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IMPETUS®- new efficient dynamic tensile test
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IMPETUS® - dynamic tensile test

= Hardware consists of 3 main parts
= counter bearing system
= sample clamping
= pendulum impactor head
- Ease of use operation!
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Measurement technique
What we basically measure during the test?

Displacement [mm]

1500 10
i Force [N]
- T|m m = Displacement [mm]
e.[ s] | | 1200 = = =Strain 2P Y [] - 8
= time-synchronous data is essential
= 900 - 6
S
2 600 - 4
= Force [N]
= piezo load cell 20 kN 300 AC | >
.EN GGGGGGGGG
O | /\ | e, ] O
9.0 10.5 12.0 13.5 15.0
= Stroke [mm] Time [ms]
= Incremental angle sensor
= digital image correlation (DIC) > Now it’s getting complex, isn’t it?




Measurement technique with DIC
Now it's getting complex, isn’t it?

P4 vALIMAT <

Integrated 5V Trigger output
at the IMPETUS® pendulum
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Measurement technique with DIC
Now it's getting complex, isn’t it?

)

Position 1
- Calibration 1

N

Position 2
Calibration 2

Predefined camera positions

attached to the pendulum

© Copyright 4a engineering GmbH - 17.07.2020
S. Riemelmooser, M. Rollant, C. Schober, pres_20071701_srie_mr_chob_Summer-School-Day5

o Calibral d'DIC recording?

ceccccccvsce
r{lc.-.:e:s:::r{:oo
TR EEE R )
AR E R R
cececeo0sco00noe
s s e s s s ssssuss
® & O Hp:E g7 iV ® 26.06b i @
ceecoooe se 00 e
@ se0no0e

® ee 0o e

oo o0 TR

s oo~ o @

®



Measurement technique with DIC

Now it's getting complex, isn’t it?
o/

& 80

IIIII Handling the recorded data? *

DIC “standard” nomenclature

Gragh Data
110_Displacement_Pein n
Xjmm]

(00008 [ %

111_Displacemert_Poin

[o0000 ] '«

120 Dislscemens_Fon
72
K] a

o000 v ¢
121_Displacement_Poin

Y
{0006 1] 4
042_Strain_2P Y [%)

(00008 [ %

412 Strain_Areal4rue. Y

Fmoo00 &

411 |_Strain_Area14rue X

o008 - <

42 Strain_AreaZ4rue. Y

o000 - %

421 |_Strain_Area24rue X

o000 <

“readtueY  [gp

’? 800 ] %

readre X .

016000 [ &

442 Strain_Areadtrue Y

00086 - <

4-41 |_Strain_Aread-rue X

o000 - %

452 Strain_Areabirue.Y
%] . L

Run -

b Graph 2] 1Y Greph H |/ Graph Relative frm]

~ 000_Time [5] vs. 401 _Strain_Parzllelarea-true.x [%]
= 000_Time [5] vs. 402_Strain_Parzllelarea-true.Y [%]
— 000_Time [s] vs. 404_Strain_Parallelarea-true. XY [%]

0.4

03

02

005

-0.05

Esmvmma]o< > = 1

0.01 0.011

[s1

0012

for optical measurement data
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Measurement technique with DIC
It's not complicated!

Integrated 5V Trigger output :> : |
at the IMPETUS® pendulum Time-synchronous data!

