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Vibration Attenuation

In Layered and Welded

Beams with Unequal Thickne
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Abstract—In built-up structures, one of the effective ways o

dissipating unwanted vibration is to exploit theweence of slip at
the interfaces of structural laminates. The presemk focuses on
the dynamic analysis of welded structures. A matiteral
formulation has been developed for the mechanisslipfdamping
in layered and welded mild steel beams with unedbalkness
subjected to both periodic and non-periodic fordeis. observed that
a number of vital parameters such as; thicknes®, rpressure
distribution characteristics, relative slip andedamatic co-efficient of
friction at the interfaces, nature of exciting fes¢ length and
thickness of the beam specimen govern the dampiaacteristics of
these structures. Experimental verification hasnbearried out to
validate the analysis and study the effect of thememeters. The
developed damping model for the structure is fotmdbe in fairly
good agreement with the measured data. Finallyrekalts of the
analysis are discussed and rationalized.

Keywords—Slip damping, tack welded joint, thickness ratio, i
plane bending stress

|. INTRODUCTION

ELDED joints are often used to assemble the fateita

structures. These joints have a great potentia¢doice
the vibration levels of these structures, therettgaeting the
interest of many researchers to understand the anexth of
vibration attenuation. Goodman and Klumpp [1] exsedi the
energy dissipation due to slip at the interfacesa ¢tdminated
beam. Studies by researchers such as; Goodmart§lles
[3], Murty [4] have shown that the energy dissipatiat the
joints occur due to interfacial friction which isone than the
energy loss at the support. In fact following therkv of
Goodman and Klumpp [1], early researchers, sudilasuko
et al [5] and Nishiwaki et al. [6], studied the da@ng capacity
of layered and bolted structures assuming unifort@nisity of
pressure distribution at the interfaces. Howeuegjrtwork is
limited to the layered and jointed symmetric stes
vibrating under static conditions. Nanda [7] examdinthe
interfacial slip damping in multilayered boltedwsttures and
developed a theoretical expression for the presdistebution
at the interfaces of a bolted joint by curve figtithe earlier
data reported by Ziada and Abd [8]. They furtheidegd the
vibration characteristics of bolted structures astiablished
the effects of number of layers, diameter of balsl use of
washers on the damping capacity.
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In their analysis they neglected the effect of lanp
bending stresses on the slip considering the daygapacity
of layered and bolted structures with symmetric tit@arer
beams vibrating under static conditions.

The effect of non-uniform interface pressure disttion on
the mechanism of slip damping for layered and guribeams
vibrating at static conditions has been examinexkmty by
Damisa et al. [9]. Damisa et al. [10] also examittesl effect
of non-uniform interface pressure distribution ome t
mechanism of slip damping for layered beams ungeamic
loads. Though these researchers considered thdarie-p
distribution of bending stresses but all these yemeal are
limited to the symmetric structures with singleeifaice.

Although a lot of work has been carried out ondaenping
capacity of bolted structures, little work has beeported on
the mechanism of damping in layered and weldecttsires.
Recently, Singh and Nanda [11] proposed a method to
evaluate the damping capacity of tack welded gtrast They
established that with the increase in the numbead{ welds
the damping capacity decreases.

Il. STATIC ANALYSIS

The two layered and tack welded cantilever beamainod
with overall thicknessI2 width b and length as shown in Fig.
1(a) is considered to find out the damping ratibe Toading
consists of uniformly distributed pressure at thterifaces due
to contact between two flat bodies, and a concesarkbad P
is applied at the free end, X= Each of the two halves of
thicknessh; andh, is considered separately with the loading as
depicted in the Fig. 1(b). The continuity of stressl vertical
displacementV is imposed at the interfaces. At some finite
value of P, the shear stress at the interfaces will reach the
critical value for sligr, =up, where g and p are the

kinematic co-efficient friction and interface press
respectively. Additional static force due to exiita will

produce a relative displacemeﬁu(x) at the interfaces.

