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• Identification of material parameters:

– Extraction of contour

– Full field measurements

– Inverse analysis using numerical simulations 
such as Finite Element Method

Introduction

Simulation of 

process:

Thermoforming

Blow-molding

Materials 

properties

Identification
Multiaxial behavior 

and

Material parameters
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Outline

• Experimental set-up:

– Elongational Rheometer

• Parameters identification:

– Extraction of contour

– Tensile test

– Full-field measurement

• Conclusion and prospects
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Experimental set-up: Bubble inflation rheometer

CCD Camera Pyrometer

Oven

Pressure sensor

IR Lamps

Elastomer bubble
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Measurement using one CCD camera

• Natural rubber samples:

– Diameter: 90 mm / Thickness: 1.5 mm

• Camera XC-75CE:

– 25 mm f 1.4 / Resolution: 795 (H) * 596 (V)

P= 0.129 Bar P= 0.295 Bar P= 0.505 Bar P= 0.595 Bar

Example of rubber bubble inflations:
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Numerical modeling

• Commercial FEM Software ABAQUS®: 

– 2D quadratic elements, axisymmetric CAX8H

1Ω∂

1.5 mm, 

1 Element

25 mm, 20 elements

4Ω∂3Ω∂

2Ω∂

(N nodes for optimization)

(pressure)

(axisymmetry)

• Hyper Elastic Behavior: Mooney Rivlin

C10 and C01 : material parameters
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Optimization algorithm

• Interface ABAQUS® and MATLAB®

• Sequential Quadratic Programming Method (SQP)

• Function ‘fmincon’ of the optimization module of 

MATLAB® was used

• Objective function:

: Computed contour 

: Interpolation function of experimental contour
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Optimization principle

),( simsim yx

Boundary conditions Initial Parameters

C10 and C01

Experimental data

MATLAB®

Simulation 

ABAQUS®

Material Parameters

SQP MATLAB®

Updated 

parameters
Experimental contour Computed contour

YES

NO

),( expexp yx

Objective function
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Identification: extraction of contour (1)

• C10 = 0.134 MPa ,

• C01 = 0.09954 MPa

• Objective = 0.0105

P= 0.595 Bar

0.099540.09680.099710.096510.09913C01 (MPa)

0.1340.137510.132910.136770.1343C10 (MPa)

0.5950.5050.4240.2950.129Pressure (Bar)

Summary results for 5 pressure steps:

Result for a given pressure value:
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Identification: extraction of contour (2)

• for all the values of 
pressure, only one     
couple of parameter           
is identified : 

– C10 = 0.13298 MPa

– C01 = 0.10011 MPa

– Objective = 0.0061

Global identification:

P = 0.595 bar

P = 0.505 bar

P = 0.424 bar

P = 0.295 bar

P = 0.129 bar
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• Natural rubber rectangular samples:

– Length Lo: 90 mm 

– Width lo: 25 mm  

– Thickness eo: 4 mm

• Boundary conditions: 

– Vertical load F

– The lower face is fixed

• Stereo-correlation technique using 
Vic-3D® software

Green’s Lagrangian strain

L0

e0

l0

λ .L0

e0/√λ

F l0/√λ

Stereo-correlation technique: tensile test
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Identification on tensile test

• Tensile stress:

– F: load 

– S0: initial surface 

– : stretch ratio calculated 

using the experimental strain

value

• Identified Parameters:

– C10 = 0.1359 MPa

– C01 = 0.09745 MPa

– Objective = 0.0087
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=> Values are closed to those obtained using bubble inflation technique
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• Natural rubber drilled rectangular samples:

– Length: 50 mm 

– Width: 25 mm  

– Thickness: 4 mm

– Diameter of the hole: 10 mm

• Boundary conditions: 

– Load imposed on upper face nodes 

– Lower face is fixed

Identification based on full field measurements

Description of the methodology:

This part represents the field 
measurements (pixels of the camera) 
=> FE « simulated » measurements
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Numerical modeling: 4 tensile steps

(4 tensile steps are used in the identification procedure)
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• Put in correspondence of 
meshes

• Optimization algorithm (SQP)

• Objective function:

: Experimental mesh

: FEM mesh

Identification based on full fields

(In order to assess the algorithm, the procedure used 
« simulated » measurements)
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=> Values are closed to those obtained using previous techniques

Identification based on full fields: convergence

• Initial and range parameter values:  

– C10
init = 0.05 MPa,

– C01
init = 0.50 MPa,

– 0.05 < C10 < 0.5 [MPa]

– 0.08 < C01 < 0.5 [MPa]

• Identified parameters:  

– C10 = 0.13535 Mpa

– C01 = 0.098439 MPa

– Objective = 0.0063055
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• Natural rubber samples:
– Diameter: 90 mm /  

Thickness: 1.5 mm

– Two CCD cameras: 
RETICA QICAM 
(QIMAGING)

– Lens: AF 28 – 200mm / 
Resolution: 1360 * 1036 
pixels

• Digital Image Stereo-
Correlation software:
Vic-3D®

Vertical displacement field obtained 

by stereo-correlation

Stereo-correlation technique: Elongational rheometer (1)
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Vertical displacement field

Stereo-correlation technique: Elongational rheometer (2)
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Purely equi-biaxial behavior

Non-Purely equi-biaxial behavior
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Conclusion and prospects

Conclusion :

• Behavior identification using 2D contour extraction coupled 
to inverse method of rubber membrane

• Procedure assessment of behavior identification using full-
field measurement during tensile test

• Preliminary results of behavior identification using 3D full-
field measurement of rubber membrane using bubble 
inflation technique

Future works :

• Parameters identification using 2D and 3D full field 
measurement (experimental) values

• Behavior identification using extraction contour 2D and using 
field measurement 3D of PET-type polymer membrane 


