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THESEUS-FE Oven Module

Adhesive Simulation and Measurements

Å The Coupled Simulation Process

Å The UMAT Subroutine in ABAQUS

Å From Measurements to Simulation Model 

Å Automotive Simulations and Validations

Author: Dr.Stefan Paulke
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The Coupled Simulation Process

Input: TemperatureMeasurement
(duringthe paint dryingoven)

Calibrationof
THESEUS-FE 
OvenModel

Body in White 
Model/Mesh

Output: 
Temperatures: T(t) 

THESEUS-FE Oven
Thermal Simulation

Input: Crash FE Model
(containingconnections
e.g. adhesives)

Output: 
Å Deformations: u(t)
Å Stresses: s(t)

ABAQUS/UMAT
MechanicalSimulation

UMAT for Adhesives: 

Body in White 
Model/Mesh

Adhesives
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The UMAT Subroutine in ABAQUS

Input: 
Å Strains Ⱡ ‐ ȟ‐ ȟȣȟ‐
Å Temperatures
Å State variables

Output: 
Å Adhesive curing level: p[0..1]
Å Stresses Ɑ „ ȟ„ ȟȣȟ„

Deformations

Adhesive

https://www.3ds.com/products-services/simulia/products/abaqus/

UMAT* for Adhesives

Ⱡ Ⱡ Ȣ Ⱡ Ȣ Ⱡ Ȣ Ȣ Ⱡ

Adhesives

* UMAT = User defined subroutine for special materials in ABAQUS

https://www.3ds.com/products-services/simulia/products/abaqus/
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From Measurements to Simulation Model

(for Adhesive: Betamate1480)
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MPa

degC

From DMA Measurements to Simulation Model (for BM 1480)

Ὁᶻ: complex modulus Ὁ: storage modulus Ὁ : loss modulus
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Maxwell Model

Fully cured 
adhesive
4x10x80 mm

Temperature chamber

Oscillation ‫ ςʌὪ

Betamate1480
(fully cured)

DMA = Dynamic Mechanical Analysis
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MPa

degC

Betamate1480
(fully cured)

From DMA Measurements to Simulation Model (for BM 1480)

Measured Storage Modulus: 
9Ω ƛƴ ǘƘŜ ŦǊŜǉǳŜƴŎȅ ŘƻƳŀƛƴ 
(0.5-33Hz)

(every curve a different temperature)

Ref. temp.: Ὕ Ὕ ρρυЈὅ

from DSC (see next slide)

9Ω in the time domain

Relaxation function at ref temp. T0

Ὁὸ Ὁ В ὉὩὼὴϳὸ†

time (logarithmic)
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T=130°C T=140°C T=150°C T=160°C T=180°C

Ὁ‫ Ὁ В Ὁ

9Ω in the frequency domain (10-7-1020Hz) 

Shifted master curve at ref. temp. T0
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Measurement range

Temperature 
shift ‫ᴼ‫ὥ

ÌÎὥ

Ὕ Ὕ

1

2

3

„

Ὁ

Ὁ

†
†ὥ

Maxwell Model
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From DSC Measurements to Simulation Model (for BM 1480)

Measured 
Model

Curing ratio:
[0..1]

BM 1480

DSC = Differential Scanning Calorimetry
Å Used to derive a simulation model for the curing ratio
Å Used to measure the glass transition temperature Tg
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From RheometerMeasurements to Simulation Model (for BM 1480) 

AdhesiveὨ=1mm

Ὑ=25mm

‫ ςʌὪȟὪ ρὌᾀ

Temperature chamber
Heating rate: 3K/min
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BM 1480
(uncured)

BM 1480
(fully cured)

BM 1480 gel point at:
Å Temperature 162°C
Å Time 47.3 min
Å Curing ratio pgel=0.425 (model)

gel point

Temperature [°C]


