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The transmission of automotive engine vibrations to the chassis is isolated using a new class of mounts
which rely in their operation on optimally designed and periodically distributed viscoelastic inserts. The
proposed mount acts as a mechanical filter for impeding the propagation of vibration within specific
frequency bands called the “stop bands”. The spectral width of these bands is enhanced by making the
viscoelastic inserts operate in a shear mode rather than compression mode. The theory governing the
operation of this class of periodic mounts is presented using the theory of finite elements combined
with the transfer matrix approach. The predictions of the performance of the mount are validated
against the predictions of the commercial finite element code ANSYS and against experimental results
obtained from prototypes of plain and periodic mounts. The obtained results demonstrate the feasibility
of the shear mode periodic mount as another means for blocking the transmission of vibration over a
broad frequency band. Extending the effective width of the operating frequency bands of this class of
mount through active control means is the ultimate goal of this study.
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1. Introduction

A periodic structure consists of an assembly of identical
elements connected in a repeated manner [1]. Examples of these
structures can be found in many engineering applications such as
satellite solar panels, wings and fuselages of aircraft, petroleum
pipe-lines, railway tracks, submarines and many others.

In these structures, waves can propagate in some frequency
bands called “pass bands” and are attenuated in others called
“stop bands” [2-7]. Excellent reviews on the state-of-the-art have
been given by Mead [7] and by Mester and Benaroya [8], where
extended lists of references can be found. Since then, studies of
the characteristics of periodic structures and their applications in
engineering have been extensively investigated including passive
and active periodic structures [9-17].

In this paper, the emphasis is placed on the development of a
shear mode passive periodic engine mounts in order to effectively
isolate the transmission of vibration from the engine to the
chassis. This class of mounts is radically different from other
conventional types of engine mounts such as the passive rubber
mounts [18] and hydraulic engine mount [19,20] which are
generally effective at narrow frequency ranges. It is equally as
effective as other types of active engine mounts [21,22] which can
operate over broader frequency ranges but at the expense of the
classical complexity and reliability.
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The effectiveness of the presented periodic engine mount stems
from its unique design that relies in its operation on optimally
designed and periodically distributed viscoelastic inserts in order
to generate broad band filtering characteristics. Such characteristics
enable the mount to completely block the propagation of the
vibration rather than attenuating it. The spectral width of the
operating band is enhanced by making the viscoelastic inserts
operate in a shear mode rather than compression mode used in the
passive periodic mount of Asiri [23].

The paper is accordingly organized in five sections. In Section 1, a
brief introduction is given. In Section 2, a mathematical model of the
shear mode periodic mount is presented and the equations of
motion are derived from the finite element approach and then the
transfer matrix is obtained. The basic filtering characteristics of
these mounts are outlined in Section 3. Section 4 demonstrates the
experimental results and numerical analysis using ANSYS. Section 5
summarizes the obtained results and conclusions reached.

2. Mathematical modeling of passive periodic mounts
2.1. Overview

Fig. 1a shows a schematic drawing of the shear mode passive
periodic mount which is made of identical cells in the longitudinal
direction. Each cell can be divided into four elements as shown in
Fig. 1b. These elements are numbered 1,2,3, and 4 from the left to
the right. The dynamic behavior of element 2 is dominated by the
shear of the viscoelastic layer while elements 1, 3, and 4
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Nomenclature o Propagation attenuation factor
p Propagation phase angle

A Area Y Shear strain

b width A Eigenvalues of the transfer matrix

E Young's modulus of elasticity Ojj Longitudinal deflection vector

F Longitudinal traction force P Mass density

G, Shear modulus of viscoelasticity n Propagation parameter

hy,hy,hs Thickness of core, viscoelastic material and outer w Frequency (rad/s)

layer

K The element of dynamic stiffness matrix of sub-cell Subscripts

L; the length of sub-cell

m Mass per unit length jr, sk nodes of element of core and outer layer, respectively.

N; Shape function of sub-cell X Partial differential with respect to x

T Kinetic energy t Partial differential with respect to ¢

T Transfer matrix

u Longitudinal deflection Superscripts

Vv Potential energy

w Externa}l work . . -1 Matrix inverse

o Coefficient of exponential shape function
experience longitudinal loading. The transfer matrix of the unit (3) the transverse displacements of all the points on any cross
cell is derived by applying the finite element approach along with section of the periodic mount are not considered;
the appropriate boundary conditions. (4) the metal core and outer layers are assumed to be elastic and

2.2. The transfer matrix of element 2

2.2.1. Main assumptions

dissipate no energy;

(5) the viscoelastic layer is linearly viscoelastic.

