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New possibilities for characterising elastomers using Dynamic Mechanical
Analysis (DMA) at high strain rates.

Brice TAILLET
RIEG ATDM - March 13, 2020
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ACOEM Group

« ACOEM Group around the world
« METRAVIB Business unit
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ACOEM Group — Around the world
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ACOEM Group — our activities

Environment Maintenance Design Defence

Prevent and control air, Increase the Contribute to the Protect soldiers, sites

noise and vibration productivity and development of and vehicles in military

pollution reliability of industrial effective, robust & theaters of operation
machinery noiseless products

il
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ACOEM Group - Design

 Design and produce effective, robust &
noiseless products ;

 Expertise in the field of noise and
vibrational engineering.

© Metravib

Noise & Vibration Engineering

* Provide manufacturers and laboratories DMA instruments for the
characterization of the dynamic mechanical properties of materials

© Metravib

Material testing

Transport Aerospace




DMA background and products

Background
Range of products
Focus on Xpander
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DMA background

Ao B Force
principle: transducer

Dynamic Mechanical Analysis (DMA) is the most accurate
technique for measuring the viscoelastic properties of
materials.

Specimen

DMA consists in applying a dynamic forced excitation to a
specimen of material, measuring the applied force and the
resulting deformation.

Displacement
transducer

=

Electrodynamic shaker




DMA background

Displacement and Force signal processing leads to the accurate determination of the complex stiffness ;

From the specimen shape and dimensions and the excitation mode the complex modulus of material can be precisely
calculated

Force

Phase angle, Tan o
/ Stiffness: K*=F /D

Modulus: E* or G*

E = Shape factor . (Length/Surface) . K

Displacement



DMA background

What is the usefulness of a DMA ?

Characterisation of the frequency

Characterisation of linear/non dependence of the viscoelastic

Determination of glass transition of polymers . :
linear behavior of elastomers properties

Ll
E Tex
B eds @8 P OES AlAER EE, LOREOEBED R0 2Rey ;‘%‘? =
Elastomer Compression plates dynD2.e5m SR eds @S Py v OEL; AINAE S 18 s g OB CONENEEG TRe ) —r — E
13_Kplot_rubber temp ramp.dres stat FON s gcimen i e Tan pr— ol ) YT = ;be O g I E @ E!EHE.I. ERey tve,
E . TanSE v s e | P ubber . Compression plates dnDle5m
(Pa)  |02/28/2012 Dim. (mm) :H=20 @ =24 Freq (Hz) TansG dynD Gap N#=2 o . 137 plot goodrich 1 25kinf Ibi-paich dres{
o : 16 . 0z i (01/10/2014 Dim. (mm) :E=2 @ =10 ) Freq (Hz) E |osozron Dim. (mm) - H =25 @=17 Tan 8 E e
2 tez : — res . o Toe - - - . . cg)
2 : T T3
4
0354 1e3
12
. \\
P 11
R HEE i
e84 08 ] : EE . REPY )
= A :
06 A — . i
o . : z =
- . 0 1e5 104 ) ‘ 162 o1 e Ted Tes a2 o T 00 1000
80 60 -4Q -] [] 2 Dynamic strain Frequency (Hz)
Temperature (“C) . @ Metravib © Metravib
eiravi 't operater T T
Met ’_E

. Strain sweep from 0,001% Frequency sweep from
Multiple frequency sweep up to 100% 0,001Hz to 1000Hz

« Creep and relaxation test
« Master curves computation
« TTS (Time Temperature Superposition)



DMA background

What is the usefulness of a DMA ? Example for tire industry
Wintertire température sweep -80 +80°C 5°C/min 0.09% def. . Temperature ra‘mp
Summer Tire
:j | All season tire P 4

Temperature ramp -70 to 120°C
Low strain amplitude

Comparison Carbon black and
Silica filler for tire tread

208

Data courtesy SOLVAY

Temperature ——

Benefits
= Tire performance optimization

= Relation between tan delta and grip and
rolling resistance properties of tires




DMA background

What is the usefulness of a DMA ?

