VIDEO ARTICLE a' aPEN

Access
Vid. Proc. Adv. Mater., Volume 1, Article ID 200815 (2020)

On the Dynamics of Piezoceramic Multilayered
Bending Actuators

Rudiger G. Ballas'*
Wilhelm Biichner University of Applied Sciences, Darmstadt, D-64295, Germany

*Corresponding and Presenting Author: E-mail: ruediger.ballas@wb-fernstudium.de

DOI: 105185/vpoam-2020-0815

Graphical Abstract

k78 0]
l l l l l { J J/J l { l { J l l Extensive Parameters

Pl’ I?’E: P o M: bending moment
B =1 layer n — 1

1y : : F: force

g x neutral axis

' ’ pressure
Pl B Tayer 3
P IEi layer 2 u: driving voltage
P] Tﬁ:x Tayer 1
lamy 2y

Intensive Parameters
o bending angle
&: deflection
V: volume
Q: electric charge ———
clamy e 5
Intensive Parameters Extensive Parameters
bending angle moment
\ Ve
deflection a(x,t) hiy hiz his hig M cos (0t — W) force
—~~ £ (x,t) hayr  haa  hos  hoy ) Feos(Q — ) -
e |V(z. )| |hs haz has B peos (Qt — 0) -~
volume Q (w.1) hiv haz tas hag) | Ucos(Q— W) pressure
electric charge/ Admittance Matrix H () N voltage
© International Association of . .
Vid. Proc. Adv. Mater., Volume 1, Article ID 200815 (2020) [1 of 5]

Advanced Materials



Video Proceedings of
Advanced Materials

|AAM®

Advancement of Materials
to Global Excellence

https://proceedings.iaamonlineorg

Main Inertia Axis Position

www.iaamonline.com

5 g2 s I
Y _ i=1 S1Li S11i j=1
== [
T i
—h
z:zl 511 !
z
w;it width of layer ¢
hi: height of layer i
s11,:: compliance of layer i
n: number of layers
Intensive parameters with respect to a harmonic driving moment M
. ] . _ - ——
afx,t) hi1 hiz s hag M cos (Qt — 1) 4 . el oD
E(w,t) | _ |har hoa hag haa| | Feos(Qt—W) | hy = ~Be > X
Vix,t) hsr haz has hasa peos (Ot — ) [ w2, \/(1 —n2,)" + (2¢mnm)”
Q(z, 1) hsr haz haz  hag U cos (Qt — W)
- _ ~ ——
Admittance Matrix H (z) o= 45 X kml anr (kml) . .
= 3 Xo(@) - —— = cns (o) =S D) sinh (o)
m=l Win \/(1 = )" + (2mim) » an(bml) = (el + sin(h)

4w kml ang (kpl)
ha; = = 2, Z / Ym(l‘)df

har = —mpiczohn

Intensive parameters with respect to a harmonic driving force F

m=1 w2/ (1= 12)? + (2mm)®

ar (knl)
a(x,t) hyy hiz his hy M cos (Qt — ) hyp =

HMK

cosh(k,,1)sin(k,,!l)

P arlknl) = G 1)+ sinh(el)

£ (x,t) _ |hzt haz haz haa| | Feos(Qt—¥) “":')vn \/(1 - 7];')11)2 + (26m7m)’
V(x,t) hsr haz has  haa peos (4 —T)
Q(z.1) hay hiz haz hag| |Ucos(Qt — W) 4 & af (L.,.l
[ hyy = — Z m(
Admittance Matrix H () ln m=1 w? \/(1 7],,, 2(...7]",)
=, 7 ar (knl)
hgy = Z / m 1‘)‘11 >
= (1 —12)? + (26mnm)’
hiz = —mpiezohi2

Intensive parameters with respect to a harmonic driving pressure p

B c08( k) sinh (k1)
sin(ky,l) + sinh(k,,[)

2w e ay (kml)
a(z,t) hir hiz his hiy] [Meos(Qt — )] his = n Z Xon(2) £ mz B cos(2k,l)
E(x,t) | _ |ho hoa hoy hos| | Feos(Q—1¥) m=1 winkmIy/ (1 =73)" + (26mntm) — ap(knl) = Sinh(d) + sn(kl)
Vix,t)| ~ |ha1 haz has hag peos (Ut — W) " .
Q(x.t) hy hae R h U cos (2t — W) > ! y __ 2cos(kml)
. a1 haz haz hay 2w ) ayp (ki) sinh (k1) [
_\Ad - 1\‘—/1 — hog = " Z Xo(z) = 2 sinh(kp,l) + sin(knl)
mittance Matrix H (x) m=1 “-’:znkmj\/(l = 1%)" + (2Gamm) _ 2 cosh(ky,!)
sinh(ky,[) + sin(kl)
3 2 cos(k,0) cosh(k,, 1
hag = 2{.‘ Z X, (7)di oy, (k) - (kml) (kml)
52 2 sinh(ky, 1) + sin(k,,1)
m=1jp wi A (L =n2)" + (2Gnnm) cosh(2k,1)
Tus = —Mpiesohins sinh(k,, 1) + sin(k,,1)
International Association of . .
Vid. Proc. Adv. Mater., Volume 1, Article ID 200815 (2020) [2 of 5]

Advanced Materials



Video Proceedings of
Advanced Materials

https://proceedings.iaamonlineorg

|AAM®

Advancement of Materials
to Global Excellence

www.iaamonline.com
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Abstract

In this lecture the derivation of the dynamic constituent equations for any kind of clamped-free
piezoelectric multilayer bending actuators under different excvitation conditions formulated
generally for any point over the entire length | of the actuator is demonstrated. The constituent
equations are presented by a 4x4 dynamic admittance matrix H(x) which combines the dynamic
extensive parameters mechanical moment M at the free end of the bending actuator, force F applied
perpendicularly to the tip of the bending actuator, uniform pressure load p applied over the entire
length of the bending actuator and applied electric voltage U with the dynamic intensive parameters
angular deflection a, deflection &, volume displacement V, and electric charge Q. All calculations are
based on the neutral axis position z of a multilayered cantilever. In recent publications the dynamic
characteristics of piezoelectric laminate cantilever structures only have been described for bimorphs
and triple layer piezoelectric benders without taking the aspects of the equivalent viscous damping
and the different vibration modes into account. Both aspects are indispensable for the physical
description of the resonance behaviour of piezoelectric cantilevers. For experimental investigations a
specially developed piezoelectric multilayer bending actuator consisting of high-effective
piezoceramics (layer thickness ~48 um) is used. In order to verify a part of the closed form solution
of the dynamic admittance matrix of piezoelectric multilayer bending actuators the emphasis is laid
on the experimental determination of the dynamic deflection characteristics for the first two
vibration modes over nearly the entire length of the actuator as a function of the dynamic driving
voltage U. The experimental results are compared to the analytical calculations based on the 4x4
matrix H(x).

Keywords: piezoelectric bending actuator; multilayer; dynamic admittance matrix; constituent
equations; closed form solution.
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