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6~ 600 m2, Bezug ab Méarz 2010

Neues Kunststoffzentrum Leoben
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Forschungsvolumen 2010-2013:

€ 20 Millionen
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Material structure

IWPK:

Major fields of research

~

Testing and property
characterization

| |

Material models
and material laws

* Microscopy

(LM, SEM, TEM, AFM)
+ Spectroscopy

(IR, UV/VIS/NIR, Raman)
+ Scattering (SAXS, WAXS)

« Standardized and
non-standardized methods

« Method development

« Accelerated test methods

* Advanced data reduction

Tellon FIEP

Core-shell rubber
modified PMMA

TS multi-axial

servorhydraulic test system

+ Mechanical, thermal,
optical and electrical
properties and property
functions

+ Advanced material laws
and failure criteria

e

‘Syntheic SN diagrams for
fatigue design and faiure analysis.
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Material structure

IWPK: Major fields of research

)|

Testing and property
characterization

| |

Material models
and material laws

+ Microscopy

(LM, SEM, TEM, AFM)
* Spectroscopy

(IR, UV/VIS/NIR, Raman)
« Scattering (SAXS, WAXS)

« Standardized and
non-standardized methods

+ Method development

« Accelerated test methods

 Advanced data reduction

* Mechanical, thermal,
optical and electrical
properties and property
functions

 Advanced material laws
and failure criteria

General Research Objectives

« Structure-property-performance relationships on all size scales
(molecular-nano-micro-meso-macro)

=Py |\laterial development

« Structural and functional performance modeling and prediction
==l Part/component design and optimization
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on Failure Behavior of Plastics

a) monotonic loading
o monotonic loading

«— (tensile stress)

stress, o

time, t long-term

static loading

Gy Oss Opmax

b) long-term static loading

Y

stress, o

failure stress

time, t fatigue loading C—

©) fatigue loading

. ~ Omean I
M» time-to-failure g

stress, o
a

time, t

r Comparison of Various Loading Modes ‘

Effect of strain rate and temperature
on tensile behavior

temperatu I‘ET

Type lll

nominal stress

strain

~

UK - sttt far Werkstoffkunde und Prifung der Kunststoffe o
PCCL — Polymer Competence Center Leoben Gerald Pinter, 11032010 §

Various Types of Fracture Behavior in Terms of
Arbitrary Fracture Parameters

Effect of test temperature Effect of loading rate

brml‘e- ductile-
ductile brittle
transition transition

brittle

fracture toughness parameter
fracture toughness parameter
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Case Study

Lifetime assessment of
PE pressure pipes

r General loading situation and failure behavior

Failure Behavior of Buried
Plastics Pipes

Historical Development of
PE Pressure Pipes

Time and temperature dependent
pipe failure

pressure rating, bar
100

—_— —— brittle
temperature loading rate
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Concept of lifetime assessment

Test and loading device Crack length/time-dependence Creep crack growth Kinetics

[ p—

LEFM Lifetime Modelling

)|

‘ L=BK, ipdsa®
Example: Gas Pipes ” Failure behavior of specific component % A
10 bar g 2200 Q) 0 1 o
10 8 bar ] Ci g = =t -
‘ 4 bar No sand Jdaide AR ipdsalf
A 2bar GRS Numerical simulation of stress intensity
400 mbar] ? Cracked factors K, in pipes at various loading conditions
! pipe wall
01 100 mbar] ISO/TR 9080 | EN ISO 9080
(1992) (2003)
oo 1980 1990 zuoo‘ 2010
ear .
Material  PE 63 PE 100 v LA S RV
“Semietptica defect
Classification ~ PE 80 PE 100+ / PE 125 (?) il i
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Cyclic vs. Static Crack Growth Testing “Synthetic” creep crack growth

R=1

static K = cyclic K.,

static K

cyclic Ky [\ ﬂ
\

5

H RKM
Kmax
cyclic Kpyin
bty :,"““"GW ;xk;;‘;"g‘,';sg:-*;;,l;wm Jourmalof Materials Science 35 Lang, RW., Pinter, G, Balika, W. Plastics Pipes XIl 2006), Washington DC, USA
Lo, RW. Pier. . Blka, W bt Pies X (2006, Washingion 0C, USA Lang, RW., Pinter, G., Haager, M. ANTEC 2007, Cincinnati USA
IWPK st Wotfands urd Pt dr Kl % WPt ottt Pt e Kt
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Lifetime dependency on initial defect size a;,;

