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ABSTRACT

This paper reports active control of clamped beams using acceleration feedback controllers (AF).
The equations of motion of clamped beam under force and moment pairs were derived and the
equations of AF controllers were formulated. The effect of the parameters - gain and damping ratio
- of the AF controllers on the open loop transfer function was investigated mainly in terms of the
system stability. Increasing the gain of the AF controller tuned at a mode, the magnitude of the
open loop transfer function is increased at all frequencies. The increase of the damping ratio of the
AF controller leads to decrease the magnitude of the open loop transfer function and modifies its
phase characteristics to be more stable. Three AF controllers connected in parallel were then
proposed. Each AF controller is tuned at the 2nd, 3rd and 4th modes, respectively. Their parameters
were determined to remain the system to be stable based on the results of the parametric study. A

significant reduction in vibration at the 3 modes can be obtained.
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Fig. 1 A clamped beam subjected to a external force
and a moment pair
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Table 1 Mechanical properties of the beam

Parameters Symbol Unit Values
Young's modulus E GPa 60
Density P kg/m? 2800
Loss factor n 0.0015
Length L m 0.5
Width b m 0.03
Thickness h m 0.002

Inertance (dB ref. lrnl(szN))

10° 10°

Frequency (Hz)

Fig. 2 Calculated inertance at 0.8L of the clamped
beam which is excited by a force at 0.2L
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Fig. 3 Block diagram for active feedback control us-
ing AF controller
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Fig. 4 Variation of the open loop transfer function
of active vibration control systems at 0.8L
with the feedback gain of AF controllers
with a sensor/moment actuator pair. The AF
controllers are tuned at the second mode
with the damping ratio of 5x107

ro
H
B
0jo

gedol A= Alsle] Z7hgl et Ao} ol F7)
FAow weE o9 Fug ddele AT
1ol 9%

=
I AGETY Aol £180°F wxlE £ glomE

AL ol 3 Agety S 7]
7} 5oJuA ") o]Ae FxE SHES AoA
gju] Ao & AXA v

Fig. 55 22k 2= Ao]7]9 AQlS 5x1070&
IA F ZAARE 5x10°, 1x10°, 5x10° 28l
1x10" 0.2 WA W 0.8L A BEF
FAAA R NFE AL FHolth 7aH| g
7kl et g REe] digshe ANFE Y

I

%
E O
-5+
-10-
—1‘0 —5 6 5 10 1% 2b 2‘5 Sb
Real
(a) ¢=5x10(solid line)
and (,=1x107(dash-dotted line)
Al
0.5
%
E O
-0.5
A+

1 1.5 2 2.5 3
Real

(b) ¢=5x10"(solid line)
and (.=1x10"'(dash-dotted line)

Fig. 5 Variation of the open loop transfer function
of active vibration control systems at 0.8L
with the feedback damping ratio of AF con-
trollers with a sensor/moment actuator pair.
The AF controllers are tuned at the second
mode with the gain of 5x10™

Ns3sts|=28&/41204 Al 125, 201083/1195



AAFFEN AN EARS
0.3
0.2
01} z
& o g
E $
-0} ]
02 =
-03f
02 0 02 o4 0.6 0.8
Real Frequency (Hz)
(a) g=5x107(solid line) Fig. 7 Effect of the gain of open loop transfer func-
and g=1x10" (dash dotted lme) tion of AF controller which is tuned at the
S ‘ B ‘ 4th mode. The damping ratio was fixed
5x10™ and each gain was 5x107(solid line),
y 1x10™*(dash-dotted line), 5x10*(dashed line)
1 and 1x107(dotted line)
o
E
Bl Aoj7lol A wEE ARl FF} LT 5HS B
01731 9lck ARlo] 7kgtel W} 1A AFE A
- - ek ouke) 2707 AL Al Z42 s A
S Rl E ag el gwel 2 Slee Al Fig
(b) g=5x10"(solid line) 7% Fotel EAF 4 vk i Al2Re SHEe
and g=1x10"(dash-dotted line) REEHANS Eslo Yehla o) Z47te] Res
Fig. 6 Variation of the open loop transfer function B3 & 43 RE9] SuukS Aojrlo o3 &
of active vibration control systems at 0.8L o gAe 4 gl oln] 43 mtd] BEdg
with the feedback gain of AF controllers ol v el = ol A =
with a sensor/moment actuator pair. The AF Alet7] & 5‘7_]‘“ AL S71= <l ?jxﬂ —"tgr
controllers are tuned at the fourth mode with = WHIA S7FeHAl At A= REFHS &3
the damping ratio of 5x107 Alz"lo] Sk FHA 42} B Ao]7]9] o)
Ao veptA He slojth nhebd g
gharo] ook g7y Zojsgin) webd uAE A RE Aolrle] gk A9 FtdAgE [A Fu
2 sl gk Bl A AsE S el 2 gl ekl S ol
o WA e otk B (—150)& FHe ol ARE AEFAME 42 wE kel 91
2 3k w9 el EAshe AFE dAgss Sl 001800 UEhuar vk oA 24k RE
S 47k OIS oA Aol AFel o o FYE Al AEH ATL AR
B Fxo WES APAIE Ao o] ¥ uehA g daolth o] AL Fig 8% Fako] of
oA & AL ugth weld uAE AQ = M F Atk Fig 8@ FUE 7R SHO
71 slolAl Zu7E S7kski e BEo AR th oA FEEe] AR 54t FEe 7
T OAGSE SHe Av)E FojEA "k Wb, =9 AFEE F 4z RERRS AojsiEa gtk
g UEL AL & e HES Yol Fig sb)E 4% B Aol7] gRel Avlel 4%}
A A, neol g A7I7F 7 AA vehdar ik 43}
Fig. 6& 42k B= Ao}7]9] 7RJHE 5x10°02 REE FHOR AFd} go AT 479 &+
a2 F OAQE 5x107, 1x107, 5x10* aEla & Hola glrh whd uFsh ol FAT A E
1x10°02 WIANZAE W 08L XA A Hola Slth WA AFZF A9 S dHe 7)E¥
FuAAue NFE ARPE SHelh 22 BE  MRF GBS Wrhs AL & & Uk acks
1196/et=282 5S35 =2 8/4120 ¥ A 12 5, 20104



[} ~ -3
=] =) =]

Magnitude (dB, ref. 1m/s?)
- [5])
o o

10° 10° 10*

Frequency

(a) Plant response

Magnitude (dB, ref. 1)

-130

-140

10° 10° 10

Frequency
(b) Controller response

Fig. 8 Plant response of a clamped-clamped beam
with a sensor/moment actuator pair at 0.8L
and the response of the 4th mode tuned AF
controller
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