2.2.2. Kinematic relationships

The deflected configuration is shown in Fig. 2 where A,E1,h;

(1) the shear strains in the metal core are negligible; denote the cross section area, Young’s modulus and thickness of
(2) the longitudinal stresses in the viscoelastic layer are negligible; core. A,,Gy,hy,y are the cross section area, shear’s modulus,
a
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Fig. 1. Schematic drawing of shear mode periodic mount and main parameters: (a) periodic mount; (b) undeflected and (c) deflected.
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Fig. 2. Deflected configuration of Element 2.

thickness and shear strain of viscoelastic material. Also, As,E3,hs
define the cross section area, Young’s modulus and thickness of
outer layers.

From the geometry of Fig. 2, the shear strain ) in the
viscoelastic material is given by

V= (ujr_usk)/hZ (1)

where uj and ug, are the longitudinal deflections of the core and
outer layer, respectively. Also, h, defines the thickness of
viscoelastic layer.

2.2.3. Energies of the element 2

Potential energies. The potential energies, V; and V,, associated
with the longitudinal extension of the core/outer layers and the
shear of viscoelastic layers are given by

' 1
V=V1+V2:///‘/i(o-jrgjr+ask85k+727))dv

1 L fou\? 1 L fouge)?
—jE]Al/O (6){) dX+jE3A3/0 <6X) dx

L,
+iea, / 72 dx 2)
0

2

where A; = hyb, Ay = 2h,b, A3 = 2h3b with b denoting the width of
the core and the outer layer. Also, 75, G, denote shear stress and
storage shear modulus of the viscoelastic layer. L, is the length of
element 2. Subscripts jr, sk denote the nodes of the core and outer
layer, respectively.

Kinetic energies. The kinetic energy T associated with the
longitudinal deflection u;- and ug is given by

1 L rou; 1 L2 g 2
T_jp1A1/o <5t) dx+jp3A3/0 (ar) dx 3)
where p;, p3 are the densities of the core and outer layer,
respectively.

2.2.4. Finite element model of element 2
The displacements of core and outer layer can be described by
the following shape functions:

”
() =IN; Nr]{ " } =[N; Nil{oy),

Us
Ugp(X) = [Ns Nk]{ i } = [Ns Nk]{ésk} 4

where u;,u;,N;,N; are nodal displacements and shape functions at
nodes j, r in core, as are us,uy,Ns,N;, at nodes s, k of outer layer.
From Egs. (1) and (4), the shear strain y becomes,

V= (ujr_usk)/hz = (1/hZ)(Njuj+Nrur—Nsus_Nkuk)

(B {2

Ujr, Usk in Eq. (4) can be also rewritten as

S S
(%) = [Nj Ny |0 0]{;;—k } Use(x)=[0 O} Ns Nkl{(g’;} ®)

The potential energy of Eq. (2) can be evaluated using Eq. (6) as
follows,

1 L Oujy T Oujy 1 L Ol T OlUgy
V= iE]A]/O <6X> <6X>dx+ §E3A3/O (8)() <W>dx

1 L T 1 (Sjr T (Sjr
+ j GzAz /O (/) (')))dX = j { 5sk } ([Kjr]+[Ksk]+[Kv8m]) 5sk

N T
1 ()jr 5jr
=5 { S } [Kelez]{_és_k

7
where
NjxNjx  NjxNrx 00
L NxNjx NexNrx 100
Kozl = | E1A ok L d
[Kele2] 1 1/0 ) 0 ToTo X
0 0O 00
0 0 0 0
L0 0] O 0 i
B [ |57  NoxNox  NoaNiy |9
0 O;Nk,st,x Nk,xNk,x
NN, NN NN NN
| (G2 / | NeN;_ NeNe | =NeNs =NeN |
h% 0 _Nij _NsNri NSNS Nst
_NkNj _NkNr; NkNS Nka

