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1 Introduction - Characterizing plastics and composites using 4a impetus 

In recent years plastics are substituting other materials mostly to reduce the weight of the part. As they 
are also carrying the same applied loads it is necessary to consider the deformation behavior (plasticity) 
as well as damage and failure in the material model. To characterize the dynamic deformation behavior 
dynamic bending tests on 4a impetus (fig. 1 left) are a cost-efficient alternative or extension compared 
to standard dynamic test methods. Furthermore many plastic materials have a huge difference in the 
tension and compression behavior. Consequently a material card generation of simple elastic-
viscoplastic material models (e.g. *MAT_024) based on static and dynamic bending tests, which takes 

both into account, will be near to reality [1]. 
As a result of the processing unreinforced as well as reinforced plastics have different mechanical 
properties at the outer surface compared to the inner core. The bending properties (stiffness, failure 
behavior …) are usually favorably higher. Due to the stress distribution in bending load cases the outer 
highly orientated layer carry most of the load compared to the tension case. Engineering judgment based 
on bending material properties is therefore the better choice.  

 

Fig.1: The actual version of 4a impetus (left); component testing in 4a impetus (middle); new 
puncture test and pendulum arm (right) 

Nowadays more detailed material models considering complex yield surfaces (e.g. *MAT_124 or 

*MAT_187 for plastics), anisotropy (e.g. *MAT_157 or *MAT_215 for reinforced plastics) or complex 

failure models (e.g. *MAT_ADD_EROSION) are available. The objective is of course a better description 

of the material behavior [2, 3, 4]. The newest 4a impetus developments regard these needs - always 
with the focus to offer an efficient material parameter identification process (MPIP). 

2 Innovations in 4a impetus - hardware 

The design of 4a impetus and the pendulum arm was improved. Now it's possible to test even parts and 
composite materials up to an impact energy of 50J (fig. 1 middle). To characterize the dynamic behavior 
and failure under biaxial loading a new puncture test method was designed (fig. 1 right). It also allows 
testing under low or high temperatures. The implementation of a high-speed-camera (newest accessory 
kit) allows the visualization of dynamic behavior of the material during test (crack initiation and 
propagation in detail, see fig. 2). 

 

Fig.2: High speed pictures of the dynamic puncture test of a POM at different time steps 
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3 Innovations in 4a impetus - software 

In the presentation many new features will be shown, exemplary two of them are described in this 
abstract in detail.  

The above mentioned complex material models (fig. 3 left) as well as the most common failure models 
are implemented in 4a impetus GUI. The describing parameters can be directly evaluated in the material 
parameter identification process. For standard material cards (e.g. *MAT_024) an automated workflow 

on 3-point-bending-tests was developed and implemented as AUTOFIT process. Within a few clicks and 
some simulation/optimization time an accurate material card is generated by 4a impetus (fig. 3 right). 
  

 

Fig.3: Available LS-DYNA material cards in 4a impetus (left); AUTOFIT process  – creating material 
cards within a few clicks automatically (right) 

For fiber reinforced plastics and composites 4a micromec is implemented as library in 4a impetus. 4a 
micromec is based on the Mori Tanaka Meanfield Theory and allows the user to calculate automatically 
the thermo elastic mechanical properties of a composite based on the information of the matrix and filler 
[5].  As a consequence less material parameters have to be determined in the MPIP; so the micro 
mechanics reduce the effort of testing and material card generation remarkable (fig. 4). 

  

Fig.4: Calculation of the material parameters for *MAT_157 using the 4a micromec library, this 
reduces the unknown material parameters down to 3 (marked in red) [5] 

4 Innovations in 4a impetus - future 

In future 4a impetus hardware and software developments will continue to focus on testing and 
simulation trends. We will work hard to set further trend standards to ensure that the user can generate 
very easy, quick and cost efficient accurate validated material cards.  
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Introduction

 History, basics and advantages of 4a impetus  Part 1
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Introduction

Incitement and objectives of our innovations

 More detailed material models are available 

 better description of the material behavior of plastics and 

composites

 New developments in testing are necessary 

to measure the needed material behavior

 Due to increasing material data and model parameters

 automation is a key enabler

 Focus: to offer an efficient 

material parameter identification process (MPIP)
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4a impetus – new software features

Licensing

 Introducing new token concept

 Software products 4a impetus, 4a fibermap, 4a micromec and

their modules are now accessible

validated material cards
individual mapping 

process information
3D thermo elastic

anisotropic material cards
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4a impetus – new software features

MPIP - Material Parameter Identification Process 
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4a impetus – new software features

Material model

 Plenty of direct implemented LS-Dyna material models

(also Abaqus, PamCrash)

 Whole number of LS-Dyna material models is available through

userdefined inputdeck
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4a impetus – new software features

Material model – XML, filter
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4a impetus – new software features

Material model – design variable table

 classifying by 

mechanical behavior

 description
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4a impetus – new software features

Material model – failure models
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4a impetus – new software features

Anisotropy – Composites

FE-Model of the test

Parameterized materialcard

based on 4a micromec

Reverse Engineering 

LS DYNA, ABAQUS, 

PAM CRASH, …
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MMEC – design variable calculated 

by micro mechanic model

Less free design variables left for

material parameter identification

4a impetus – new software features

Anisotropy – Composites

e.g.: 30 design variables for

*MAT_157
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4a impetus – new software features

Anisotropy – Composites

Bending 2m/s

longitudinal

diagonal

transversal

[P. Reithofer et al - Material 

characterization of composites using micro 

mechanic models as key enabler, CAE 

Grand Challenge 2016, Hanau]
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 Additional possibility to define LAYUP in 4a impetus for composites 

 Sample orientation from test database

4a impetus – new software features

Anisotropy – Composites
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4a impetus – new hardware features

New pendulum arm

 Dynamic 3-point-bending tests of composite materials or

puncture tests of thermoplastic materials

 Usable up to an impact energy of 50 J

 Vibration reduced pendulum arm made 

of carbon, aluminum and steel alloy

 Plugable acceleration sensors

 Mounting of additional masses possible (mass: 1 – 4 kg)
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4a impetus – new hardware features

New puncture test

 Loosely based on DIN EN ISO 6603-2

 Easy mounting on 4a impetus

 Various inserts and impactor diameter

 Additional masses possible

 Quick change of inserts  possibility for

testing at low or high temperatures

 Maximum energy: 50 J

 Investigation of flow behavior and

failure under biaxial load
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4a impetus – new hardware features

New puncture test

 Test results:
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4a impetus – new hardware features

High-speed camera

 Visualization of dynamic behavior of the material during test

(crack initiation and propagation)

 Easy view, different angles possible

 Trigger signal from 4a impetus

 synchronizing
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4a impetus – new hardware features

High-speed camera

 Example: XX-rib, PP LGF30, dynamic 3-point bending @ 3 mps

force-displacement curves by 4a impetus
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 Complex material models 

 accurate description of plastics and composites

 Appropriate test methods

 get access to the material model parameters

 time and cost efficient

 MPIP - Material Parameter Identification Process 

 to fit the material model parameters

 time and cost efficient

 Continuous improvements in 4a impetus hard- and software 

 easy, time & cost efficient 

 accurate validated material cards
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in Schladming, Austria

„Light weight applications & Composites”

More information: http://technologietag.4a.co.at/  

Thank you for your attention!