4 vVALIMAT

Predefined t - -
redetined carmera positions :> Calibrated DIC recording!

attached to the pendulum

DIC “standard" nomenclature :> Easy data handling!

for optical measurement data

<

Efficient dynamic testing!
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Testing procedure

Have to be done manually

= Sample preparation with the speckle pattern
= Attaching the jig to the specimen
= Put the prepared sample at the counter bearing

= Perform the dynamic tensile test

A wm wm sw

= Activate the bright lights
= Start the recording of the-high-speed camera
* Immediately evaluate the DIC images

= Finally store the recorded data in the VALIMAT database
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Dynamic tensile test - unreinforced plastic External ZWICK

comparison 4a IMPETUS® / external ZWICK 4a IMPETUS
Typ A, 3m/s Typ B, 3m/s Typ C, 3m/s
80 40 7
i 120\ |
60 | 30 \- i
& & £ 90 [
= S S )
= 40 =20 = !
g o s 60 s
20 Aq 10 30
O A N Y Y M N Y [ N S I 0 I P T T e A N M| 0 A T T A T T N T N T (N N N AN [N NN N
0 10 20 30 40 50 @ 20 40 60 80 100 0O 20 40 60 80 100
Strain [%] Strain [%] Strain [%]
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Dynamic tensile test — reinforced plastic PPLGF30
comparison 4a / external

150
— External 0°
125 | -== [External 90°
- Ada 0°
100 === 4a 90°
& 75 <\
=
I \
§ 50 @\
A |
. 2 4Q

. ENGINEERING

0.00 0.02 0.04 0.06 0.08 0.10
Strain [-]

With the kind support by “® Celanese
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mIMPETUS
TT - LIVE
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VALIMAT® - import external test data

4 vALIMAT

smart data
handling

external Test data

| c
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VALIMAT® - import external test data

2 different import options

= 4a Standard (incl. DIC)

Import Data from DICStandardfile (BETA) [ (=] [
Database General
Specil - 5 @ - A ? nt A i?‘ nt - Cl B 5| - 5 lz' a a
pecimen y pecimen mbiet mbiel ; lamping | Specimen | Spedimen  _
d Mame BT U= Rotesal Temperature | Moisture e Length Width Thickness L2 | B
L] L] ] L] L] ] L] L] L] [E |
200713_013  59_L1 50_L1.csv Nl Nan N Nl Mal Nal
O O | O O | O O O M ®
200713014 59_12 59_[2.cov Ma Hal Hal Ma Ml Mal
O O | O O | O O O M ®
200713_015 61_L1 61_L1.csv Nal Nan Ml Nal Mal Mal |
O O | O O | O O O e | [
200713016 61_L2 61_L2.csw Na Mal Mal Na MalN naid J
O O | O O | O | O O H ®=
200713_017 e2_L1 62_L1.csv Nah Mah Mah Nahs |NaN Mal
O O ] O O '0 O al
+ |200713_018 | 62_L2 62_L2.csv MaN NaN < EI MaN NaN NaM
1 Il
(s | Options
= e
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ASCI / Excel

] I e 4
:| | Measurement 3 Setup / Start

Evaluate 4 Measurement log

X¥-plot * Measurementcurves

Mean value curves 4 Import 4a Standard (incl. DIC) (b)

Database 4 ASCI/ Excel

Python scripts 3

activeModell

Import testdata

|C:\Daten\SummerSchoolQ[}Gﬂ40‘] _srie-chob\Datenbanken'20071301_Datanbank-01 —Pre| |

File

Preview 5 Settings
1 2lxwn » Zlysi » Rlzes » 23w » 23zew - B Single/Multiple file s
% Timey Forces StrokewTimes Forces Strokes Times Forces Strokes Times F Selection Singlefile {Shimadzu with n

secols mme 3ecxMa mms secaMs mme secaMs mma secaM» mm

4 Op 0.08385744, 6.666667E-05+ D 0.1060963» 6.666667E-D5s 0w 0.097433 B Fileformat
SN0 01 009346008, 0.002» 0.01» 0.1064936» 0.001966667,0.01» 0.0972747 Header 3

| G @03 0.09314219» 0.0088 0.02» 0.106891x 0.008766667,0.02» 0.097751€ Labelow 5
Wurl.03s 0.09489059» 0.0183» 0.03» 0.1084805» 0.01833333» 0.03» 0.099897: :

