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Dynamic Analysis of an Indeterminate System with Cantilevers Coated

with Viscoelastic Material
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Abstract

A simplified FRF(frequency response function) model of an indeterminate cantilever system

with viscoelastic material layers is derived. A way to calculate modal damping of the system from

the dynamic properties of the viscoelastic material is proposed. The model is experimentally

verified.
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Fig. 3 Idealized model 2
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PA=01A1t 024, (2)
ol wl, w(x,#)=v(x)sin wtzl 3t 4 (1)L e
3 zEo]| AulgutAAlo] sirh
d'Viz) . o jé_PAW
ot AV =0, M= (3)
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V (x) = Bisin Ax + Bzcos Ax + Bssin hix

+ Bycos hAx {4)
=3 g e AAZAE uEsfol gt
(i) V(=0 (5)
(i) dV(0)/dx=0 (6)
(iii) dV (1) /dx=0 (7)
= _ d 1)(11, t)
(iv) = Vs, ¢)=EI o
-m 621)(11, t)
VT ®)
T daV(ll) _m -
BE Bl 5 7V (L) 9

Bi=—B,, Bs= — B,

Bi _ sin Al +sin hdl,
B: cos Ali—cos hil,

4pA11
mAl,

— (1—cos Al; coshl,) =0 (11)

(10)

(sin Ascos hAl,+cos AL, sin hAl,)

— 2 [EL
wn =N/ o (12)

Vaulx) = Cn(sin Anx +Drcos Anx —sin hdnx

— Ducos Anx) (13)
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D= e T T, 14
FulA welof ofg AAIzAR ssletd AL

&3 e,

(i) »(0,)=0 (15)
(it) #°(0,£)=0 (16)
(iii) ER” (11, t)=—F(¢) (17)
(iv) ER” (1, t)=—M,(¢) (18)
(v) y(t)=v(ly, ) +10(1) (19)

(vi) 6()=—v' (11, 1) (20)
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(i) m () =ov(ly, $) +16(8) =01y, 1)

=L (14, 1) (21)
(i) P—4F=myi=m[5(1y, #)
—L¥ (1, 8] (22)
(ix) Jé=—J7 (1, t) =P (1.—1.)
—4AMs+4F1, (23)
Aol BAAEE delshd EAYAAL g3 3

RF—FF=0 (24)

Fi=Ki(cos Al,+cos hAl,) —sin A1,

+sin hAl;+ CiAli(cos Al —cos hAly) (25)
F>= Ki(sin A1, —sin hAly) +cos AL,

—cos hAl,+ CiAl: (sin A1, —sin hAly) (26)
F3=—K,(sin A1,+sin hAl,)

+ Ci{sin A1, —sin hAl;)

— (Co+ K3) (cos A1y —cos hAl,) (27)
F,= K>(cos Al+cos hAl,)

— Ci{cos Ali—cos hAl;)

— (Ce+ K.) (sin Al +sin hAly) (28)
Ki=4pAl,/mAl, (29)
K:=4pAlL/m(A1,)? (30)
Ks=JAL/mli (31)
Ci=1/1, (32)
C:=A1,Ct (33)
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£ Table 13 Table 20l v] &3}

Table1l Comparison of natural frequencies of model 1
and model 2 with experimental results(m=
602.4g, t,=0.8mm, $=37mm, 1,=83.4mm)

1,(m) | Mode | Exp.(Hz) [Model 1(Hz) |Model 2(Hz)
0.18 1 10.16 9.99 4.83
2 129.69 131.78 10.07
3 132.17
0.24 1 6.25 6.39 3.77
2 75.00 74.62 7.15
3 74.75
0.30 1 4.69 4.50 2.81
’ 2 49.22 48.07 6.05
3 48.09
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Table 2 Comparison of natural frequencies of model 1
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Fig. 4 Single DOF model of the material test
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