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Passive Vibration Suppression in Truss-Type Structures
with Tubular Members

Ramesh B. Malla,* Hamid R. Adib-Jahromi," and Michael L. Accorsi
University of Connecticut, Storrs, Connecticut 06269

A method for vibration suppression using viscous damping material has been developed for truss structures
consisting of axisymmetric tubular members of circular cross section. The vibration damping scheme calls for the
construction of a structural member with two or more tubes by overlapping the end portion of adjacent tubes
and bonding them together by means of a thin layer of viscoelastic material. The equations of motion for a finite
length section consisting of concentric layers of an inner tube, viscous material damping layer, and outer tube are
obtained using Hamilton’s principle. Only axial motionis considered. An exact solution to the equation is obtained
and used to develop the dynamic stiffness matrix for the section. A scheme has been presented to develop a super
element that consists of two or more such damping sections. The super elements have then been used to model
members in a truss-type structure to study the vibration suppression in the structure. The vibration suppression
is studied for a range of frequencies. A parametric study has been performed to establish the effects of thickness,
loss factor, and length of overlap. The study has shown that the damping effectiveness is dependent on the coupled

effects of these parameters.

Nomenclature

A = constants (i =1, 4)

D = dynamic stiffness matrix

Dom = frequency sweep size (Fig. 12), Hz

E = modulus of elasticity of the structural material

E, = complex modulus of elasticity of the viscous material

E? = storage modulus of elasticity of the viscous material

F; = end forces (i =1, 4) (Fig. 3)

fi = parameter function of material and geometric
properties and structural frequency (i =1, 2)

G. = shear modulus of the viscoelastic material

G? = storage shear modulus of the viscoelastic material

h = thickness

L = length of a segment

[, = length of damping treatment

N; = magnitude of axial forces (i =1, 4)

n(z,t) = axial force (Fig. 3)

r = radius

T = kinetic energy

U = strain energy

u,v,w = displacementsin the radial r, circumferential 6, and
axial z directions, respectively

Ww; = magnitude of longitudinal (z direction) displacements
(i=1,4)

[ = vector of end displacements

S = end displacements (i =1, 4) (Fig. 3)

€ = vector of strain components

n = loss factor of the viscous material

A = parameters (functions of material and geometric
properties and structural frequency) (i =1, 2)

= Poisson’s ratio

= density of the material

vector of stress components

= structural natural frequency
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Subscripts

1,2,¢ = outer tube, inner tube, and viscous layer, respectively

Superscripts

I = derivative with respect to z
= time derivative of the corresponding parameter

Introduction

ARGE space structures are inherently flexible and are suscep-

tible to vibration. Vibration control can be achieved by active
and/or passive techniques. In active control, sensors and actuators
are mounted externally on the structure. Design requires knowledge
of elastic modal frequenciesand modal shapes at the location of the
sensors and actuators. The interactionbetween the structure and the
active control system is of considerable importance.

In passive damping, the inherentdamping of the structure is aug-
mented by incorporating high-damping material in the structure.
Significant damping benefits can be achieved by incorporating vis-
coelastic materials in structural supports and connections.> Nu-
merous investigations on vibration, stress analysis, and dynamic
modeling have been reported on sandwich construction of beams
and plates and on single- and double-lap and scarf joints >~!7 For
example, He and Rao'* developed a model to study damping under
longitudinal vibration of an adhesively bonded double-lap joint and
studied the effects of damping on the joint system behavior. The
model studied by He and Rao is limited to only an individual joint
and is useful for beams. Prucz et al.'"!? designed and tested new
types of passively damped joints.

For truss structures, augmented damping is possible in the joints
and in members. The effect of joint damping has been studied by
Crawley,'® Belvin,'” and Bowden and Dugundji?® Member damp-
ing has been studied by several authors using various analytical
methods?' ~2* Sankar and Deshpande?* also utilized the dynamic
stiffness matrix to evaluate the natural frequencies, mode shapes,
and modal loss factor of a truss with several viscously damped
members. In the study, however, the mass and, hence, the kinetic
energy of the viscous layer were neglected.