Fixed End Layer1 /1= nh;
I+

=——pFt

Welded Joint

Layer 2

Fig. 1 (a) Two layered tack welded cantilever beaodel

1SN1:0000000091950263



Open Science Index, Civil and Environmental Engineering Vol:6, No:8, 2012 publications.waset.org/8954.pdf

World Academy of Science, Engineering and Technology
International Journal of Civil and Environmental Engineering
Vol:6, No:8, 2012

¢¢¢¢¢¢¢¢¢¢¢¢,L fof
———————————————————— - 3
____________________ P —
ARARAREEAREN F
i

r’JC,uF?Qe«r ——————————— _LPI
Y - 7:717 g ﬂzn

My, =— i - = h,

R s

f— v —le—— 1 —f
Fig. 1(b) Two halves of the beam depicting load

A.Interface Pressure Distribution

Contrary to this, the pressure distribution atititerfaces is
assumed to be uniform owing to the contact of theeu layer
over the lower one. Therefore, the relation for famn

pressure distribution as given by Johnson [12] andL

Giannakopoulos et al. [13] due to contact of twat thodies
has been considered and the same is given by;
P
X) =— 1
P(x) = (1)

whereP andb are the normal load per unit length and width of”

the beam respectively.

B.Analysis of Static Response

The static response is evaluated considering timtefb
structure fabricated with cantilever
thickness. The ratio of the two layers considesegiven by;

Bon @

h,

where hy, h, are the thickness of the upper and lower layery, =

respectively anah is a constant.

Furthermore,

h +h,=2h (3)
Solving expressions (2) and (3), thickness of thpeu and
lower layers is given by;

beams of uméqu

Invoking the relation between bending moment andature
we get;

d’v

dx®
whereE is the modulus of elasticity
Putting expression (5) in (7), the following exmmies is

M =-El )

obtained;
dv, _ 1 ,upbnh]

=—|R- I-x 8a
dx? Ell(l n+1 (1=x) (62)
dv, 1 [ ,upbhj

=—|P- [ —x 8b
dx* ELL? n+1 (1=x) (8b)

where/l, (bh?/12), 1, (bh;/12), v,and v, are the moment of

inertia and static response of the laminates 1 and

respectively.
Integrating expression (8) once we get;
upbnh X
P-—— Ix—— |+ 9a
dx El ( n+1 J{ 2] G (92)
dv, _ 1 ,upbh] X
—=—|PB- IXx=— |+ 9b
dx El, ( n+1 2 S (9b)

here C,,,C, are the integration constant and is evaluated to

be zero by putting the boundary condition,
=0in the expression (9).

(M), ("),

Further, integration of expression (9) yields;

_3(n+1°(__upbhn\( ¥ X

1_2Ebh°’n”[ Yon+l J( 2 J = (102)
3(n+1)°(_ _upbh)(1¥ ¥
2EbK [PZ n+1j 2 6 * G (100)

where the integration constant,, = C,, =0

sincevy| _ =Vv,| _, =0.

Furthermore, it is assumed that the continuity @qogrevails
as such;

h=2mn (4a) v, =v, (11)
_ ZV o (4b) Solvm? expressions (10) and (11) we get;
n o n’P+n(2rf - n+1) Q a2
= a
1 3
The resultant moment at the centroid of each lateims n"+1
shown in Fig.1 (b) is given by; _P+ ”( n-1) Q 12b
M, =R(l=x)-up n+1(|_ X (5a)The two dimensional parameters Q and R are defised
M, = Py(l = X) - 1 pb—— (1= %) (5b) Q= 4pbh (132)
2 =R U=X)—up -
n+1 _ Ebh (13b)

where the subscripts 1 and 2 refer to the upper langr
laminates respectively. MoreoveF,’1 and P2 are the static

forces acting on the laminates 1 and 2 respectaglghown in
Fig. 1(b).

Furthermore,

R+R=P (6)
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Using the expressions (10), (12) and (13), thdcstasponse
in terms of “Q” and “R” are finally found to be;

e SO R T I
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C.Evaluation of Relative Slip
The displacement at any axial position x ayid, = +h/ 2
are given by;
_ —-[O'X hl dV
' 2 dx
u, :—IUX d x+&i
=

2 dx
These displacements are produced by the resukaitfarce

F.,and momeni, , about the centroid of each half of the Iax +pA¥ 0

beam as shown in Fig.1 (b). The parametgns, are the
vertical deflectionsE is the modulus of elasticity and, , o,
are the in-plane bending stresses. It is assumatl ttte
continuity equation prevails, i.ev, =v, = v

