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INTRODUTION

• GOAL
� Modelling and identification of viscoelastic materials.

• MOTIVATION
�The mechanical model identification for such 

materials enables more reliable mathematical models 
towards structures which contains viscoelastic
characteristics; 

�To obtain finite element models for such structures 
aiming at analyzing their responses to different types 
of situations and environments.
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CONSTITUTIVE EQUATION

• APPROACH

� Internal variable based model

• CHARACTERISTICS

�Thermodynamic of irreversible processes

�Time domain equations

�Causal system
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CONSTITUTIVE EQUATION

• FREE ENERGY FUNCTION

• PSEUDO-POTENTIAL OF DISSIPATION

• CLAUSIUS-DUHEM CONSTRAINTS
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CONSTITUTIVE EQUATION

• HYPOTHESIS

�Small deformations

�Uniform temperature

�Null heat flux
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CONSTITUTIVE EQUATION

• FREE ENERGY AND DISSIPATION POT.

• CONSTITUTIVE EQUATION
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PARAMETER ESTIMATION

• UNKNOWN PARAMETER VECTOR

• OBJECTIVE FUNCTION

• INVERSE PROBLEM
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PARAMETER ESTIMATION

• CONSTRAINTS

�MATHEMATICALLY

�PHYSICALLY

E > 0     Ek > 0    bk > 0

• CONSTRAINED PROBLEM
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PARAMETER ESTIMATION

• FROM A CONSTRAINED TO  AN 

UNCONSTRAINED PROBLEM

� Interior penalty function method

�Extended objective function

�Barrier functions
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PARAMETER ESTIMATION

• MODIFIED LEVENBERG MARQUARDT 

PARAMETER ESTIMATION TECHNIQUE

�Sensitivity matrix J

�Parameter updating

�Vector g and matrix H
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EXPERIMENTAL SETUP

• SKETCH

Detail of the end constraints

VHB 4950 – 3M
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EXPERIMENTAL SETUP
VHB 4950 – 3M
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DIRECT PROBLEM

• FINITE ELEMENT MODEL
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DIRECT PROBLEM

• CONSTITUTIVE EQUATION
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DIRECT PROBLEM

• CONSTITUTIVE EQUATION

�Hypothesis: dissipation within the viscoelastic tape is 

basically due to shearing deformation

�Therefore, for the shearing within the viscoelastic

layer:
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RESULTS (NI=1)

• INITIAL GUESS

�Range for E: Comparison of the first 3 FRF peaks

1 < E < 10 (MPa)
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RESULTS (NI=1)

• PARAMETERIZATION

• EXPERIMENTAL DATA

�FRFs of the first and second accelerometer from 2.25 
Hz to 99.75 Hz (391 points each)

• OBJECTIVE FUNCTION

�Difference between the experimental FRFs and the 

ones obtained by the model

• INITIAL GUESS: p1 = 5, p2 = p3 = 0.1
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RESULTS (NI=1)

• ESTIMATED PARAMETERS

�Different mesh sizes (N)
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RESULTS (NI=1)

• FIRST ACCELEROMETER
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RESULTS (NI=1)

• SECOND ACCELEROMETER
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RESULTS (NI=1)

• NORMS H2 AND H
∞
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RESULTS (NI=1)

• TIME DOMAIN VALIDATION: 35 Hz sine
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RESULTS (NI=1)

• TIME DOMAIN VALIDATION: 35 Hz sine
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RESULTS (NI=1)
• TIME DOMAIN VALIDATION: WHITE NOISE
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RESULTS (NI=1)
• TIME DOMAIN VALIDATION: WHITE NOISE
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RESULTS (NI=1)

• ASTM VALIDATION

�Faisca et al. determined the complex shear 

modulus of a VHB tape identical to this one 

except for the thickness by means of the well 

known ASTM method.

�Comparison of results obtained by Faisca et 

al. and the ones obtained in the present work
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RESULTS (NI=1)
• ASTM VALIDATION

Complex shear modulus: O:  ASTM, continuous line: estimated, 

squares: extrapolation
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RESULTS (NI=2)

• PARAMETERIZATION

• REGULARIZATION

�Based on last estimation result

�Based on the ASTM estimation (Faisca et al.)