i B 0.04» 0.1022816» 0.02843333» 0.04» 0.1152356» 0.0284» 0.04x 0.106891» Unitrow 3
5 0.05» 0.1218319» 0.03856667» 0.050 0.1340707» 0.038433335 0.05» 0.125 Columnfitter o
10; 0.06» 0.1598199» 0.04873333» 0.06» 0.1718203» 0.04843333» 0.06» 0.163 Decimalseparator (Dt)
111 0.07» 0.2178351» 0.05876667» 0.070 02302329, 0.0585» 0.07» 02213882
12 0.08» 02917443 0.06853333» 0.08» 0.304381» 0.0636,0.08» 02351622 Columnseparator (Tabulator)
13 009 0.3750324» 0.07843333» 0.09» 0.386353d» 0.07856667» 0.09» 0.377 = 1st Column
14 0.140.46245265 0.08836666x 0.150.4726251, 0.08836666, 0.1,0.4640425 0.0 Measuring signal Time
15 0.11» 0.5510648» 0.09826667» 0.11» 0.559489» 0.0983»0.11» 05524953 Uni
16 0.12» 0.6391208» 0.1082333» 0.12» 0.6473859» 0.1083» 0.12» 06415844y n s
17, 0.13» 0726382 0.1182667» 0.13» 0.7359982» 0.1182667» 0.13» 0.7303% Channelnumber Time (-1)
18 0.14» 0.8140405» 0.1283333» 0.14» 0.8250077» 0.1282333» 0.14» 08188 B 2nd Column
190 0.15» 0.9039243» 0.1384» 0.15x 0.9144942, 013823330 0.15» 0.9078979 Measuring sianal Force
200 0.16» 09969075, 0.1485667» 0.16» 1.005491» 0.1483333» 0.16» 0.9988 AsUnng =i
21 0.17» 1092593» 0.1586333» 0.17» 1.098553» 0.1584667» 0.17» 1.09203 Unit M
22 0.18» 1.190583» 0.1686667» 0.18» 1.192967» 0.1685667» 0.18» 1.18716 Channelnumber Forcesensor {CH22)
23 0.19» 1289606» 0.1785333» 0.19» 1.288096» 0.1786333» 0.19» 1.28340
24 0.2»1.38847,0.1883333» 0251384497, 0.1886333» 0.2»1380523, 0.18346 e ”
25 021» 1486937» 0.1983333» 021» 1482089 0.198d»021s 1478672y | Meaurioa sinnal Stroke
26 0.22» 1585166x 0.2084333» 0.22» 157992,0.2082333» 022» 1577377 3rd Column
27, 023» 1682997» 0.2185667» 0.23» 1676639 02183667» 023» 167616
28 024 1730351s 02236333 02ds 1772404s 02285, 024s 1773993 ¥

€ >
Save || Load ok || Cancel
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VA L I MAT® - |m po I’t exte n al test d ata 4a DIC standard designation

000_Time [s]

4a Standard (incl. DIC) 022_Force [N

010 Displacement_Crosshead.Y [mm]

042 Strain_2PY [%]

y 030_Stress_Parallelarea-tech [MPa]
A 032 Stress_Parallelarea-true [MPa]

110_Displacement_Point1.X [mm]
X 111 _Displacement_Point1.Y [mm]
112 Displacement_Point1.Z [mm]

—— I 120 _Displacement_Point2.X [mm]
I 121 _Displacement_Point2.Y [mm]
1““{-?0 122 Displacement_Point2.Z [mm]

‘q—*_ ™~ 011 Displacement 2PY [mm]
_ _b 401_Strain_Parallelarea-true.X [%]
g 402_Strain_Parallelarea-true.Y [%]

. | 403_Strain_Parallelarea-true.Z [%]
- 404 Strain_Parallelarea-true.XY [%]

411_Strain_Areal-true.X [%]
| 412_Strain_Areal-true.lY [%]
413 _Strain_Areal-true.Z [%]
414 Strain_Areal-true.XY [%]