But also

Fatigue testing Heat-build up

200%.mre=7] JSITIE emp 55-1.mre=2] =181
e vew Sysem It Rewit Ioos Mndow Heb _ex e vew Sytem et Rewit ook Mndow Heb _ex
Dme oS B8 Ly 0pATlrAREE, PEGCE RO PRy DEEn S HE Ly ORI KAEIPr 1=y »E ANGCE RO SR
Specimen _H_Shearjaws Tor films ;24 ig ;c Specimen D Compression plates HBU PRGN
N req iz -
9
20 1Fatigue200%.mres G?p N#=2 o B B Te £ HBU Ech D temp 55-1.mres . e B Tan 5 E Freq 30 Hz
o 11132012 Dim. (mm) :E=5 H=19.3 L=1.95 Cycles ) 2 11/13/2013 Dim. (mm) :H=25 @=17.8 oase D c-c (m)
A 10 = 445e3
+ 20 [12a8c] %
] oo 120+ [rze0c] L oss
= / ° 200
. - y % 300 7.6
,/ —7 / i 100 L 0145
. £ s @
,/ = < 00 100 | o1a
/) . § é§§ 6.8¢6 -|
[T - I o135
§ B CER
%ol "1
2 1360 6.66 - Lo13
9 1630
* 1900 i 0125
0 < iz 60 -3
- 6.4e6
- AL I 012
40 /£ [
/ — = - o115
/L 409 62e6
o :
> \>_<' b o1
20 6.6 0.105
483 283 X 263 463 6e3 124 284 384 4c4 584 7e4
Temporal displacement (m) Number of cycles
© Metravib © Metravib
sy T T

« Strain sweep
« Lissajous curves .
» Possibility to take onto account

multiple harmonics for

measurements

specimen during test

[T+ Operator

Measurement of temperature of large

Crack-growth

Analysis of crack propagation in
rubber specimen

Control of strain, stress or tearing
energy

Waveform control for similar excitation
than real life



DMA background

To Sum-up

DMA helps researchers and engineers to:

Understand the relationships between the material’'s molecular structure and its mechanical
properties ;

Predict how the material will perform ;

Select the right material to obtain products expected performances ;

Control the key performances of manufactured products in their conditions of use and ensure their
manufacturing quality and lifetime.

Sole shoe (SALOMON) Electric engine mount : need of rubbers with lower
stiffening at high frequencies (example Mini Electric)

: o
P B DA e

Michelin UPTIS Pneu Airless



METRAVIB — Range of products

« Leading manufacturer of High-End DMA instruments

« 50 years plus experience in DMA
DMA+ series H
Analyzer

Desktop

series

Xpander HBU VHF104

Compression Crack Growth

Tension testing
Shear

.
).
.

14/33 Metravib



METRAVIB — Range of products

Focus on Xpander : fully automated DMA

6 axis industrial and collaborative robot arm ;
Storage carrousel ;

Up to 400 specimens ;

Up to 12 removable storage racks.

Benefits
H24 testing
Improved data repeatability/reproducibility
Fully compatible with DMA+1000/2000
Keeps all original DMA+ capabilities
Fast conversion between excitation modes
Operator alert

Compression Tension



Measurement examples

DMA typical tests
Fatigue capabilities
HBU test

Crack growth module
High frequencies test

16/33 Metravib



METRAVIB — Material testing

) Dynatest - [DMA-+ 1000 Very low strain sweep_400p_4.dres:2] - =] x|
© Fle WView System Test Robot Results Tools Window Help -8 x

M EReIS BS Liv O EHAAICEEP 1=y L rARCANEENEROE TR

[)SMEEﬂcﬂgr\ZeE:w strain sweep_400p_4 dres Base plan Shear T 2456 eC g -
Tan5G dynD "’ T leaenez & Dynamic strain sweep
b (m) 01/10/2014 im. (mm) :E= = : 1_(eP8a) ] Freq “'izo)
0.354
. Strain sweep from very low to
high strain

0254
024 - 1e7 0,001% Up tO 100%
" Shear for solids
014 :