From the force equilibrium, the in-plane bendingesses in
the upper and lower laminates are computed as:

:—,up(n+1)(| -x)

& 2nh
= _#p(n+1) (1-x)
2 2h

Combining expressions (14), (15) and (B8 simplifying,
the relative slip displacement at the interfacegivien by;

3(n+1)°h (n3+3n2+3n+1)
Au=u,-u = P- Q|x

4(n3+1) RI 3n(n+1)

(17)
2
]
I I
(n3 +3n% +3n+ :I)
Slip will occur only ifP>P, =2—————2 Q.
3n(n+1)

where, P, is the critical static load. This is the minimuoad
required to initiate slip.

Ill. DYNAMIC ANALYSIS

For the forced vibration of a cantilever beam, ttatic
analysis has been extended to include distributedia forces
and examine their effect on the mode shape, sfifrilution
and energy dissipation due to slip. The presemhditation is
the extension of static analysis as depicted inpiteeeding
section for the beam as shown in Fig. 1.

A.Analysis of Dynamic response

(15b)

(16b) Vi = Z¢i (1% (¥

e EG G

The term in the bracket represents the static riwusion and

(15a) satisfies the end conditions;

dyv, v
Vil oo =0—> =0——{ =0wm|_ =0 (21)
dx x=0 dX x=I
but not the dynamic equilibrium equation;
4
o°v d%v 22)

where, El andp are the flexural rigidity and density of the
beam, respectively.

The displacemeny, produces the dynamic loads as given by;

S ad 13-4 o

whereA is the cross-sectional area of the beam.

(23)

(16a) Moreover, the displacementV() representing vibrations

produced by the force function (23) is expressed as
(24)

I
where X; (x)and ¢, (t) are the modal and time-dependent

functions, respectively.
v, must satisfy the end conditions;

dv | _
dX|x:O

=0; =0 (25)

Vit e

X; (x) are the solutions of the expression (22) and gedisfie
end condition as given in (25). Thus we get;

X; =sinhk | sink (1-x) - sink | sint (1- x) (26)
wherek; are the roots of the following expression;
tanhk;| = tark | (27)

The total displacement is then given by;
_9(n+1) 3[ij 1( XT
= = === | f(t)+ - (E)X (X 28
S A e an e
Applying the principle of virtual work, TimoshenK&4] has
shown that the time-dependent functiogs(t) must satisfy
the differential equation

grg = (Y

(29)

The forced vibration of the beam produced by a timavhere the dot superscripts denote differentiatigih wespect
dependent displacement at the unsupported end &es bto time. The coefficientsl are obtained by expanding the

considered such that;

force function (23) in a series of the normal fimas, X; .

Ve = (1) 8) Thus.

Following Timoshenko [14], the dynamic displacemeast 9(n+1)3 T3 1/ %) )

composed of two parts; Yo Aot (t){z[lj _E[Tj }: -Aof(t)Y b X (30)

VESVERY (19) (n®+1) i

where and the coefﬁcientsh are obtained from the following
expression;
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deflection is finally found to be;

| o ey -2 2 oy

jxﬁdx 8(“ +l)

(n+1)3{ }|:3(ij . 1( Xja:l y Integrating and simplifying the expression (39k thansverse

(40)
—ZQXf ZQX pj r)sin p( t-7)dr

Integrating the expression (3b)is finally found to be;

B.Evaluation of Dynamic Slip

_ 9(n+1)3 (32) The relative slip at the interfaces under dynaroiedition is
b = 4(n3+1)KI(sinhKI— sirlgl) evaluateql by pombining the expres§ions (15), (18) @0).
The relative slip at the interfaces is given by;
2
The general solution of expression (29) is given by Au, =u, -y = _M 2x ﬁ hﬂ’ (41)
8(n° +1) Eh 117 dx
- i _ﬂl : _ Utilizing the expression for mode shape as given(48) in
¢ (t) = Acospt+ B sinpt o -c( ( )sm p( t T) ar - (33) (41), the relative slip is modified as;
+1 2
where 2 Au, _9(n )? _upl? f(t) 2x _)(22
[ £ j:/ p 8(n3+1) En 21 o
pi = ——
Ap +hy"hk[sinhklcosk (I~ X~ sinkl coslk(1-¥]  (42)
Constantg\; andB; are evaluated from the initial conditions; i
v(0)=U(x,0 34a t
( )=V(x0) (42 f(t)-p [ f(r)sinp(t-7)dr
v(0)=V(x0) (34b) 0