One can also obtain mass matrix of element 2 using the kinetic
energies,

Ly N\ 2 L, 2
T:%plAl/O <5;l;r> dx+%p3A3/O (ag;k) dx
16" S\ 1o\ djr
=5 {ka } ([MJr]+[Msk]){_fk } =5 { 5—:7( } [Melezl{ 5: }
NiN; NiN:{ 0 0 ®)
Mol | poa. [ NN NeN:iO O
[Meje2] = ,011/ 0 0 EO 0 X
o o0 io0 o0
00! O 0
Lo oi 0 0
+| Psfs /0 00 [N:Ns  NsNi dx
0 0 {NNs NNy

The equation of motion for element 2 can be obtained as follows:
[MeleZ]{SeZ} +[Kele2]{562} = {Felez} or [KeD[ez]{éeZ} = {Felez} (9)

where dynamic stiffness [KD,,]= [Keiez—0?Meie2] and {Sex} = {Jjr
S4}T. The dynamic stiffness matrix of element 2 can be given by

Ky K | Ks K
Kj K| Kis Ky
[Kglez] = [I<EIEZ *szelez] =\, .- rk;;“-k-s-k- (10)
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where
Koy = '/OLZ[ElAl(Na,be,x)+g(NaNb)_w2p1Al(NaNb)]dX;
a=jr;, b=jr
L, L,
K== [ st K=~ [ isNox,

L,
Krs = —/ [g(NrNs)]dx
0

Ly "Ly
Kio=— [ leNiNoldx, K=~ [ lsVNylax,
0 0

Ly
Koy = — / [g(NsN,)]dx
JO

Ly Ly
Ky =— /0 [ENNJdx, K = — /0 [E(NN)]dx
L,
Keg = /0 [E3A3(Ne.xNa ) +&(NeNo)— 2 p3As(NeNg)ldx:
c=sk; d=sk

g2=(GyAx/h)

2.2.5. The transfer matrix of element 2

The transfer matrix of element 2 can be obtained by using
dynamic stiffness matrix of Eq. (10) and applying the free
boundary condition at u,, us:

Ki KiiKe Kil(w) (F
Ky Kiri K Kl )our 0 »
Ki K ! Kss Ky us () O an
Kkj Kkri Kks Kkk Uy F| k

Rearranging Eq. (11) leads to the following equation:

KK 4\ (F 5
K2 kg2 |\ wy (T Fe 12

From Eq. (12) and Fig. 2, one can establish the transfer matrix [T>]:

Uji1 Uy U
(1) {rmf)

where [T;] is the transfer matrix of element 2. Combining Eq. (12)
and (13) yields the transfer matrix [T>]:

w S IO L R
Fe = [legEise ) ks -G ks i)

or

) k) |
Rl WS 15
[T2] |:(K§lzeZ)(K§31292)1(qul1e2)_(l<§l]ez)i } (15)

where

K$E? = (K)+ (Ki) G+ (KinDj, - K§52 = () + (Kjs) e+ (G )Die
K$'? = (Ki)+ (Kis) G+ (Ki)Dj, - K55 = (Ki) + (Kis) Cie+ (K )Di
G = —[(Kss)—=(Ksp)(Kir) ™ (Krs)] ™" [(Ks)—=(Ksr)(Kir) ™" ()]

Cie = —[(Kss)—(Ksp) (Kir) ™" (Kes)T ™" [(Kto) = (Ksp ) (Kir) ™ (K]

Dj = [—(Kir) ™" (Kij)—(Kir) ™' (Ki5)G]

Dy = [—(Kir) ™" (Kppo)—(Krr) ™" (Krs)Ciel

2.3. The transfer matrices of elements 1, 3 and 4

Elements 1,3 and 4 can be regarded as one-dimensional rod
with different cross section areas, therefore, their potential and
kinetic energies have the similar form:

1 b rou\?

VlszlAl b (&) dX, (16)
1 rLi 6”1' 2 .

Tl-_ipiA,-./O <5> dx, i=134 a7

Let u,, u; be the axial displacement of two nodes of one element.
Also Let N;(x),Ny(x) be the shape function of uy, u,. The deflection
variation of one-dimensional rod can be derived as

1,6 = [Ny (0 Nz(X)]{ " } — (N5 as)

where {S.} ={u; u}’. One can evaluate potential energies and
kinetic energies as follows:

1 Li ou; T ou;
vi=gem [ (5) (5o

1 T Ll "ax ox  ox ox
=2\ B |ty ooy | |9
oX OX 0X OX
1 .
= 5{ 0TIk {0} (19)
1 L roup\T o
n=gea [ (F) (G
N1N,

a{be) = 3 {SaTtmi1{5.)