500_Strainrate_2PY [%/s]
502 Strainrate Parallelarea.Y [%/s]

900 _Trigger [-]
A 901 Trigger AfterPreload [-]
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2 vVALIMAT

Evaluating and checking test data
Interpretation of typical results




VALIMAT®- Setting options
In the evaluation

= Filter

= Evaluation of the displacement
= Evaluation of the velocity

= Zero-point-evaluation

= |dentification of failure

= Stress / strain evaluation

= Results
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OB 2 @
(2 )G

Data directory

Databasze

Test plan
DE-Import
Test data
New
E Copy
Measurement
Setup / Start
|mipart
ﬁ Show'clomes
Evaluation of the test
l Evaluate
Load Plots
Unload Plots
-

v Mean value plots

Parameter model
Mew
O
Optimization
Create
Edit
g A Start

Test ]/Testdataba.se/VMeasuremnt/l/ﬂepnrt/l/r'deasuremntcuwes/]/‘-ﬁmrJ’ a[t]l} v[t]l} :

Diate_Mr

VIEI[B] 190813_037

General information
Test setup
Test specimen
B Ewvaluation

Filter

Ewvaluation ufdisplace_rnent
B| Evaluation of the vélnat;'

v \)"°

B Zefo-point evaluation

ﬂ—
|dentification of failure

..._ tend
tfail
alphamax_ep
alphamax_dp
Ffail
tfailfac
Fperc
trecovfac
b_criterium
Bl Stress evaluation
Evaluation bending
Bl Stiffness evaluation

fperc_lo
fperc_up
H| Results
H Y s I €© s

2000 CFC SAE Class
Angle

1-Angle sensor
2985525

5 - Accelerationsignal (without filter)
0.0070167

1 - automatic
0.0093765

0.0093765

5

5

0.05

10

0.8

20

0

Morm (elastic)

01
0.3




VALIMAT® - Basics information of evaluating data sets

The first symbol in the first row is for the user to mark the data sets. By right-clicking,
the data sets can be marked with the following symbols:

invalid data set

i check the measurement in regard to the upper/lower limit of the used sensor
4 unapproved data set
approved data set

[B) data set marked for deleting

(4 datasetis compressed (7-zip)

[ datasetis locked (invalid data set)

W data set is locked (approved data set)

The second symbol shows the status of the data set:

& new created data set I
¢t an error occurred in the measurement

&l an error occurred during saving

&l the test was run successfully and saved

2 the test has been evaluated
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Test | Test database

Date Mr

T ML
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Tester
Froject name

Muctmrmnar

New created data set

Plastic

Srie



VALIMAT® - Basics information of evaluating data sets

The first symbol in the first row is for the user to mark the data sets. By right-clicking, Test | T
the data sets can be marked with the following symbols: Date Nr

T ML
.-:'-..-..-'13_-..35

invalid data set

k] check the measurement in regard to the upper/lower limit of the used sensor = Ggl;eral information
4 unapproved data set \ MWaterial Plastic
approved data set ‘ Seri 0
eries

[B) data set marked for deleting

4 data setis compressed (7-zip) Tester Srie
[ datasetis locked (invalid data set) Project name
W data set is locked (approved data set) .

The second symbol shows the status of the data set:

new created data set
et an error occurred in the meagergit A successfully tested / imported data set

1 _an error occurred during savin
& the test was run successfully and saved I

2 the test has been evaluated
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VALIMAT® - Basics information of evaluating data sets

The first symbol in the first row is for the user to mark the data sets. By right-clicking,
the data sets can be marked with the following symbols:

invalid data set

i check the measurement in regard to the upper/lower limit of the used sensor
4 unapproved data set
approved data set (. A\

[B) data set marked for deleting

(4 datasetis compressed (7-zip)

[ datasetis locked (invalid data set)

W data set is locked (approved data set)