C.Analysis of Energy Dissipated

The energy is dissipated due to friction and redatlynamic
slip at the interfaces. For completely reversedlilug the

3 3
En 1) { [ J __l[l() } f(0)+> x;{A} (35a) product of the shear forcg/p and the relative displacement,
i
9

Putting expression (28) in (34),andV are evaluated as;

n +1) 2l Au is integrated over the length of the beam whidioisd to
be equal to one-fourth of the energy dissipatioa tomplete

+1 3.

v ey x(m ) s ook
8(n +1) 2\1 2\1 i Thus, energy dissipation per cycle as establislye@dndman
and Klumpp (1956) is given by,

Moreover;
9(n+1)° {3(5]2__1[%3} _Shx (36 Foe " 4bff Au(¥)d x= 4u plf y- yd (43)
8 AN I
(n +1) . . S where, uland u,are the d|splacements in the x-direction of
Putting expression (36) in (35) and simplifying ge; points on the adjacent faces of the upper and Ihadrbeam
U(x0)=> %{A+b (0} (37a)respectively.
i Substituting the expression (42) in (43) and iraégg, the
\V; ()go) = Z xi{ Bp+ p'f( o)} (37b) energy dissipation per cycle is given by;
i n+1)> pl?
Putting the initial conditiond&J=V=0, the constant&, andB;  E . =44 pb?—{ f( t)—u%} (44)
are found as; 6n  Eh
A =-h (0) (38a) The expression (44) is modified putting two dimensi
h parameters Q and R as given by expressions {13(d)18

B = _F f(0) (38b) (b)} and the same is given as;

( 2
Substitution of expressions (33) and (38) in (48)ds; Epss = 4Q[ f(t)_@%J (45)

2 3 n

v(xt)= 9(n+l) {3(X) _l[lxj} (0)> b X cospt

( ) 2 i (39) D.Evaluation of Loss Factor

b In vibration problems, it is most convenient to egs the

Z‘ P Xisinpt- Z XI f(r)sinp(t-7) & dissipative properties of the system in terms ofn-no
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dimensional quantities such as the damping rélticand loss
factor 77, defined by;

p = (46a)
ne
_
7, = Foss _ ¥ (46b) # Nl
2nE,, 2m
where, E, . is the maximum strain energy stored in the syster
1. Output vikeation picky, 2. Amplifier 3. Vibration aceuisition
The maximum strain energy stored in the systenetimg of 4 ,,[L;m mm:, . 5 ;mi',i“pph_ i ;:mm“;es
dynamic deflection at the tip of the beam is gibagn 7, Power anplifier 8. Vibsation Generator 9. Input excitation pickup
_ 1 2 _ 2 10, Tack welded cantilever beam 11. Fixed end
Ene _E k[ f(t)] - R[ f( t)] (47) Fig. 2 Experimental setup
where[k = S—EI] is the bending stiffness TABLE |
| DETAILS OF MILD STEEL SPECIMENS
Putting expressions (45) and (47) in expression(®6and  Thickness Width of ~ Cantilever  Type of
simplifying, the damping ratio in terms of dynamtip of the the length welding
2
4 n+1 (ha+hy) (mm)
Y= 9 2| f (t)_( ) Q (48) (mm)
RLA(1)] on R
Putting expression (48) in expression 46(b) andokfymng, (gig) 283 520.6 Tack
the loss factor in terms of dynamic tip displacetrisrgiven §9+3; 40'2 ' Welding
as , (10+2) 40.2
2 n+1
s :—Q2 f(t)—ug (49) (6+6) 40.2 Tack
R f(1)] 6n R (8+4) 40.2 560.4 Welding
This result clearly indicates that the value fopression (49) (9+3) 40.2
cannot be fully determined until the forcing timepeéndent (10+2) 40.2
displacement functiofi(t) is fully specified. Consequently, we (6+6) 40.2 Tack
limit our analysis to the following case namely: (8+4) 40.2 600.6 .
wherew is the excitation frequency (9+3) 40:2 ' Welding
(@) f(t) =FH (t-t,) (30a  (10+2) 40.2
Wherl? ';(t) is the Heaviside function ang is the The frequency response has been generated farghéobr
amplitu em modes of the vibration. The frequency response exurat
(b) f(t)=F,e (50b) different loadings are shown in Figs. 3 and 4. The