Because of their light weight, relatively high stiffness, and ease
of construction, truss-type structures are the preferred candidates
for various types of applications in space.> Truss structures are
also widely used on the Earth, especiallyfor large-span construction
projects. Tubular members of circular cross section are preferred for
such construction, especially for space applications?® Work on the
static stress analysis of adhesively bonded tubular lap joints under
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longitudinal and torsional loadings has been reported >’ ™' Some
of these studies considered the adhesive as viscoelastic material.
More recently, vibration and damping analyses of tubular lap joints
bonded by viscoelastic material have been presented 3%3* However,
they deal with either the joint under torsion or beam-type flexural
vibration. These are not suitable for a truss member thatis primarily
under axial motion. In addition, these studies are limited to the
element level and not applied to a full structural system.

Therefore, the aim of the present study is to develop a passive
damping scheme specialized for a total truss-type structure having
circular-cross-section members. The technique calls for construc-
tion of a structural member from two or more circular tubes by
overlapping the end portions and connecting them with viscoelastic
material. An exact dynamic stiffness matrix is derived for a finite
length section of a structural member made of three concentric cir-
cular tubes containing a viscous damping layer between the inner
and outer tubes. Several such elements are then assembled to obtain
a super element representing a full-length member of a truss struc-
ture. The basic composite damping elements can be assembled with
a variety of configurations to achieve desired damping effects. Only
axial motion is considered (truss members, no bending). The super
elements are then used as web (vertical and diagonal) members in
a truss-type structure, and the dynamic response of the structure is
evaluated. Parameters of the damping layer are varied to study the
effects of the damping scheme. Results are compared with those of
a conventionalfinite element model.

Equations of Motion

Figure 1 illustrates the truss element treated in this study, which
consists of an assembly of concentric tubes: an inner tube, an outer
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Fig. 1 Typical damping-treated truss member.
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tube, and a viscoelastic layer between them. All tubular layers are
assumedto belinearelastic and isotropic. Dampingis includedin the
viscoelasticlayer through the use of a loss factor and complex mod-
ulus of elasticity and shear modulus. To derive the equations of mo-
tion for the damping element (overlapped segment), expressions for
the kinetic energy T and strain energy U in cylindrical coordinates
(r, 0, z) are written to be incorporatedinto Hamilton’s principle. The
total kinetic and strain energies of the composite element is the sum
of the kinetic energies for each layer. Figure 2 shows the free-body
diagram of a structural member with three elements, one (the center
one) being the overlapped portion containing the viscoelasticdamp-
ing layer. Defining u, v, and w to be displacements in the radial,
circumferential,and axial directions, respectively, it is assumed that
u=v =0and w =w(r, z) for each layer of the axysymmetric ele-
ment. For the outer and inner tubes, the axial displacements along
the radial direction are considered to be constant, whereas for the
viscoelasticlayer the axial displacementis assumed to vary linearly
in the radial direction. Detailed derivations leading to the equations
of motioncanbe found by Adib-Jahrom#** and Adib-Jahromietal.*’
For completenessof the material presented, the equations of motion
for the three-layer damping element are presented hereafter.

Equations of motion for the overlap portion (damping element)
of the tubular member are derived using Hamilton’s principle. The
following two equations of motion and associated natural boundary
conditions are obtained:

2(Aqrihy + Aca)wf + Accw;/ —2n(pyrihy + p.a)w,

— 7p.cviy = 2rGerel h)(wy = wy) =0 )
2(Ayrahy + A bYWy + Acew!| = 2m(pyryhy + p.b)W,
— 7p.cviy = 2rGerel ho)(ws = wi) =0 @
The associated natural boundary conditions are
[2(Airihy + Aa)w) + cAwh —nylowil, 2 =0 (3)
[2(Asrahy + Ab)W) + cAw] = np)wol,spp =0 (4)
where the quantitiesa, b, and ¢ are given as
a = (arh, + 1) 12, b= (arh, —h2) 12
¢ = (4r.h)/12 5)
and the quantity A; (i =1, 2, or c¢) is expressed as
= nE(1-w) ©)

T (L+ vl -2v)

Damping is includedin the viscoelasticlayer using a complex mod-
ulus of elasticity E. and complex shear modulus G..:

E.=E’(1+in 7

G.=G’(1+in) ®)

where 1 is the loss factor of the viscous material that indicates the
fraction of strain energy lost in one cycle of the vibration 3%
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Fig. 2 Kinematic assumptions and free-body diagram.
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Fig. 3 End forces and displacements on a section.