0,001% strain
0.054

0 1.e6
1.e-5 1.e-4 1e-3 1e-2 0.1
Dynamic strain
© Metravib I

[1: Operator [ "'1

Benefits
Payne effect characterization
Very low strain achievable thanks to high

Glued or molded sample
(video)

resolution
High strain achievable thanks to high force of
instrument



../Pictures/video/Shear.MOV

METRAVIB — Material testing

ELASTOMER Cisaillement spécifique Freq 20. Hz
strain sweep 20hz AMB-LATEX-600-M.fva
G' Tan delta d . .
(Pa) [21/03/2008 Factform1 = 4.96E+000 Factform2 = 0.00E+000 T (°C) Dynam|c strain sweep
le7
! - 22.9
Foo05e] i - 0.25
4.18e6 Pa
/ Strain sweep from very low to
\. / 02 high strain on latex glove
T 0,5% up to 600%
‘\ LN
*\k\ / - 018 Shear for solids
7:‘\
/././- \II
0,5%| /./rl/“/ 1.80e6Pa) [ 01
I/./
PIAI/./././
NP
l.e6
le-3 le-2 01 10.
Taux de déformation dyn.
© Metravib

Latex is a very particular material in the nonlinear materials family, able to support
huge strain deformation, without breaking.




METRAVIB — Material testing

=l=ix|

jew System Test Result Tools Window Help -8 x

 File Vi E
DR ad BE Lyiv e \OEEE;IFEHEIn?IQE\GﬁE? k?en

Specimen Shear jaws for films T 24.56 °C

1Fatigue200%.mres Freq 10 Hz F . .
F(t ©. Gap N#= 2
(ISI)) 11/13/2012 Dim.(mm) :E=5 H=19.3 L=1.95 Cycles atlgue teStIng

80
T

60 -

= Waveform control

= Sine, Haversine, Pulse,
Triangle, Square..

= Customized wave forms

= Multiple harmonics control

= Lissajous curves

= Heat build up capabilities

= Crack growth module

40

Strain sweep - Lissajous curves

Possibility to take onto account

multiple harmonics for

Beneflts measurements

= More accurate analysis of non linear materials Time dat 1able: f d
ime data available: force an

displacement signals

= Energy calculation
= Extend capabilities of analysis




METRAVIB — Material testing

» Evolution of E’ and Tan & during the fatigue test according the

Heat Build-up
number of cycles ;

« During the test : temperature surface is about 66°C ; Fatigue testing with high strain
« Atthe end : the internal temperature reaches almost 125°C. rate

Temperature probe included in
the superior plate (continuous

(8]

Sen toihmgy e K AILAEE 1 e: gL EROR T - lemperalure measurement
jBZe:ithT D — Compression plates HBU T8 T during fatigue testing)
. . Te E con b temp oo-1.mres ) o B Tan 5 E Freq 30 Hz
Specific specimen holder (0 Gy, AN Dim. (mm) -R=25 0=17.8 oss  Deoim N
for HBU test | ' Additional needle temperature
(video) probe mtrodgced inside the
rubber specimen by a
' o136 pneumatic command
oo (instantaneous temperature in
3 the heart)
. s Tt 22 I3\I?J4mber of cygligg Set oo e
@ Metravib

[1: Operator |
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METRAVIB — Material testing

Fatigue crack growth module

* Motorized microscope
equipped with a CCD video
camera

« Software module dedicated
to crack growth testing

* 4 cracks can be followed in
the same time

The full test includes 3 separates test sequences :

1/ Accommodation : a preliminary accommodation test is applied
to the un-cracked specimen (limit the Mullins effect).

2/ Characterisation : a preliminary characterization test is applied
to the un-cracked specimen to determine the relationship
between the applied energy and the strain amplitude.

3/ Crack growth :The crack growth test is performed
automatically without operator’s intervention, at given energy.
Pure shear specimen up From the successive crack images and detected crack tip
to 80mm wide positions, it determines crack growth rate and related data.

Video


../Pictures/video/METRAVIB Fatigue Crack growth video.mp4

METRAVIB — Material testing

Focus on VHF measurements - principle

® A unique high frequency mechanical analyzer to accede to the direct experimental analysis of
material viscoelastic properties over a high frequency range: 100 Hz up to 10 kHz.

® Characterisation of a damped element through a resonant analysis:

e Measurement of both accelerations (yO, yi) over an imposed sweep of frequency.
¢ Calculation of the specimen’s transfer function: T =y0 / yi

® Calculation of the intrinsic material’s characteristics E, Tan d by F.E.M.

Specimen 1 Ci tes Dynstr. 1.e-4
ompression pla

Speciment_9-7g.fva
H

01/17/2008 Dim (mm) :H=6.3 2=125 ©) T(C)

° = = = oS- 0 L] 29

Mass M
Measured

-— acceleration y 0

@ Typical test condition:
® Cylindrical Shape.
® Wave form: sine.
® Additional mass: 10g.
® -50°C up to 110°C.