experimental damping ratio is then evaluated using

The dynamic response, slip and the loss factor hHaeen experimental FRF curves.
evaluated for the above cases bft) putting the expressions
{50(a) and 50(b)} in (40), (42) and (49).

IV. EXPERIMENTAL SETUP AND EXPERIMENTS

An experimental set-up as shown in Fig. 2 has been
fabricated to conduct the experiments. The specnee
prepared from the stock of mild steel flats by tagtding two
layers of various thickness and cantilever lengtie details of

Semilog Magnitude

the mild steel specimen used for experimentatiengaren in 0"}
Table 1. The cantilever specimens are excited teanally by
a time dependent displacement at the free endthétielp of 10 . : : s . . .

. . . . . . . 0 50 100 150 200 250 300 350 400
vibration generator. The input excitation and otitgibration Frequency (Hz)
are sensed with vibration pick-ups and the cormedimy Fig. 3 FRF plot at harmonic loading for jointed amelded cantilever
signal is fed to a digital storage oscilloscope ohhiis beams of dimensions=600.6x40.2x3 fnm

connected to the computer with vibration analyzdtwsare i.
e., Lab View of National Instruments limited.
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Semilog Magnitude

0 50 100 150 200 250 300 350 400
Frequency (Hz)

Fig. 4 FRF plot at Heaviside loading for jointedlamelded
cantilever beams of dimensions=600.6x40.2x3mm

V. RESULTS AND DISCUSSION

The loss factor for two layered and tack weldeddrsiieel
specimens of unequal thickness have been found
numerically using the expression (49). From thialgsis the
following inferences have been drawn as detailetbvine
Energy loss in the welded structures with variobiskness
ratios for a particular configuration has beentglbtin the Fig.
5.

1 -

[=] [=1 (=}
4 [=3% =]
L L L

Normalized Fnergy loss 5
[=]
o
\

u T T T T 1
2 3 4 5
Thickness ratio -

Fig. 5Variation of Energy loss with thickness ratio foelded
cantilever beams

=1
—
3

All other parameters remaining constant, with thiess
ratio greater than one, initiation of slip requiraslarger
displacement and the energy loss reduces comparebet
jointed beam of equal thickness. In other wordsergy
dissipation is maximized by having the slip intedaat the
centroid of the total beam cross-section. The viaraof
critical load and amplitude has been plotted in Big

Normalized Crtical Load ———
L)
el
\

05 T T T T 1
0 1 2 3 4 5
Thickness Ratio =
Fig. 6(a) Variation of critical load with thicknesstio for welded
cantilever beams
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0.5 T T T T 1
0 1 2 3 4 5
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Fig. 6(b) Variation of critical amplitude with thiness ratio for
welded cantilever beams

out 1o

075
Slip
0.50

025

0z
WL

1

2 0é
3
473 Tl U4

Thickness ratio

Fig. 7 Surface plot of normalized slip with axiasition and
thickness ratio

From the plots it is evident that the critical loamd
amplitude increases with the increase in thickmasis. The
variation of relative slip with an axial distanaerh the fixed
end has been plotted in Fig. 7. From the figurés iguite
evident that the relative slip increases with tistashce from
the fixed end. Moreover, the relative slip is maxim at
thickness ratio of one and decreases as the mfiwieased.
In welded beams of equal thickness the slip surfaca the
centroid of the total beam cross-section.

It is evident from the expression (49) that for beam with
the same total thickness, the loss coefficieninigdased by
having laminates of equal thickness. However, fointgd
beam with laminates of unequal thickness, the oofstip is
delayed due to higher critical load, as comparethab of the
laminates of equal thickness as evident from theressions
(17) and (42). The reason being, slip interfaceas at the
centroid of the beam in case of layered and welded-
symmetric beams thereby raising the critical load.