• OBJECTIVE FUCTION

�SR(p) = Se(p) + α ⋅ f
α
(p)
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RESULTS (NI=2)

• REGULARIZATION 1

�Rationale: As the last estimation provided results close 

to reality, one may expect that some parameters will 
not have large variations for a 2 I.V. based model

: vector containing the result of the last estimation

: regularizing parameter
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RESULTS (NI=2)

• REGULARIZATION 1

�Several values of αp from 0.5 to 1.5 have 
been tested

�Initial guesses: p1 = 1.647, p2 = 12.353,   p3 = 

662.6,  p4 = 10-2 and p5 = 1.0 

�Best correlation for αp = 1.0 and result: 

p1 = 0.1546, p2 = 12.353, p3 = 791.61,  

p4 = 2.12 and p5 = 38.98
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RESULTS (NI=2)

• REGULARIZATION 2

�Based on a priori information concerning the complex 

shear modulus obtained by Faisca et al. by means of 
the ASTM method.
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RESULTS (NI=2)

• REGULARIZATION 2
�Several values of ap from 1 to 10 have been 

tested

�Initial guesses: p1 = 1, p2 = 1,   p3 = 10,  

p4 = 1 and p5 = 10 

�Best correlation for αASTM = 2.5 and result: 

p1 = 1.4, p2 = 41.67, p3 = 4662,  

p4 = 3.63 and p5 = 1999.4
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RESULTS (NI=2)

• FIRST ACCELEROMETER
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RESULTS (NI=2)

• SECOND ACCELEROMETER
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RESULTS (NI=2)
• ASTM VALIDATION

Complex shear modulus: O:  ASTM, continuous and dashed  lines: 

estimated, squares and triangles: extrapolation
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CONCLUDING REMARKS

• Internal variable based viscoelastic model.

• Modified Levenberg-Marquardt.

• Modeling and  estimation assessed on a 
viscoelastic tape (VHB)

• Effective results encompassing models with one 
and with two internal variables

• Difficulties 
� Initial guesses 

� Regularization required for two internal variable              
based model
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PARAMETER ESTIMATION BASED ON 
IMAGE CORRELATION DATA

• Digital image correlation is used to obtain 
the displacement field of a subdomain of a 
body.

• Inverse problem formulation.

• Parameter estimation
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DIGITAL IMAGE CORRELATION (DIC) 

METHOD

• Optical-numerical full-field surface displacement 

measuring technique.

• Based on a comparison between two images of 

the specimen coated by a random speckle 

pattern in the underformed and in the deformed 

state.

• The basic principle of DIC method is to search 

for the maximum correlation between small 

zones in the underformed and deformed images.
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DIGITAL IMAGE CORRELATION (DIC) 

METHOD
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DIGITAL IMAGE CORRELATION (DIC) 

METHOD
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EXPERIMENTAL SETUP

• Aluminum beam

• Parameter estimation based on modal 
analysis

• Parameter estimation based on full field 
measurement on a subdomainof the 
beam.
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Modal Analysis

• Free-free beam
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Modal Analysis

• Natural frequencies

• Estimated E
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DIC
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DIC
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DIC
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RESULTS

• It was used the Levenberg-Marquardt

• parameter estimation technique considering the following 
parameterization E = p1x109 and the initial guess 

P1 (0) = 30. The provided result is p1 = 49.6 which 
represents a discrepancy of approximately 27% with 
respect to the values shown in table (2).

Problem ?
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RESULTS



50Identificación de Propiedades de 
Materiales por Métodos Inversos 

Acknowledgements

• Professora Gloria Frontin.

• Prof. Helcio Horlande, Renato Cotta, Marcelo Colaço.

• Prof. Fernando Rochinha.

• Prof.Luiz Nunes (UFF)

• Dr. Carlos Frederico Matt (Cepel).

• Universidade Federal do Rio de Janeiro e a Universidade Nacional
de Mar del Plata