<+——— Specimen (K*)

Imposed
acceleration yi

Shaker /W\l

104

Frequency (Hz)
MetraviB




METRAVIB — Material testing

Focus on VHF measurements — Comparison with DMA+

Data superposition DMA+ & VHF104

Sample D Sample D
1,E+08
, VHF
- DMA+ BF LE+00 VHF
—o— DMA+ HF —=— DMA+ BF
& - DMA+ HF
w =
jnaone [0)
g —potet=T] \D-/
8 ae—-*"*—-‘_-ae’*/ '_
g 1,E+07 LU e E 1,E-01 == i
o 0]
: 2
o =
1,E-02
1.E+06 1,E-05 1,E-03 1,E-01 1,E+01 1,E+03 1,E+05
1,E-05 1,E-03 1,E-01 1,E+01 1,E+03 1,E+05
Frequency (Hz) Frequency (Hz)

» Perfect continuity between DMA and VHF104 ;
VHF104 allows to go further in frequency analysis.



METRAVIB — Material testing

Focus on VHF measurements — Comparison with DMA+

Data superposition DMA+ & VHF104: E’/tan d vs master curves

Sample D Sample D

1,00E+08 ,
VHF 1.00E+00 1 VHF

—MC_S 9,00E-01 ] ——MC_S

8,00E-01

PORL L o 7,00E-01

6,00E-01 ]

E (Pa)

1,00E+07

5,00E-01 A

TANGENT (Delta)

4,00E-01 ]

3,00E-01 1

2,00E-01 4

1,00E-01 1

1,00E+06
1,00E+02 1,00E+03 1,00E+04
Frequency (Hz)

0,00E+00 A
1,00E+03 1,00E+04
Frequency (Hz)

« Duration for test in order to compute master curves : 7 hours
* Duration for VHF104 test : 15min



DMASUITE 8.5 — New functionalities for
strain sweep test

 Optimization of the test duration
« Storage of the temporal signals
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New functionalities for strain sweep test

Optimisation of test duration

= New software version Rubber Base plan shear
' 02b_DMA+300_V8-3_shear_strain sw.dres| Gap Nii= 2 .
= More open software ; (Sa) 14/02/2020 11:09:54 Dim. (mm) :E=3.2 @ =10 " T,:e;
1.e7 0.42 10
= Greater configuration possibilities. ==
w7
N
s, S - 0.4
. =
. " o, e
= Experimental conditions s
Mode : double shear P
| | l\.\; |
= Sample : rubber (tire type) il - 0%
= Dynamic strain sweep : 0,1% up to 50% and - e
50% up to 0,1% ; / 3 \‘\\\
= 20 measurement point; // \\'\.\ L 032
N
= Frequency: 10 Hz; e T ST o1
ynamic strain
= Room temperature © Metravib
Duration test with old version :
9min



New functionalities for strain sweep test

Optimisation of test duration

Stabilization and Measurernent Periods X Stabilization and Measuremen
Rest time between measurement points Rest time between measuremer
. =}
One measurement point means several steps before : C
Periods
1. Fade : transcient state, amplitude modulation to avoid Custom €
OverShoo_tmg (3 pe“OdS) ;‘ ) o ) Fade Stabilization || Regulation | ' Measuremen:
2. Stabilization : accomodation step in order to limit the Mullins 1 IR 1 3 0.01 Hz
effect (3 periods) ; 1 1 3 5 0.1 Hz
3. Regulation : acceptance tolerance (6 periods) ; 3 b 6 12 1 He
4. Measurement : average of 12 periods. 1 Nz 15 30 10 Hz
5 | 10 15 30 100 He
50 | [ 100 [ 100 [ 100 | 1000 Hz
Cancel

o



New functionalities for strain sweep test

.. . . Rubber
Optimisation of test duration VIERGE. 000 Base plan shear
G Gap N#=2 Tand G Freq
(Pa) | 14/02/2020 11:09:54 Dim. (mm) :E=3.2 @=10 (H2)
Old version 26 0.5 02b_DMA+300_V8.
« Parameters have been imposed (no user control) A7l OMA,
- L 045 4 o
i
0%}\.\
. ¥ 'Niit\“\ L i % e s
New version : . e ‘ 35%1@: - 04
» Creation of new menus (Fast, Intermediate, Accurate, Custom) A Oy \
&?ﬁ - u%\ L 035
Menus Test duration L ‘
—r
Old version (no control) 9 min - 03
Intermediate 5 min .
Custom/Fast 2 min
1.e6 . 0.2
1.e-4 163 1e2 0.1
Dynamic strain
@ Metravib

