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Balanced Design of Resonant Shunted Piezoelectric Vibratin Control

Jan Hggsberg Steen Krenk

Department of Mechanical Engineering, Technical Unitgrsi Denmark
Nils Koppels Allé, building 403, 2800 Kgs. Lyngby, Denmark
jhg@mek.dtu.dk, sk@mek.dtu.dk

ABSTRACT

Shunting of piezoelectric transducers and suitable étegiticuits constitutes an effective pas-
sive approach to resonant vibration damping of structiiest common design concepts for
resonantRk L shunt circuits rely on either maximization of the attairrabiodal damping or
minimization of the frequency response amplitude, see [B].2However, the maximimum
modal damping is sub-optimal near resonance, where it lEadgnstructive interference of
two modes with identical frequency, while frequency resggminimization leads to reduced
implemented damping.

Assuming that the vibrations of the structure are dominaied single mode, the equations
of motion for the series RL electromechanical system caniitéew as, see e.g. [2],

(— w? 4 2iCwaw + (1 + nz)wf) r= KW+ f Q)
(— w? 4 2iCwew + wf)ﬁ =w’r, (2)

wherez is the response amplitudeis the normalized charge, is the natural frequency of the
structure(, is the corresponding structural dampingis the generalized electromechanical
coupling coefficient and), and(, are the frequency and damping ratio of the shunt circuit,
respectively. For the parallel shunt circuit the right sad€2) is replaced byw? + 2i{.w.w)z.

The present paper proposes an explicit fully pole placernaséd design procedure for both
series and paralleRL circuits. The procedure relies on equal modal damping affetigunt
separation of the complex poles to avoid constructive fietence of the two modes. It fol-
lows the procedure explained for the tuned mass damper sndjdeveloped for a family of
resonant control formats in [5]. It leads to the followingpeassions for the series circuit

2

_ 2 _ r
we - (1_._,{)&)37 Ce - 2(1—'—[{2)’ (3)
while for the parallel circuit it gives
We = Ws, Ce = % . (4)

Figure 1 shows (a) the frequency response amplitude of tbetste, (b) the frequency am-
plitude of the control, (c) the root locus trajectories adpthe modal damping ratio. By com-
parison with existing design procedures it is demonstréitatithe present calibration leads to
a balanced compromise between large modal damping andiedéfeesponse reduction with
limited damping effort.



8th European Solid Mechanics Conference, Graz, Austria

(a) 40

x/f

w

0.9 0.95 1

(c) o4
__ 03
3
3 0.2
=

0.1

Relw/ws]

0
0.75 1 1.25

(b) 400

/f

300

2
s

200

100

(VC/0)w

(d) 04

0.3

0.1

C.

Figure 1: Series:L: (a) Response amplitude, (b) voltage amplitude, (c) rociso (d) damp-
ing ratio. Balanced design (——), maximum damping (— — —),imum amplitude {- - - - - ),

fixed point (—- — - =). Design damping rati@g, = 0.02 (x) and 0.04 ¢) in (a,b) and
(. =0...0.2in(c,d).

References

[1] N.W. Hagood and A. von Flotow, Damping of structural \abons with piezoelectric
materials and passive electrical networdairnal of Sound and Vibration, 146:243-268,

[2]

[3]

[4]

[5]

1991.

G. Caruso, A critical analysis of electric shunt cireugmployed in piezoelectric passive
vibration dampingSmart Materials and Structures, 10:1059-1068, 2001.

K. Yamada, H. Matsuhisa, H. Utsuno and K. Sawada, Optintwmng of series and par-
allel LR circuits for passive vibration suppression usimggpelectric elementgournal
of Sound and Vibration, 329:5036-5057, 2010.

S. Krenk, Frequency analysis of the tuned mass dandpermal of Applied Mechanics,

72:936-942, 2005.

S. Krenk, and J. Hagsberg, Equal modal damping formatsefonant vibration control.
Technical University of Denmark, Lyngby, Denmark, 2012.