The variation of energy loss with the initial antptie of
excitation for the layered and jointed beams of reygtnic and
non-symmetric beams has been plotted in Fig. 8mFtioe
figure it is apparent that the energy dissipatiocréases with
the increase in initial amplitude of excitation.ofr the
expression (45) it is deduced that the energy hss to
friction is directly proportional to the initial gulitude of
excitation which establishes that energy dissipatis
enhanced with increase in initial amplitude of &admdn.
Further, the relative slip at the interfaces isréased due to
increase in initial amplitude of excitation as shovin
expressions (17) and (42), thereby enhancing tleeggross
due to friction.
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1.00
075
Energy loss 0.50
025
000

0.5
04
02°7  Amplitude (rum)

5 01

Thickness ratio

Fig. 8 Surface plot of normalized energy loss \aithplitude and
thickness ratio

The dynamic response of the two layered welded beam *do

with various thickness ratios have been shown éFRlys. 9
and 10. From the figure it is evident that the dgitaresponse
decreases with the increase in the thickness ratio.

10n

075
Diynamic response

025

UDDD fh

Thickress mfio 3

Fig. 9 Surface plot of dynamic response with agi@dition and
thickness ratio greater than one

—

10
0z

i 05
CIesponss
; PO g

n2
nn

02 04 =
coNE

Thackuese ratio

Fig. 10 Surface plot of dynamic response with ag@ition and
thickness ratio less than one

1o 0o -

The variation of relative slip with an axial distanfrom the
fixed end and normalized time has been plottedgs.A.1 and
12. From the figures it is quite evident that tletative slip
increases with the distance from the fixed endiamdaximum
at the free end.

0004
g 3
Wormalzed Tiree (cyces) 16 97 i

Fig. 11 Normalized slip profile at Heaviéide loaglifor jointed and
welded cantilever beams

D‘|1 D.
pooz Mo
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The variation of dynamic response with an axiakagise
from the fixed end and normalized time has beeltgdoin
Figs. 13 and 14. From the figures it is inferreatthhe
dynamic response increases with the distance frarfiked
end and is maximum at the unsupported end.

Dynamic slip

T 04 0g o
Normmalized tirme (cycles)

2 |
16 99 02 04 S

Fig. 12 Normalized slip profile at harmonic loadifog jointed and
welded cantilever beams

10
08
06
Dynatic response 0.4
02

Fig. 13 Normalized dynamic response profile at H&de loading
for welded cantilever beams

Dynamic response g 4

06 08

Nomualized tive (cycles)  °° 10 =z 04 o

Fig. 14 Normalized dynamic response profile at lammloading for
welded cantilever beams

The variation of relative slip with respect to dxilistance
from the fixed end versus frequency ratio for Hemké and
harmonic loading have been plotted in Figs. 15 d6d
respectively. From the figures it is concluded tthet relative
slip increases with the distance from the fixed emdl is
maximum at the unsupported end. Moreover the welatlip
increases in the pre-resonance region with theea@sing
frequency and is maximum at the frequency ratiordd, i. e.,
at the resonant frequency. The variation of dynamgponse
with respect to axial distance from the fixed enersus
frequency ratio for Heaviside and harmonic loadiage been
plotted in Figs. 17 and 18 respectively. It is evidthat the
dynamic response increases with the distance frarfiked
end and is maximum at the unsupported end. Morether
dynamic response is maximum at the resonant freqpiéne.,
at the frequency ratio of one.
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The theoretical loss factor has been evaluated/doious
configurations and vibration conditions using theression
(49) and plotted along with the corresponding eixpental
ones as solid (—) and dotted lines (------ ) aswshin Figs.
19 to 21 respectively for comparison. It is obsdrtleat both
the curves are in good agreement with a maximurnatian of
9.8% which authenticates the theoretical analyBig. 19
shows that the loss factor decreases with the aserén the
initial amplitude of vibration at the free end bEtbeam model
although increase in the amplitude of vibratiorseai energy
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loss due to friction. The strain energy introdudatb the
system is proportional to square of the amplitusegigen in
expression (47). However, the increase in amplitude
excitation increases the input strain energy atighdn rate
compared to the energy loss due to friction whihiriearly
proportional to the initial amplitude as given irpeession
(45), thereby reducing the damping capacity.