Solution

The harmonic, time-dependentsolution is obtained by assuming
Wi, Wa, iy, and n, in the following form:

wi(z, 1) = Wi(z)e'”, wa(z, 1) = Wa(z)e'™

ni(z,t) = Nl(Z)ei“’” na(z, 1) = Nz(z)eiwt ©)

Substituting these expressionsinto the equations of motion and as-
suming W, (z) and W,(z) of the form

Wi(z) = A] cosh(A,2) + A] sinh(A,z) + A} cosh(A,2)

+ A sinh(4,2) (10)
Wa(z) = A7 fi cosh(A,2) + A] fi sinh(A,2) + A} f> cosh(4,2)

+ A} f, sinh(4,2) (11)

A (i=1,2)and f; (i =1, 2) can be computed. Both 4; and f; are
functions of material and geometric properties and the structural
frequency o. The constants A’ (i =1, 4) can be evaluated using
the prescribed displacementor force boundary conditions. It will be
more useful to eliminate the constants AY and relate the unknown
enddisplacements &, i =1, 4 (Fig.3) and forces F;, i =1, 4 (Fig.3)
directly with those known through the dynamic stiffness matrix D
as described hereafter?’

Dynamic Stiffness Matrix

First, the following displacement boundary conditions are pre-
scribed:

Wi(=L/2) =6, Wi(=L/2) =6

Wi(L/2) =&, Wa(L/2) = & (12)

Substituting for W, and W, from Eqgs. (10) and (11) gives

5 C =5 (& =5, ATJ

Sl _ |G —AS LG LS A (13)
& C S, (& S A

& HC LS LG 28 A,

where
C; =cosh(A;L/2), S; = sinh(A;L/2) (14)

where i =1, 2. Equation (13) can be inverted to yield the matrix
equation in the form of

A* =Ré (15)

The axial forces in the outer and inner tubes are found from
Eqgs. (3) and (4):
Ni(z) = LW + L, W,, Ny(z) = LW, + LW, (16)
where
J, =2(Arih, + ALa), J, =2(Ayrhy + ALD)

Js =cA, (17)

Next, the following force boundary conditions are prescribed:
Ni(~L/2) = -F,, Ny(=L/2) = —F,
Ni(L12) = F;, No(L12) = F, (18)

Substituting Eqs. (10) and (11) into Egs. (16) and noting Eq. (18),
we can write the resulting boundary conditions as

Fl J dl Sl _dlcl d2S2 _dZCZ ATJ

B | &S —dC diS, —diCy | | A3 (19)
Fl 148 dc¢ &S d,C Al
F, &S, dsC,  d,S, d,C, Al

where

dy =2(J, + I3 /1), dy = 2,(J, + I3 f2)

dy = M(N fi + J3), dy = (Lo fo + J3) (20)
C; (i=1,2)and S; (i =1, 2) are given by Eq. (14). Equation (19)
can be simply written as

F =SA" 2n

The dynamic stiffness matrix D is obtained by combining Egs. (15)
and (21) as

F =Dé6 (22)
D =SR (23)

Equation (22) contains four degrees of freedom (DOF) corre-
sponding to the two ends of the inner and outer tubes, as shown in
Fig. 3. The damping mechanism section (composite section made of
overlapping tube 1, damping material, and tube 2) is typically con-
nected to adjacentelements at two DOF and is free at the remaining
two DOF (Fig. 2). The axial forces corresponding to the two free
DOF are zeros. For example, for the connection as shown in Fig. 2,
F, and F; have zero values. The last step in the derivation now is
to order the DOF, partition the 4 X4 dynamic stiffness matrix, and
condense out the DOF associated with the free ends. The ordering
adopted in the present method puts the DOF at connected ends in
rows 1 and 2 and the DOF at free ends in rows 3 and 4. For example,
if the outer tube of the structural segment containingdamping mate-
rial is connected at the left to an adjacentelement and is free on the
right and the inner tube is connected at the right to another adjacent
element and is free at the left (i.e., F, and F, are not zeros, whereas
F, and F; are zeros), then Eq. (22) is ordered and partitioned as

F) &)
Fy =<DH Dlz> & 28
0 Dy Dn)|&
0 &

This orderingis writtenas (1,3,4,2) (see Figs. 2, 3, and 4c). Here, the
locationfields 1 and 4 (Fig. 4) have new valuesof 1 and 2, indicating
that the DOF 1 and 4 are connected to adjacent elements, whereas
location fields 2 and 3 are given new values of 3 and 4, indicating
that DOF 2 and 3 are free. (Corresponding forces are zeros.) Here,
D;; are the partitioned 2 X2 submatrices of the dynamic stiffness
matrix.

