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SANDWICH PATCH WITH THERMOVISCOUS FLUID
CORE, FOR INCREASING DAMPING OF PANELS

Jean-Louis Guyader, Ha Dong Hwang and Kerem Ege
LVA, INSA-Lyon , 25 bis Avenue Jean Capelle, F-636Reurbanne Cedex, France
e-mail: jean-louis.guyader@insa-lyon.fr

The introduction of a thermo-Viscous Fluid (TVF)tWween two skins, produces a
sandwich with high dissipation. This was studiedHiyssain and Guyadeteading to
equivalent material properties depending on skimisfluid core properties. An important
result is that contrary to standard sandwich pawels polymers cores, the damping loss
factor of such TVF sandwich is constant with freqeye When applying damping
treatment on structures, bonded patches are gbnasald. In this paper the use of TVF
sandwich patches on a panel is described througiodel of heterogeneous plate, the
predicted vibration response of the structure shawsncrease of damping due to the
patch. Estimation of modal damping loss factorglierplate with TVF sandwich patches
are given depending on the patch size and TVF tieis&.

1. Introduction

A method has been developed by Hussain and Guyaderedict the damping behavior of an
equivalent plate formed out of sandwich panels wigrmoviscous fluid core, which is based on an
asymptotic approach. The technique works on thakone of the basic physical quantities of the
fluid core such pressure, temperature and panlecities as constants and linear functions of the
z coordinate which signifies the perpendicular dioecfrom the plate mid surface. The asymptotic
modeling is performed in a very thin and highly rtheviscous fluid layer on the full set of
linearized Navier Stokes equations. The use of Ihigiscous fluid layers yields high damping
coefficients in all the frequency range and nobrggty variable with temperature. Experimental
validation provides a good agreement.

2. Equivalent thin plate equation

In order to consider the plate and the thermo-wisdtuid layer as a single structure, Hussain
and Guyadérdeveloped an asymptotic analysis of a double m@g&tem with internal thermo-
viscous fluid. In the limit of thin fluid film, théransverse vibrations of both plates are identcal
the fluid film motion can be expressed from thatled plate in order that a global plate equation
can be derived:
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Lofw(x y) + Le{w(x v} =0 (1)

Where the plate displacement }él()@ y) (identical for both skins of the sandwich),

Lofw(x y)} (resp. Le{w(x, y)}) is the operator associated to the plates (t¢htéeno-viscous fluid
film).
Considering harmonic motions of angular frequefcythese operators are expressed as:

LP{W(X’ y)} =-of (/01 h, +p,h, + o, 5) + (Dl +D, )AZ (2)

ey} jof P g
3)

Where A is the Laplacian, the skin plates thicknesses hclrand hZ, and the fluid film
thickness isO. The mass per unit volume of the plates and thigl fare p, , p,and p, , the

bending rigidity of skin plates at and D,. The thermo-viscous fluid has a coefficient ofehe
viscosity (resp. Bulk viscosityy (resp. ) andy = uy +}é,u .

The equation (1) corresponds to that of an equitdlen damped plate which is expressed as:
(- "M+ Dot + je AW (x, y)} =0 (4)

WhereM,, =(o,h, +p,h, +0,3) , D, =(D, +D,)and A,, = (b ;hz))(m/,,

The equivalent mass is the sum of that of p(alplq +,02h2) and of the added fluid mass
P,0 . The equivalent rigidity is the sum of the plabesding stiffnesse{;Dl + DZ). The damping

term is associated to a Laplacian operator thas ¢ appear in the standard plate equation. So,
the equation for the equivalent sandwich plate$ wiermo-viscous fluid core isftBrent from the
standard Love KirchH6 bending plate equation. The equivalent plate dagpffect is related to
the skin plate thicknesses and viscosity of theoshermic fluid.

3. Equivalent structural damping

In order to find out the structural damping factbthe equivalent plate let us consider a one
dimensional plate solution of progressive wave famrthe x direction whose displacement function
given as:

W(x,y) = Ae™ (5)

Substituting this expression in the homogeneousgvatgnt plate equation yields:

— @M+ D k* + jah k?* =0 (6)
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Eqg. (6) can be resolved férgiving the two values.