The second symbol shows the status of the data set:

et

1

G
&t

new created data set

an error occurred in the measurement
an error occurred during saving

the test was run successfully and saved

[5

the test has been evaluated I

A successfully evaluated data set
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TT (Tensile test)
PPEGTOTHP

: 0

mperature of the

I Orientation of £

Copy
Select model data sets

Approved

Mot approved

Invalid

Lock
Mark for deletion
Delete

Backup data set (7zip)

=I Velocitv: 0.0

Measurement 3

del" [ Model data Evaluate 3
I: Ky -plot 3

Mean value curves 3

Database 3

Python scripts ]

H Y S | S \"\" E

Plastic
Plastic
Plastic
Plastic
Plastic

Evaluation

Evaluation (default)

Optical evaluation (Imagel)

Optical evaluation




VALIMAT® - Basic information of evaluating data sets

m Deformed specimen

[) Clear failure was detected

(i) Recovery was detected

/'*\\

Faorce [N]
B3 R

<

. 2,
Displacemen it [mm]

! 2.
Displacemen t [mm]

IN]

150.00

P1-Stamax-PPLGF20 23 | X 2PB EP 1580g v3m/s w4

.00 EX
Displacemen it [mm]

Test ]/ Test databasze
Diate_Nr

190430 077
S L

/] ;I IE.]||
General information
Test setup
Test specimen
B Evaluaton

Fiter [

@ Manual failure detection

no filker
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VALIMAT® - evaluation

= Filter measurement data

4 vALIMAT

smart
evaluation
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Test [ Testdatabase

Cerrarra e
P S———

IR

Filter
Evaluation of displacement
Evaluation of the velocity
Zero-point evaluation
Identification of failure
Stress evaluation

EH B EH B

Stiffness evaluation

&

2000 CFC SAE Class

[

4000 CFC SAE Class
3000 CFC SAE Class
2500 CFC SAE Class
1500 CFC SAE Class
1000 CFC SAE Class
600 CFC SAE Class

~

recommended filter frequency

Setting of a filter to smooth the measurement signal.
MEW:5  CFC SAE velocity optimum -> Uses the sensor-manufacturer

Results

300 CFC SAE Class

180 CFC SAE Class

60 CFC SAEClass v
Filter




VALIMAT® - evaluation

= Evaluation of the displacement

4 vALIMAT

smart
evaluation
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P S———

Cerrarra e

IR

Test [© Test dalahasg

1‘Evaluation

Filter 2000 CFC SAE Class
Evaluation of displacement Angle
Evaluation of the velocity Ang
Zero-point evaluation Acceleration
Identification of failure 1- automatic

Stress evaluation
Stiffness evaluation
Results

Evaluation of displacement

Evaluation of displacement (In Tensile Impact Test also for acceleration
and velocity)




VALIMAT® - evaluation

= Evaluation of the velocity

4 vALIMAT

smart
evaluation
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Test [© Testdats hasg

P S———

Cerrarra e

IR

Filter
Evaluation of displacement

s‘fﬁaluaﬁnn

0

(|

Zero-point evaluation
ldentification of failure
Stress evaluation

H

Stiffness evaluation

E]

Results

(|

2000 CFC SAE Class
Angle

[

Evaluation of the velocity 1- Angle sensor
vl

0 - Manual setting
1- Angle sensor

1- automatic

Evaluation of the velocity
Type of evaluation ofthe velocity




VALIMAT® - evaluation

= Zero-point-evaluation

4 vALIMAT

smart
evaluation
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Test || Testdata has:g

P S———

Cerrarra e

IR

R

DateWur &
1908_:;3.1 \ ")

|

Identification of failure

[

Stress evaluation

3|

Stiffness evaluation

o

Results

0

Zero-point evaluatio

Filter 2000 CFC SAE Class
Evaluation of displacement Angle
Bl Evaluation of the velocity 1-Angle sensor