(20)

1) 1 LI N1N¢
—2{09} (piAi/O {Nle NoN,

The equation of motion for one element can be obtained as
follows:

[Mi](Se) +[Kil0e) = (Fe) or  [Ki—?mi](Je) = (Fe) (21)

From Eq. (21), the dynamic matrix of elements 1,3, and 4 are given by

i Ot o () v fa i g {0 B2 ()it e
1 1

[’i] oX ox oX oXx
‘ol = oN oN - oN; oN: .

A (L JON2 N1 5 (Pi A (L JON2 N2 o (Pi

EA; [t {ax o (Ei)wzlvl)}dx E [t {ax - (Ei)(NzNz)}dx

(22)

From Eq. (21), the equation of motion of an element can be expressed

as follows:
Ky K] [ ud Fi
Ky, ki u, [T\ F 23
21 22 2 2

[ B Fi
st} - {7}

Table 1
Geometric properties.

Length (mm) Thickness (mm) Width (mm)

Ly 4.76 hy 3.17 b 254
L, 17.46 hy 3.18, 8,15

Ls 4.76

Ly 4.76 hs 3.18




W. Jung et al. / Finite Elements in Analysis and Design 46 (2010) 685-697

Table 2
Physical properties.

Material Density (kgm™3) Modulus (MPa)
Aluminum 2700 70000*
Viscoelastic layer 1200 15+0.0i°

2 Young’s modulus.
b Complex shear modulus(G(1+xi), =0.0).

a
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The transfer matrix [T;] between (i)th element and (i+1)th
element has the following relationship,

i+1
u

i+1
Fl

{5 -mfz)

24

Combining Eqgs. (23) and (24) gives the transfer matrix as follows:

_( 1'12)71(]611) ( 1-12)71

[Ti]=|: T ,] i=1,3,4 (25)

1.0020
1.0015
1.0010
1.0005
1.0000
0.9995
0.9990
0.9985
0.9980

1.0020
1.0015
1.0010
1.0005
1.0000
0.9995
0.9990
0.9985
0.9980

2.50
225
2.00
1.75
1.50
1.25
1.00
0.75
0.50
0.25
0.00

0

(kb ) (k)™ (i) —(Kby) | (Kb, ) (ki)™

Determinant of Transfer Matrix
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Fig. 3. The propagation constant and determinant of [T] for passive periodic shear mode mount using exponential and linear shape functions for element 2: (a) attenuation
at h,=3.18 mm; (b) determinant of [T] at h,=3.18 mm; (c) attenuation at h,=8 mm; (d) determinant of [T] at h,=8 mm; (e) attenuation at h,=15 mm and (f) determinant

of [T] at h,=15mm.
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2.4. The transfer matrix of the passive periodic mount

Now, the transfer matrix of unit cell can be computed as

Teenn = [Tetemental x [Te 3] x [Te 2] x [Tl 1] (26)
and for the complete periodic mount
T = (Teen)™"! 27)

where N is the number of cells in the passive periodic mount.
Thus, all the information about the propagation characteristics is
given by the eigenvalues / of the transfer matrix T:

A=elt =e*thi (28)
a
Attenuation[o=real(l)]
12 T T T T T
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where p is the propagation constants, « and f are called
attenuation factor and phase angle and represent the real and
imaginary portion of the propagation constant. Also, one another
important characteristic of the transfer matrix T is

Determinant of [T]= 1 (29)

This can be proved using Eq. (15) and the symmetry of the
dynamic stiffness matrix:

le2)—1(jcele2 1 le2)—1
ettty det] o UIDNKEE) (ke
= ele2\(jcele2\—1(jrele2 ele2) 1 ele2(jrele2\—1
(KS52)(K5?) " (KT —(KS§2) | —(KS52)(KT5?)
= det[(K{5?) "' (K5*)"] = det[(K{5?) " (K{5?)] = detfl] = 1
(30)
Determinant of Transfer Matrix
1.0020 T T T T T
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Fig. 4. The propagation constant and determinant of [T]for passive periodic shear mode mount using F.E.M and analytical method [28]: (a) attenuation at h,=3.18 mm; (b)
determinant of [T] at h,=3.18 mm; (c) attenuation at h,=8 mm; (d) determinant of [T] at h,=8 mm; (e) attenuation at h,=15 mm and (f) determinant of [T] at h,=15 mm.
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Eq. (30) can be used effectively for checking the accuracy of
transfer matrix T.