. Strong dependency of lifetime on the initial defect size a;;
. Crack initiation time (app. 50%) not considered

Simulation model Case Stu dy

FEM (ABAQUS)
+  Internal pressure
- semi-elliptical initial

el Characterization, Modeling and
Simulation of
particulate filled PP compounds

Wt Wl oW e o e 0w W
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Composite Formulation Composite Models
Homogenization
[ Composite Structure] l Composite Models ‘ # Fast model definition
# Computationally fast
Constituent Properties Reference Volume Model # Only uniformly distributed ellipsoidal inclusions
_ Compounding Process Homogenization
E Test Specimen Production s
£ 8
= =
g ; - - - E
5 l Composite Testing ‘ l Simulation ‘ @ F:
o
l Macroscopic Scale l
e
Composite Properties ‘4
H
l Component Properties ‘ ! :
E E
Source: e-Xstream engineering
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Composite Models

Reference Volume Element (RVE)
# Microscale Information
# Complex inclusion shapes
# Inclusion distribution (clustering; percolation)
# Elaborate RVE definition
# CPU intensive

Shart fiber reinforced
materals

~

Compression Test Configurations

Stress State

uniaxial — plane strain - multiaxial

|
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Experimental setup of the confined compression test

Steel loading pins

Confining Cylinder _

\ .I'
Specimen :
P \'!'\Strain gauge
[ gl

« Cylinders made of polypropylene or steel

« Different thicknesses to vary the multiaxial stress state

~N

IWPK - Institut flr Werkstoffkunde und Priifung der Kunststofe -
PCCL - Polymer Competence Center Leoben Gerald Pinter, 11.03.2010 o

-

Experimental setup for compression tests

guiding bars in ball
linings for alignment

confined compression
setup, similar setup
for the other

LvDT compression tests

compression plate
Testing machine

Instron 5500
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Optical strain measurement Compound Simulation
# Full field strain measurement . . .
# Transverse and longitudinal strain Simulation of multi-phase compound:
elastomeric phase for toughness, mineral phase for strength
ON O\ ©/. g =
O /
o N\ = O ' /
Thermal field measurement O C> / O —
# Full field surface temperature measurement - Q / O — -
Separate Partial dispersion Embedded
dispersion of the and partial structure — coated
filler particles embedding particles
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diameter 8 mm

= Seal
cord thickness 5,33 mm
inner diameter 37,47 mm

Test Setup

Test with “unconstrained” Test with “constrained”

specimen specimen

« The geometric change of the specimen
is measured by a camera system
(height h(t) and diameter d(t))

« The volumetric change is calculated
AV(t)

« Change of the force is detected (F(t))
« The stress can be calculated (oft))

+ 10h CO,, unconstrained
* 60°C, 150 bar
+ decompression rate 22,5 bar/min

Measured values
+ temperature, T

«  pressure, p

« diameter d, height h

Cylindrical specimen

Compound Simulation
Multi phase systems 1 C St d
# Simulation with Digimat MF 1000 No elastomeric filler as e u y
#Influence of the embedding of hard & .
particles in various phases 5,
£ ow
#Due to the embedding, the matrix g 4 = - -
cannot ,see” the filler , only the elastomer 400 B R Rap 1 d GaS Deco m p ression
i 20 vol% elastomeric filler, .
00
#Stiffiess does not increase with filer  § 100% embedding assumed for simulation
content
o
#DIGIMAT's multi level homogenization L] o0 a1 o1 02 ors aa 015
method is able to simulate the embedding \welght fractian of filler, -
effect with good accuracy.
Source: M6czé and Pukanszky, 2008
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Rapid Gas Decompression l Unconstrained Test Set Up
ECONOMODS
* Specimen
= Cylinder Test Parameter
height 8 mm
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Unconstrained HNBR CO,, 150 bar

Compression Decompression

0. — S "™
- o >
o volume increase & fo -
. solr ¥ ¥

N of'z 3 3

2w wrtey 1 w0y

g w8t B g

g = S {9+ ] w§

L %8s § & 5
“ w Lo f p =150 bar,CO, .
» o b decom. ate = 22 barmin o

) o o0 10000 00000 o500 w0 00 w250 a0
ime tsec me tsec

[\ -
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Constrained Test Set Up

DMS instrumented loadcell
(wireless connection to controller)

Material- and
Component behavior
»constrained*-
condition

under

specimen (cylindrical or seal)
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Compression Decompression

unconstrained

unconstrained

Volume increase V, %
pressure p bar

T-s0C
0] p= 150 bar, o,
decomp. rate = 22,5 barmin

time tsec tme tsec

' Unconstrained and Constrained Measurements ‘

Case Study

Tribology

PCCL - Polymer Competence Center Leoben Gerald Pinter, 11.03.2010
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Experimental characterisation of the
tribological material behaviour

Modelling & simulation
techniques

Friction and wear tests
relating to the surface
properties (laboratory scale)

« linear/rotational

FEM-Simulation with a

Tribological investigations at viscoelastic, the_rmoelas_tic
and hyperelastic material

service relevant loading :
conditions for components < behavoiur.