Condensing out & and & yields the following 2 X2 dynamic
stiffness matrix for the section:

F o)
{Fj‘} =Dy = D1, D3} Dy] {5;} (25)

The ordering is specified for each section, which allows the sec-
tions to be connected in different configurations along the truss
member length, as shown in Fig. 4. Moreover, if a section of the
member does not contain the damping layer (left or right segment
in Figs. la and 2), this configuration can also be represented by
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the same formulation used for the section with the damping layer
(middle segment in Figs. 1a and 2) by assigning zero values for den-
sity, modulus of elasticity, and Poisson’s ratio corresponding to the
damping layer and the inner or outer tube, whichever is appropriate
(Fig. 5). The dynamic stiffness matrices for each section are then
assembled to find the equations for the super element representing
an entire truss member with damping at a certain discrete location
along the member length.

These features of the method presented provide tremendous
versatility in modeling truss members with a variety of damping
treatments along the length, such as discrete segmental damping
treatment, continuous damping treatment, and damping layer as ar-
ranged in Figs. 6a-6d. The external arrangement of the damping
layer (Figs. 6b and 6d) is the same as the widely known constrained
layer damping.

Verification of Super Element
The solution for a concentric tubular section with a dampinglayer
(damping element) presented earlier was verified by comparing the
results with an analytical solution for a single-DOF (SDOF) os-
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Fig. 4 Ordering of element DOF on a super element.
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cillator and with a conventional finite element model 33 In these
comparisons, the damping element was considered part of a three-
element super element, as shown in Figs. 1a, 2, and 6c. The natural
frequency and the effect of loss factor on displacements predicted
by the present method agree closely with that of the SDOF oscil-
lator. The verification with a conventional finite element model is
performedusing MARC Analysis Research Corporationsoftware.*’
Two-dimensional,axisymmetric solid elements were used. Element
aspectratios were kept at 1:1 near the overlap region and increased
to 5:1 in the interior section. Because of eccentricity of loading and
interface shear, bending is introduced in the structure. Bending ef-
fects were neglected in the kinematic assumptions for the present
solution. To study the effects of bending on the response, two differ-
ent finite element analyses were performed. In the first, the model
was supported radially only at the left and right ends, and in the
second the entire model was radially constrained. The results show
that, for the radially unconstrained model, the difference in natural
frequencies is approximately 17%, and for the radially constrained
model, the results agree within 1%. Itis expected that the importance
of bending will depend on the geometric and material parameters of
the structure, which can be further investigated by additional para-
metric studies. Bending can be included in the kinematic assump-
tions, and the same solution procedure can be applied. However, the
complexity of the equations will increase significantly.
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Fig. 6 Some possible damping schemes using the formulation.
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Implementation of the Super Element in a Structure

The theory and the computer programfor the damping mechanism
were thus successfully verified and tested against the established
MARC finite element code.’” Now it is of interest to study the be-
havior of the super element in a structure. A program was written in
FORTRAN to analyze the harmonicresponse of a two-dimensional,
truss-type structure with members containing the damping ele-
ments.

The structure considered for the study was a 24-bay, truss-type
structure, as shown in Fig. 7, with the following geometric dimen-
sions: length L =77.590 m, top chord bay spacing S =3.233 m,
and height 7 =4.572 m. The length of the diagonal is equal to
4.849 m. The members located at the upper and lower chords are
exact beam elements with axial and flexural properties. These mem-
bers have a rectangular cross section with a 25.4-cm width and a
2.54-cm depth. All of the web members (verticals and diagonals)
of the structure are truss members and are represented by super
elements developed in this study. The super elements have three
sections, the middle one being the damping element (Fig. 1a). The
outer diameter of these members is equal to 30.734 cm. The thick-
nesses of the outer and inner tubes are constant at 0.254 cm. The
thickness of the viscoelasticlayeris either 0.254 or 0.0254 cm. The
cross-sectionaldimensionsfor sections 1-3 are as follows: thickness
hy =0.254 cm, h, =0.254 (or 0.0254) cm, and &, =0.254 cm and
radius r; =15.24 cm, r, =14.986 (or 15.100) cm, and r, =14.732
(or 14.9606) cm. All members of the structure are made of alu-
minum with the following properties (Table 1): modulus of elas-
ticity £ =69 GPa, density p =2800 kg/m®, and Poisson’s ratio
v =0.30. The storage modulus of elasticity of the viscous material
E? =2.07 GPa. No damping mechanisms developed in this study
are provided in the top and bottom chord members (longerons) be-
cause they are modeled as beam elements with flexural as well as
axial stiffness. If these longerons were truss members, the viscous
damping mechanism segments could have been used. Note, how-
ever, that the damping mechanism segments cause reduction in the
stiffness of the members where they are used due to the presence of
the viscous material in them.