- jah £ VA
2D,,
With these values, Eq. (6) can be rewritten as:

2
ka,b -

anda = (@, ] +4a’M D (7)

€q—eq

A-w’hy 200D o
A+aw’Xy, ~D+a’A,

—@W’M,,+ Deq( =0 (8)

Eg. (8) supposes thal is real, this is true in the majority of cases kuwer for very light
materials with low rigidity, A becomes imaginary and the following calculationsstrbe changed
accordingly. Let) be the loss factor due to the viscous layer, thenfactor is identified as the
ratio of the imaginary and the realffiess:

_ 2meq;/§ _ mquzF ©)
A-w'Ay, T -4,

Wherel = -7, +4M D

eq—eq

In the case wherd,, << 21/Mqueq a simpler expression of the damping loss factorbeaderived:

Aeq
n= W (10)

eq—eq

One important tendency appears here; the dampgsyféxtor is not frequency dependant contrary
to sandwich plates with visco-elastic cores, init@old the coefficients of viscosity of thermo-
viscous fluids are generally not temperature degenoh a wide range of temperature and the loss
factor remains identical in a larger range of terapees.

In the following numerical results are presentearider to show the efficiency of sandwich
plates with thermo-viscous fluid core to get higldgmped panels. Results are compared to
standard sandwich panels with viscoelastic cordglam case of partial and total coverage of panels
is discussed.

4. Modal Loss Factors of Sandwich Plates

Modal damping levels of a simply supported rectdag@aluminum plate treated with a
constrained layer damping (CLD) patch of a thermmoaus fluid core are computed, and the results
are compared to the same plate structure of aelastic polymer core. Dimensions of the base
plate and the patch are 0.5*0.6*0.0005)and 0.16*0.25 () respectively, and the location of the
patch is arbitrarily selected. Aluminum and Highriigy PolyEthylene (HDPE) are considered for
the constraining layer materials, and their thicdsss are varied. The base plate thickness is kept
constant (0.5 mm) for all cases. The modal damfweg factor of the composite layer is deduced
from the equivalent single layer modeling develofsd Guyader et &l This methodology is
implemented in MOVISAND software which computes #guivalent moduli of a single layer
plate model for an infinite plate, and then obtdinmrameters are used to compute the modal
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damping loss factor of finite plate models. Nastsafiware is used to render the modal analysis of
the finite plate models. Note that the complex nliodiuviscoelastic polymer, which considers the

Williams-Landel-Ferry model i.e. the temperaturepeledence of viscosity, are taken into the
calculations.

Table 1. Mechanical properties of Aluminum and Polyner

Aluminum Polymer
E (Pa) 7.2E+10 E (f)
o (kg/m®) 2790 1500
vV 0.33 0.45
n 0.002 n (f)

i3 ’——ﬁ .
" JE = Multi-layer

gﬁs&?%% i = - F
P - 0
&

f' G o }
e e L]

S S =—"=

Yarba ):_:L Equivalent
AN AN d

(a) (b)

Figure 1. Schematic of CLD (Constrained Layer Dampig). () Infinite sandwich panel with a
core material (thermoviscous or viscoelastic). (rquivalent single layer modelling of a simply
supported rectangular plate damped with a CLD patch

4.1 High density rigid constraining layer

The CLD patch with an aluminum constraining layéi0Odd mm applied on a base plate is
considered for two plate models with a thermoviscoore and a polymer core. Both cores have the
same thicknessd) of 0.2 mm. For the thermoviscous core, Rhords#™500,000 is considered,
and its viscosity is 486 kg/s-m. Equivalent mo@Mlbung’s modulus, density, Poisson’s ratio and
damping loss factor) of the sandwich plate modedk both core materials are calculated.

Table 2. MOVISAND calculation: equivalent parametes for infinite plate models.
Thicknesses of Aluminum (h and hy), Rhodorsil™ 47 ¢) and Polymer layers §) are 0.5 mm,
0.2 mm and 0.2 mm respectively.

Sandwich plate

Aluminum Aluminum
Equivalent parameters Rhodorsil™ 47 500,000 Polymer
Aluminum Aluminum
E (Pa) 1.04E+10 E(f)
o (kg/m?) 2487.2 2575
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Figure 2. Equivalent moduli of the Aluminum-PolymerAluminum sandwich infinite plate
model at different temperatures. (a) Young's moduls, (b) Loss factor.