By using different simulation
programs

« linear/rotational

Tensile, compression-, shear-
and torsional tests relating to
the bulk properties

* monotonic/cyclic

o0 w0 o8 10
036 Relaxation 720 o, ] =] 1600
T=60°C o . 1040
0a0] p=150bar, CO, 5] Decompression
H 120
H constrained z start z
" 025 os. ¢
4 4 H
8 oz % oa g
2o 20 <
& ow Volume “ g0z a0
i w0 =s0c o
o005 increase o p =150 bar, CO,
w X . 10
constrained  decompression rate = 22 barimin
T 1t T oo o0 loirs 160 iei2s 160 evs ek | ieks 1610 | 1S
time tsec time . sec
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Equipment for tribological research

1. Universal-Microtribomter (UMT-2, CETR, USA)

Specifications: Testing pos: iti
= Rotational, linear and cyclic movement « Friction and wear

« Force range from 0.1 up to 500 N « Scratch and indentation
* Temperature range from 23 up to 150 °C
Desiagned for:
« Local surface characterisations
2. Rotary tribometer (TE93, Phoenix Tribology Ltd, England)
Specifications: B =
= Rotational movement

= Force range from 1 up to 1000 N
« Temperature range from 23 up to 200 °C

Testing possibilities: Designed for:
 Friction and wear « Material testing under component level
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Tribological Experiments

1. Test configurations

+ Pin-on-disc * I
* Ring-on-disc ‘F [:l
« Ball-on-disc C ] —t ]
« Cone-on-disc Indentation tests

2. Measureable data . [;f ) . W .

« Forces (F,, F) Friction and scratch tests

- Torque I 5
* Temperatures - e

- Paths,s,

w

. Calculated data
* Wear rate, COF

Friction and wear tests

« Surface temperature

IWPK - Institut fir Werkstoffkunde und Priifung der Kunststoffe
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Case Study

Drop Test simulation of PCBs
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Instrumented Drop Test

Analysis of the standardized Drop
Test for PCBs to determine the
loading conditions and the material
response. A

Instrumented Drop Test
Acceleration 1

Signal 500

Strain Gauges |

U
skl w0’

Electrodynamic Testing Machine
BOSE 3450, BOSE Co, MN, USA

Strain
i i Envel
) high speed camera, High Speed Camera Video nvelope
- strain gauges and an : T
. acceleration sensor E: b
were used for measurements. X Frequency
Development
e Acceleration Sensor
Drop Test (1500 g in 1ms)  fimels]
Oscillogramm ——————
e
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Material Characterization Material Characterization
Dynamic Mechanical Analysis (DMA) Material Law Generation B} T
. B s : . b s0o0}_." —
A DMA with loading conditions in Taking the DMA measurement data a
step with actual bending loads was master-curve is generated and a prony _ ] - )
used to characterize the material. series is fitted for the use in FEM-software. requency 7]

Temperature — Time Shift

Drop Test Simulation

Drop Test Simulation

-Good agreement for amplitude
-Good agreement for frequency
evolution

-Discrepancy regarding frequency
level

-Valuable tool for relative
comparisons il

Velocity Field

W

~

Input G-Method

i

Constraints

500
Temperature Range 4000}
T,
-40 °C — 125 °C (6 temperatures) E®) L Eq 15 s n
<Es 1, <
Frequency Range £ E, 7 E P
0.01-10's* (4 points/decade) - \
E, 2500 T
Bending Fixture (in-house development) e s e
ime (5]
requency, 1 Prony Series logt Prony Series Fit
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i
| Acceleration
envelope frequency FEM- Software: Abaqus 6.9-1 E I ’ \
i | i ] (Simulia, Providence, RI; USA) = \ '
[=simulation | :
AN simulation _| agru
! T e —_
B I ECONOMOS
time [s] time [s]
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