 Fj=d o]5& HEAZ

F A 8o

S
§
I
3
[
!
g
—

(a) ()

'

) m ‘c

1 03] =

- —

a 1, 3

| -

R BE R S e — g T
(<) @

Fig. 6 Sensor-actuator response of a matched
piezoelectric sensor-actuator pair system. (a)
Frequency response. (b) Real part and imaginary
part. (c) Polar plot. (d) Pole-zero map with root-
locus plot.
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Fig. 8 Sensor-actuator response of a point sensor and
piezoelectric actuator pair system. (a) Frequency
response. (b) Real part and imaginary part. (c)
Polar plot. (d) Pole-zero map.
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