3. Performance of passive periodic mount
3.1. Shape function of element 2 and elements 1, 3, 4

The one-dimensional rod element has two nodes and one
degree of freedom at each node, the axial displacement can be
represented by exponential function which is derived from the
equation of longitudinal vibration in a rod and also is suitable in
the higher frequency range:

. . . . A
u;(x) = Ae ¥ + Belt = [e 7T elli¥] M 31
where k? = (p;/Ej)®?, o is the exciting frequency(rad/s). Applying
boundary conditions u;(0) = u; at x=0 and u;(L;) = u; at x=L; and
solving A, B yield

A 1 eikili -1 15}
{ B } = (efkili —e—jkiLiy | _e=jkili 1 Uy
el 1]
— o 32

_e—JkiLi
Substituting Eq. (32) into Eq. (31) leads to

Ui(x) = oyfelili—n _e=kili=n gkix__g-kix| { Z; }
u
= [Np(x) M;(x)]{ " } = [N}{3e} (33)

From Eq. (33), N;,N;,Ns,Ni of element 2 and N;, N, of element
1,3,4 are expressed as

Np(x) = aplelot e Fola ] p—js,1

Ng(®) = oglef*—eF¥], g =r,k,2 (34)

In addition to the exponential shape functions of Eq. (34),
linear shape functions for element 2 are also used to obtain the

a b

mechanical filtering characteristics of passive periodic shear
mode mount.

A 1 0 uq
woo =01 F =004 1
Li—x x u
_{ L; Ll}{u;}:[Nm Nn]{ée}:[N]{(se} (35)

From Eq. (35),

Nin() =1-/Lm), m=js

Nn(x)=(x/Lp), n=rk 36)

3.2. Materials

The passive periodic mount is made of two materials, one is
aluminum, and the other is rubber as shown in Fig. 1. The
geometric and physical properties of them are given in Tables 1
and 2.

3.3. The propagation of waves in passive periodic mount

3.3.1. The comparison between exponential and linear shape
function

Fig. 3 shows comparisons between the filtering characteristics
of the passive periodic shear mode mount with four cells when
the shape function of element 2 is exponential and linear. From
Fig. 3, it is evident that there is no difference between exponential
and linear shape function of element 2. In this paper, exponential
shape function is used for calculation of the propagation
characteristics.

3.3.2. Comparison between F.E.M and analytic approach

Fig. 4 displays comparisons between the filtering characteristic
of the passive periodic shear mount with four cells as predicted by
the F.E.M and analytical method suggested by the authors [24].
Accordingly, the F.E.M will be used to calculate the propagation
characteristics of the passive periodic shear mount.

N

I
T
hy

periodic shear mode mount
with viscoelastic material

equivalent compression mode
mount with viscoelastic material

/z L

h,=2h, ﬁ/ . \
N A |
N A |

L, § . A§
k\\\ﬁ(\\\\% —

unifrom mount with
all aluminum

Fig. 5. Drawing of the cell of the passive periodic shear, equivalent compression and uniform mounts
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3.3.3. Comparison between shear and compression mount

Fig. 5 shows unit cells of the passive periodic shear mount,
equivalent compression and uniform mount, respectively. The
dimensions of the equivalent passive periodic compression mount
are determined to maintain the same dimension of the
viscoelastic material as the shear mount and have the same

cross section of the aluminum parts in both mounts, namely by,
hc = 2h2, We=L;, L.= h] (L4 +L2)+2h3(L2 +L3)+h4L4 37)

Fig. 6 shows the attenuation factor of the propagation
constant, respectively, for the shear, compression, and uniform
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mount configurations. It can be seen that the compression mount
is more effective than the shear mount when the thickness of the
viscoelastic layer is small (Fig. 6a). However, increasing the
thickness of the viscoelastic layer makes the passive periodic
shear mount exhibit broader stop band characteristics than the
compression mount (Fig. 6¢). It should also be noted that stop
bands are not observed over the entire frequency range for the
uniform aluminum mount. This result emphasizes that the
transmission of the vibration along the passive periodic mount
is blocked over certain frequency bands by virtue of the
periodicity effect.