0.1 7
——n=1
A n=h,/h, ——n=2
0.08 1 \ ——n=3
\ —a—n=5

0.06 1

Loss Factor
jol
[wl
=
.

0 T T T T T d
0 0.1 0.2 0.3 0.4 0.5 0.6

Amplitude (mm) ——>
Fig. 19 Variation of loss factor with amplitude fointed and welded
cantilever beams of dimensions=600.6x40.2x6’mm

From the Fig. 20, it is concluded that the dampiapacity
decreases with the increase in thickness. Fronexpeession
(47), it is evident that the strain energy introgdidn to the
system is enhanced with the increase in thickriegsressions
(17) and (42) reveal that the increase in thickims®ases the
relative slip thereby raising the energy loss. ailtgh the
energy loss is enhanced with the increase in teigknbut the
damping capacity is reduced as the dissipatiomefgy is at a
slower rate compared to that of the input straiergy

0.08 7
0.06 1

0.04 1

Loss Factor

0.02

2 3 4 5 6 7
Thickness (mm) —>
Fig. 20 Variation of loss factor with thickness fomted and welded
cantilever beams of dimensions=600.6x40.2%and
amplitude=0.1mm

Damping capacity of the layered and welded strastur
increases with the increase in length as showngn2i. With
the increase in length, the interface area is asad resulting
in greater dissipation of the energy due to frictio
Furthermore, with increase in length of the joinie@dm, strain
energy introduced into the system is reduced adeatifrom
the expression (47). Hence, the overall effechisnarease in
the damping capacity of the system.
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Fig. 21 Variation of loss factor with length foiijeed and welded
cantilever beams of dimensions=40.2x6hamd amplitude=0.1mm

VI. CONCLUSION
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B. K. Nanda, “Study of the effect of bolt diatere and washer on
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H. H. Ziada and A. K. Abd, “Load pressure disition and contact
areas in bolted jointsfhstitution of Engineers (Indiajol. 61, pp. 93-
100, 1980.

O. Damisa, V. O. S. Olunloyo, C. A. Osheku, ahdA. Oyediran,
“Static analysis of slip damping with clamped laated beams,”
European Journal of Scientific Researsiol. 17, no. 4, pp. 455-476,
2007.

O. Damisa, V. O. S. Olunloyo, C. A. Osheku, andAA.Oyediran,
“Dynamic analysis of slip damping in clamped layebeams with non-
uniform pressure distribution at the interfacégurnal of Sound and
Vibration, vol. 309, pp. 349-374, 2008.

B. Singh and B. K. Nanda, “Effect of welding on tslgp damping of
layered and jointed structuresJournal of Engineering Mechanics
ASCE vol. 136, no. 7, pp. 928-932, 2010.

[12] K. L. Johnson,Contact mechani¢gsCambridge University Press, New

York, 1985.

A mathematical model for the investigation of thqls] A.E. Giannakopoulos, T. C. Lindley, S. Suresh, abd Chenut,

mechanism of slip damping in layered and weldedcstres
with unequal thickness, subjected to dynamic camult has
been developed. In the present analysis, exphtittions has
been found out for the dynamic response, slip, ihssd
energy and loss factor for the welded non-symmetitilever
beams under both periodic and non-periodic foréimgtions
of the Heaviside and harmonic type. Proposed maitieah
model for damping is validated by conducting expenits. A
set of measurements have been taken, which sersed a
gualitative, experimental validation of the procedu-rom the
analysis, it is inferred that the damping capaeftiayered and
welded structures is substantially enhanced byidating the
structures with symmetric beams. It is also obskthat onset
of slip is delayed in the structures fabricatedhwieams of
unequal thickness. Energy dissipation is maximizgdhaving
the slip interface at the centroid of the totalrheaoss-section
which is the case of jointed beams of equal thiskn€&urther,
it is also deduced that the pressure distributtaracteristics,
relative slip and kinematic co-efficient of frictioat the
interfaces, length, thickness, and dynamic ampdituof
excitation are the vital parameters influencing ttemping
capacity of fabricated structures with unequalkhéss. The
present analysis will help the designers to modat t
complicated realistic structures in which slip damgp is
predominant.
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