2985525

vl
Zero-point evaluation 5 - Accelerationsignal (wimoutﬁlterj

0-Manual (pointin time)
1-Support

2 - Accelerationsignal

4 - Support (without filter)

5 - Accelerationsignal (without filter)
6 - Contactangle
7 - Extrapolation force-displacement gradient

The zero-point of the measurement curve can be evaluated manually or
using a specified function




VALIMAT® - evaluation

= |dentification of failure

4 vALIMAT

smart
evaluation
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Cerrarra e
P S———

IR

o Testt Testdalaha%

" 2000 CFC SAE Class
Ewvaluation of displacement Angle

Evaluation ofthe velocity 1-Angle sensor

vl 2985525
Zero-point evaluation 5 - Accelerationsignal (without filter
13| Identification of failure 1-automatic j

tend 0 -Manual (point in time)

tfail

alphamax_ep -5

alphamax_dp 5

Ffail 0.05

tfailfac 10

Fperc 08

+ Fo an

Identification of failure
Includes all factors to identify failure during measurement




VALIMAT® - |dentification of failure

manual failure settings (e.g. puncture test)

= alphamax_ep -5 (default value) - -1 (limit the max. angle of evaluation)

. — factor

0.05 (default value) = 0.5 (Force drop to 50% for the-end point)

= The impact of the buffer is now not evaluated - result of energy.is correct

DDDDDDD

alphamax_ep -5
|:fail 0.

4

DDDDDDD

1200.00

/)
7

&00.00 /
0.00
0.00

L«/‘"\J. e o T
.00 12

2.00 18.
Displacemen t [mm]

Vi

PT EF 32}8g v3m/s lw42mm (130824 001}

ﬂﬂﬂﬂﬂﬂ

DDDDDDD

manuell

alphamax_ep -1 |

200.00 /
0.00
0.00

Dizplacemen t [mm]
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VALIMAT® - evaluation

= Stress / strain evaluation

4 vALIMAT

smart
evaluation
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Filter

Evaluation of displacement

H| Evaluation ofthe velocity
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Zero-point evaluation

Identification of failure

Bl Stress evaluation

EH #H

Ewvaluation bending
Mo evaluation
4a solver for bending
MNorm (elastic)
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VALIMAT® - evaluation

= Results

Cerrarra e

i

Test [ Test dalaha*

4 vALIMAT

Filter 2000 CFC SAE Class
Evaluation of displacement Angle
H| Evaluation ofthe velocity 1-Angle sensor
sSm art V0 2985525
Zero-point evaluation 5 - Accelerationsignal (without filter)
- Identification of failure 1- automatic
eV aI u a.tl O n Bl Stress evaluation

Ewvaluation bending MNorm (elastic) j
Mo evaluation
4a solver for bending
MNorm (elastic)
B Morm (elastic + large deflection, EN IS0 14125:1998 + AC:2002 + A1:2011
MNaorm (elastic, 4 Pt-Bending)
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VALIMAT®- Setting options
In the evaluation

= Filter

= Evaluation of the displacement
= Evaluation of the velocity

= Zero-point-evaluation

= |dentification of failure

= Stress / strain evaluation

= Results
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Thank you for your Attention!

4a summer-school - webinar and training
Evaluating and checking test data
Interpretation of typical results

SAVE THE DATE
15. general yield surface (*MAT_187) and other
material models, failure approaches and

VALIMAT comprehensive Autofit setup

more information on our software

[OimPETUS

Anisotropic

% L =%~ | YoupUlL
aq BEELEES / L) ;' ;
n : &
Damage/Failure = Hardening
www.da-engineering.at\valimat ‘
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https://www.4a-engineering.at/4a-valimat
https://www.4a-engineering.at/testpackages
https://www.4a-engineering.at/downloads/comprehensive-test-packages.pdf
https://www.youtube.com/channel/UCgzo_QL773e_1XAT8_-FaZg