Truss geometry, which includes the joint coordinates and connec-
tivity, is generated within the program. Boundary conditions chosen
for the truss place the truss on rollers at the two lower end joints
and fixes the truss against horizontal translation at the center of the
upper chord. The structure can be loaded with a harmonic vertical
force at any jointin the assembly. For the presentstudy, the structure
is loaded by a harmonic load of magnitude of 1 kN in the vertical
direction at the %th length point from the left (node 4, Fig. 7). Be-
cause the program uses exact equations, there needs to be only one
element per member to model properly the behavior of the entire
structural member. The program developed here uses conventional
subroutines for regular operations, such as assembly of elements,
rotations, and matrix inversions.

Table1 Material properties

Young’s modulus, Mass density,

GPa kg/m? Poisson’s ratio
Section  E; E. E, p Pe P,V Ve v
1 69 0 0 2800 O 0 03 0 0
69 2.07 69 2800 2800 2800 0.3 0.3 0.3
3 0 0 69 0 0 2800 O 0 0.3

9{ ’é S/N0d6‘4/—Node7

Results and Discussion

This section first presents the verification of the method and the
computer programdevelopedin this study. This verification subsec-
tion is followed by results delineating effects of loss factor, thick-
ness, and length of the viscoelastic layer on the behavior of the
truss-type structure.

Frequency and Mode Shape Verification

The computer program developed in this study to analyze the
truss-type structure was first tested against the MARC finite ele-
ment code.’” The first three frequencies and mode shapes of the
two-dimensional truss structure shown in Fig. 7, with all members
straightand withouta damping mechanism, were obtained fromboth
the computer program developed in this study and the MARC finite
element code. The first, second, and third frequencies as obtained
from the present program were approximately2.0,6.6,and 10.4 Hz,
respectively, and those obtained from the MARC code were 2.16,
6.5, and 11.28 Hz (Table 2). Therefore, the differencesin the first,
second, and third frequencies obtained from these two methods are
8.0, 1.50, and 8.40%, respectively. The program developed in this
study uses harmonic and frequency-domain analysis. A frequency
sweep increment of 0.2 Hz was used in the computationof these fre-
quencies. Given this somewhat coarser frequency sweep increment
used in the program, the maximum difference in the frequency val-
ues of about8% is very reasonable. Furthermore, the firstand second
mode shapes obtained from these two techniques are observed to
match closely, as shown in Figs. 8 and 9. This verification, thus, es-
tablishes the level of accuracy of the computer program developed
here.

Table2 Comparison of natural frequencies
of the structure

Current Percent
Mode solution, Hz MARC, Hz difference
1 2.0 2.16 8.0
2 6.6 6.50 1.5
3 10.4 11.28 8.4
1 T ¥ T T T T
0.9 4
0.8% B
5
B 07 oot R L R J
=
1%}
2ost -
T
@
B O5E XL i
L
w
2 :
u Q.4p - * | — Current Study 1
2 X MARC
<ok 4
= 0.3
T
0.2 -
O i J
o ‘ ; : ; ; i ; . ; x
0 01 0.2 0.3 0.4 05 0.6 0.7 0.8 0.9 1
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Fig. 8 First mode shape of the structure.
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Fig. 7 Truss-type structure geometry.
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Table 3 Parameters used in case studies

Percent length ~ Thickness of
Loss of damping damping layer
Case factor, n treatment he,cm
1 0.05 33 0.0254
2 0.01 33 0.0254
3 0.05 33 0.2540
4 0.05 50 0.0254
5 0.05 50 0.2540
6 0.10 33 0.0254
7 0.10 33 0.2540
8 0.10 50 0.0254
9 0.10 50 0.2540
10 0.70 33 0.0254
11 0.70 33 0.2540
12 0.70 50 0.0254
13 0.70 50 0.2540
15 T T T T T T T T
—— Current Study
*  MARC

TRANSVERSE DISPLACEMENT

I 1 L I I
o] 0.1 02 03 0.4 05 06 0.7 0.8 0.9 1
NONDIMENSIONAL DISTANCE

15 : i
Fig. 9 Second mode shape of the structure.