The composite layer of a polymer core displays thequency/temperature dependent
characteristics. These parameters are taken foulaéihg finite plate models, and the results are
shown in Fig. 3. At 20°C, the CLD patch with a polymer core has higher giag levels
throughout the frequency range. The polymer cowesjialmost twice higher damping than the
thermoviscous core for the same thickness applied.
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Figure 3. The 1/3 octave band averaged modal losactor of finite plate models damped with a
CLD patch at 20 °c: Aluminum-Rhodorshil ™-Aluminum and Aluminuim-Polymer-
Aluminuim.
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4.2 Low density elastic constraining layer

The constraining layer of aluminum is replaced vattiDPE (High-Density PolyEthylene)
layer of 0.5 mm. Thicknesses of the base plateghd the cored for both plate models are kept
0.5 mm and 0.2 mm respectively. The mechanical ati@s of HDPE taken from Ege et’adre
E =850 MPap = 945 kg/ml andn = 15%. The damping loss factor of the infinitertheviscous

composite plate is clearly seen higher than thgrpel for computed range of frequency, and this is
consistent for finite plate models.

Table 3. MOVISAND calculation: equivalent parametes for infinite plate models.

Thicknesses of HDPE (l), Rhodorsil™ 47 ¢) and Polymer layers §) are 0.5 mm, 0.2 mm and
0.2 mm respectively.

Sandwich plate

HDPE HDPE
Equivalent parameters Rhodorsil™ 47 500,000 Polymer
Aluminum Aluminum
E (Pa) 5.34E+10 E(f)
o (kg/m®) 1718.4 1806.25
v 0.31 0.337
n 0.1345 n(f)
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Figure 4. The 1/3 octave band averaged modal lossctor of finite plate models damped with a
CLD patch at 20°c: HDPE-Rhodorshil™-Aluminum and HDPE-Polymer-Aluminuim.

Since a density of polymer is higher than thathef thermoviscous fluid, a thicknesy 6f
the thermoviscous core is increased to 0.31 mmrderoto apply the same total mass of core
materials to the composite plate models. Rhodorgil™,000,000 oil is used for the computation,
and its viscosity is 972 kg/s-m. A thickne8} ¢f the polymer core is kept constant as 0.2 mm. A

seen in figure 5, modal damping levels of the theriscous CLD patch are significantly higher for
both infinite and finite plate models.
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Table 4. MOVISAND calculation: equivalent parametes for infinite plate models.
Thicknesses of HDPE (F) and Rhodorsil™ () are 0.5 mm and 0.31 mm respectively.

Sandwich plate

HDPE

Equivalent parameters Rhodorsil™ 47 1,000,000
Aluminum

E(Pa) 4.10E+09

o (kg/m®) 1621.47

v 0.31

n 0.3445

0.07 T T T T T T

——Polymer at 0 ‘¢
—=—Polymer at 20 ‘¢ I
—»—Rhodorsil 47 (1,000,000)

006+

o o o
o o o
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Figure 5. The octave band averaged modal loss factof finite plate models damped with a
CLD patch at different temperatures: HDPE-Rhodorshi™-Aluminum and HDPE-Polymer-
Aluminuim. Rhodorshil ™ 47 oil is temperature-independent.

5. Conclusion

Rectangular plates partially treated with a CLDchdtave been investigated for two different
core materials: thermoviscous and viscoelastic. d@rel™ 47 oil and a polymer layer are
considered for their damping loss factors. It ioweh that the damping provided by the
thermoviscous fluid is proportional to its viscosi(Rhodorsil™ 47, 500,000 and 1,000,000). The
thermoviscous fluid can yield higher damping thhe polymer layer for the same core thickness
applied if the constraining layer is a light-weighlastic material. With such a material, the
thermoviscous fluid guarantees significantly higdamping loss factors than the polymer layer at
different temperatures if the same total mass @iegh The main advantage of the thermoviscous
fluid core compared to the viscoelstic one is thathigh damping property of the sandwich is not
frequency and temperature dependent.
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