Results obtained in the different modes

Benefits > the curves overlap

Control of excitation history during the whole test ;

The energy injected into the material during the test is known and can be
controlled (limitation of self-heating phenomena) ;
The test duration can be reduced (time saving and productivity gain)




New functionalities for strain sweep test

Stores the temporal signals

Rubber Base plan shear
30-6a_Intormediato® temporal DWA+1000_V8-5-1_shear_sirain sw.dres
:.BLUbbe rwnwunwu VS S T Base plan shear F(t) G.a p N#=2 Dynstr. Freq Time
B Gap N#t= 2 (N) [ 14/02/2020 16:02:17 Dim. (mm) :E=3.2 @ =10 "
Dyn str. ap New= Dynstr.  Freq 100 . 2 )
14/02/2020 16:02:17 Dim. (mm) :E=32 @=10 H ; = led 10 7.401
1 (Hz) i A13%3 10 2074
- u 13 10 : 419203 10 52.08
t ! gggg 13 i +2 67e-3 10 7069
. | 37e3 10 93.03
e by i 051363 10 1116
o 5133 10 | X 71263 10 1302
71263 10 ; <]9.87e-3 10 1489
<] 9873 0 50 > . [=0.01369 10 167.5
0.14-- [> 001368 o 0.01899 10 189.8
= 0.0138% hid 40.02633 10 2084
: 002633 9 P0.03652 10 227
Y 005085 10 ¥0.05065 10 2456
¥ 007025 10 0.07025 10 2643
[ ooor4a3 10 [D.09743 10 2829
01351 10 0.1351 10 3015
M oren 10 p4 01874 10 3201
R 02599 10 0 O 0.2599 10 3387
S o n A\ 03605 10 3573
+ 02605 10 05 10 3759
0.2509 10 =¥ 0.3605 10 3983
0.1874 10 0.2599 10 4206
A 0.1351 10 = 01874 10 4429
t gg%;g 13 : 01351 10 4653
009743 10 4876
ted s T D 1 2007025 10 5099
s b -50 ~+0.05085 10 5323
<] 001899 10 0.03652 10 554.6
[> 001369 10 £0.02633 10 577
<].01899 10 5993
[20.01369 10 6216
1e4 ' : : . .
0 100 200 300 400 500 600 700 800 900
Time (s)
. -100
© Metravib 283 1563 1e3 564 0 5.6-4 163 1.56-3 2e3

Temporal displacement (m)

© Metravib

Benefits The shape of the loops :
= More accurate analysis of non linear materials * Isrepresentative of the viscous nature of the behavior (dissipation in

= Energy calculation therr_r;al f‘?r;n); . the nature of the damping (v behayi
= Extend Capabilities of anaIySiS ° proviaes intormation on the nature o € damping (VISCous benavior,

mechanical damping, etc.).




Conclusions
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METRAVIB — Material testing

DMA = E* G* Tan delta (Covering 6 to 7 decades)
= Glass transition
= Curing process
= Payne effect (High force capability)
= Mullins effect (High force capability)
®= Frequency effect (High frequency capability)
= Static tests (Creep, stress relaxation, tensile...)
= Environment/immersion/humidity effect
= Automatic Master curves
= Automatic Long term creep prediction

& @
: aa

FATIGUE = Fatigue testing

= Waveform control
=  Multi harmonics analysis

HBU/ * Heat Build Up
FLEXOMETER exceeding standard requirements

CRACK GROWTH

Automatic crack growth testing , tearing energy ...

=  Automated DMA tests with Xpander in tension,
compression and shear modes



METRAVIB — Material testing

Contact

Brice TAILLET

METRAVIB Europe sales manager @ m v
brice.taillet@acoem.com Etra\nb

http://metravib.acoemgroup.fr/dma

Ben PROUDLOVE
Merrow Scientific Ltd

METRAVIB distributor for UK market merrow scientific

ben@merrowscientific.com

www.merrowscientific.com
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