Determinant of Transfer Matrix
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Fig. 6. The propagation constant and determinant of [T]for passive periodic shear mode, equivalent compression mode and uniform mounts: (a) attenuation at
h,=3.18 mm; (b) determinant of [T] at h,==3.18 mm; (c) attenuation at h,==8mm; (d) determinant of [T] at h,=8 mm; (e) attenuation at h,=15mm and

(f) determinant of [T] at h,=15mm.
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Fig. 7 displays a numerical comparison between the
transmissibility of the passive periodic shear, equivalent
compression and uniform mode mounts. It can be seen that a
significant attenuation of vibration transmission occurs over the
zones of the stop bands. More importantly, it can be seen that the
shear mode mount, with thicker viscoelastic layers, is more
effective than the compression mode mount. The reverse is true
for thinner viscoelastic layers.

100

Magnitude(dB)
=
(=]

4. Experimental performance of periodic mount

In order to validate the predictions of theoretical model, a
series of experiments are performed. Two experimental proto-
types of mounts are designed and manufactured. One prototype is

used

to measure the amplitude of the transfer function the

passive periodic mount, the other is used to determine the
transfer function of a conventional non-periodic mount. Fig. 8
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Fig. 7. Theoretical amplitude of the vibration isolation of periodic and uniform mounts: (a) vibration isolation at h,=3.18 mm; (b) vibration isolation at h,=8 mm and
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shows schematic drawings of the two prototypes and Fig. 9 shows
a photograph of the experimental periodic mount. It can be seen
that the prototype with four passive periodic mounts is used to
measure the vibration transmission from the upper plate which is
excited by a shaker. Each periodic mount is made of four cells.
Piezoelectric accelerometers (PCB Model 303A3) are placed at the
ends of the passive periodic mount. An accelerometer is used to
measure the acceleration produced by the shaker at the top of the
mount while the other accelerometer is used to capture
acceleration transmitted to the bottom of the mount. A
spectrum analyzer (ONO SOKKI Model CF910) is used to record
the output signals of the accelerometers.

The predictions of the developed model are also validated
against the predictions of the commercially available finite
element package ANSYS. Fig. 10 displays ANSYS finite element
model of the passive periodic mount. Also, the predictions of the
ANSYS model are validated against the experimental results.

Fig. 11 shows a comparison between the amplitude of the
experimental transfer functions relating the input excitation of
the top end of the mount to transmitted acceleration to its other
end. Fig. 12 shows the corresponding numerical transfer function
as obtained by using ANSYS. It can be clearly seen that the stop

Fig. 9. The experimental passive periodic shear mode mount.

Fig. 10. ANSYS finite element model of the passive periodic shear mode mount.
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Fig. 11. Amplitude of the experimental transfer function.
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Fig. 12. Amplitude of the ANSYS transfer function.

bands cover the whole frequency range from the low frequencies
to high frequencies. The attenuation of the vibration transmission
is obvious and effective over the entire frequency range.

It is also evident that the experimental results are in
agreement with the prediction of theoretical model in Section 3
and those obtained from numerical analysis using ANSYS.

5. Conclusions

In this study, a passive periodic engine mount with periodic
viscoelastic inserts is presented. A theoretical model is developed to
describe the dynamics of wave propagation in the passive periodic
mount. The model is derived using the theory of finite elements. A
cell of the passive periodic mount is divided into four elements, the
transfer matrix formulation for each element is given. The overall
transfer matrix of unit cell is obtained by multiplying the transfer
matrices of the four elements composing the cell. The mechanical
filtering characteristics of wave propagation in four series cells thus
are analyzed by the transfer matrix formulation.
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Numerical examples are given to illustrate the effectiveness of
this class of periodic mounts. The experiments are performed to
validate the predictions of the theoretical model. Both the
theoretical and experimental results show that the passive
periodic mount exhibit stop bands covering a broad frequency
range.

Appendix A. Element of matrix in Eq. (10)
A.1. Exponential shape function
Exponential shape function can be Eq. (A.1):
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The presented engine mounts can find many appli-
cations in gearbox support struts, engine mounts of auto-
mobiles and aircraft as well as underwater vehicles. The
development of active prototypes of the shear mode periodic
mount presented here is a natural extension of the present
work.
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A.2. Linear shape function

Linear shape function can be Eq. (A.2):
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where,
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Appendix B. Element of matrix in Eq. (23)
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