Effects of Damping Element Parameters

After the successful testing, the program was utilized to study the
effects of several valuesof loss factor, length, thickness,and percent-
age length of the viscoelastic layer on the behavior of the truss-type
structure with the three-sectionsuper elements (Figs. 1 and 6¢) used
as the vertical and diagonal members. Table 3 gives the values of the
parameters varied in the study. Vertical displacementsof nodes 4, 7,
and 13 of the structure (Fig. 7) are obtained as the structure is sub-
jectedto the frequency sweep at an interval of 0.01 Hz. The structure
isloadedby a harmonicload of magnitude 1 kN in the vertical direc-
tion at the %th length point from the left (node 4, Fig. 7). The results
fornode 13 are summarizedin Fig. 10; these are representativeof the
first mode response. [Node 13, the midlength top chord point of the
structure shown in Fig. 7, experiences maximum displacement for
the first mode (see Fig. 9).] Figure 11 shows a representativeplot of
displacementvs frequency for case 1 (Table 3). Although the results
presentedin Fig. 11 are generated with a larger-frequencysweep of
0.1 Hz and do not represent the correct displacementvalues, Fig. 11
is providedto illustratethe overall trend of the displacementsat three
nodes (4, 7, and 13) as the frequency changes. Figure 12 shows the
effects of the frequency sweep size (0.1 vs 0.01 Hz) on the dis-
placement magnitude (case 1, node 13 for mode 1). The results
presented in Fig. 10 are obtained for a finer-frequency sweep at an
interval of 0.01 Hz and represent the more accurate magnitudes of
displacements.

The very sharp response peak seen in Fig. 12 indicates a very
lightly damped structure. This indicates that the placement of the
damping struts on the verticalsand diagonalsis only lightly affecting
the overall structural response.

The parametric study results (Fig. 10) show two levels of re-
sponse.Cases with a shorter(33%), thin (0.0254-cm) dampinglayer,
regardless of loss factor, show less damping effect and a larger re-
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Fig. 10 Displacement vs case numbers.
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Fig. 11 Displacement vs frequency for case 1.
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Fig. 12 Displacement vs frequency as a function of frequency sweep
size (case 1, mode 1, node 13).

sponse. All other cases show more effective damping and a lesser
response.

1) For the range of loss factors considered, the change in the loss
factor of the viscoelastic element has only very small impact in the
damping of the main structure.

2) For the first mode, an increase in the thickness of the damp-
ing layer from 0.0254 to 0.254 cm decreases the displacement of
the structure when the damping layer length is 33%. However, no
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significantchange in the damping effectis noticed by increasing the
damping layer thickness if the damping length is 50%.

3) As thelengthof damping material increasesfrom 33 to 50%, the
damping mechanism provides more effective damping on the struc-
ture (i.e., displacements decrease) for the first mode if the damp-
ing layer thickness is smaller (0.0254 cm). When the thickness is
larger (0.254 cm), there is no significant change in the damping
effect as the length is increased.

It must be pointed out that, because the structure selected has
the damping mechanism employed in the diagonals and vertical
members only, resulting in a lightly damped structure, there is a
greater possibility of the results being influenced by numerical arti-
facts for lower modes. If the damping mechanismis provided on the
chordal members of the truss-type structure instead of the diagonal
and vertical members, the damping effects on the structure could
be enhanced. However, this may have an added adverse effect of
reduction in the stiffness of the structure.

Conclusions

A damping mechanismsuitablefor a tubulartruss structuralmem-
ber of circular cross section is developed that incorporates the be-
havior of a viscoelastic layer. The mechanism calls for overlapping
end portions of two tubes to be bonded together by means of a thin
layer of viscoelastic material. A super element formulation is de-
veloped to represent a full length of a truss member consisting of
one or more of such damping mechanism segments.

The element has been used to study the vibrationsuppressionin a
truss-type structure. The vibration suppressionis studied for a range
of frequencies. A parametric study has been performed to establish
the effects of loss factors, thickness, and length of the damping
material on a selected structure.

The damping characteristics of the mechanism developed can be
complex and depend on a combination of loss factor, thickness, and
length of the damping layer used. The damping effects on a struc-
ture using this mechanism may not, therefore, be observed to be as
intuitive as expected for certain modes of vibration. The numeri-
cal scheme developed and presented here allows rapid parametric
studies of these effects so that effective designs can be created.
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