
www.rubbernews.com14  Rubber & Plastics News  •  July 26, 2021 www.rubbernews.com

Technical

Dynamic mechanical analysis 
is a testing technique that has 
been employed in the tire indus-
try for over half a century. Each 
tire company has its own version 
that roughly does the same 
thing—evaluates rubber com-
pounds for traction under various 
conditions, fuel economy, han-
dling and damping properties.

DMA is one of the pillars that 
has helped advance tire science 
to where it is today, so why has it 
not gained footing in the non-tire 
arena? Mostly because viscoelas-
tic properties are governed by a 
series of mathematical equations 
that can be hard to translate to 
real life, especially for companies 
that do not have scores of techni-
cal people working on a single 
layer of a multi-layered process. 
This paper helps shed light on 
the theories surrounding visco-
elastic properties and analyzes 
them from a non-tire perspective.

Viscoelastic theory
The main theories used today 

to describe viscoelastic proper-
ties were developed before the 
discovery of rubber vulcanization 
even occurred. The two main 
theories that create the founda-
tion for viscoelastic properties en-
compass Hooke’s Law and New-
ton’s law of viscosity.

Robert Hooke theorized in the 
17th century the basis of elasticity. 
“Hooke’s Law states that the force 
needed to extend or compress a 
metal spring by some distance is 
proportional to the distance. This 
is the first classical example of an 
explanation of elasticity.”1

In laymen’s terms, it is the 
ability of an object to return to its 
normal shape after experiencing 
some form of distortion. This 
theory works well for materials 
that behave linearly, like steel.  

The Newton Dashpot Model of 
viscoelastic properties is based 
on Newton’s law of viscosity, and 
is looking at true viscous behav-
ior. “Newton’s law of viscosity 
defines the relationship between 
the shear stress and shear rate of 
a fluid subjected to a mechanical 
stress. The ratio of shear stress 
to shear rate is a constant, for a 
given temperature and pressure, 
and is defined as the viscosity or 
coefficient of viscosity.”3

Newton used this theory to ana-
lyze different f luids. Whereas 
Hooke’s law explains elasticity (an 
object returning to its normal 
shape after experiencing some 
form of distortion) Newton’s law 
states once the stress is removed on 
the part there is no recovery. This 
is the law used to explain the vis-
cous portion of a polymer that con-
trols creep and stress relaxation. It 
is the best viscoelastic theory used 

to understand damping properties 
of a rubber compound.  

These two theories provide the 
framework for understanding 
elastomer viscoelastic properties. 
Other theories exist, including the 
Kelvin-Voigt Viscoelastic Model, 
Brownian Motion, Maxwell Model, 
and Standard Linear Solid Model. 
However, most of these models use 
some blend of both Hooke’s theory 
and Newton’s law.

Analyzing viscoelastic theory 
through a rubber perspective can 
be very challenging because the 
foundational theories were based 
on elasticity of a metal spring and 
the viscosity of a given fluid. 
These theories also were put forth 
before rubber vulcanization was 
even discovered. In a vacuum it is 
easy to understand damping 
properties and elasticity proper-
ties; however, elastomers are 
complex compounds that change 
based on their environment. For 
instance, Robert Hooke’s metal 
spring was the same in freezing 
temperatures, ambient tem-
peratures and elevated tem-
peratures up to 1,500°C—rub-
ber not so much.

Elastomers go through four 
distinct phases as the tempera-
ture rises, and the temperature 

required to go through these 
phases changes based on the 
base polymer and the addition of 
plasticizers. Therefore, viscoelas-
tic properties can be hard to un-
derstand because each unique 
compound will react differently in 
changing environments. These 
four regions are:

1. Glassy Region
2. Glass Transition (Tg) Region
3. Rubber Region
4. Flow Region
The glassy region exists below 

the compound glass transition 
temperature (Tg) and essentially 
the polymer chains are frozen in 
place. This causes rubber parts 
to become very stiff and have lit-
tle to no elastic qualities. “The 
only molecular motion is the 
bending and stretching of chemi-
cal bonds.”2 In fact, rubber com-
pounds can break or shatter 
when exposed to temperatures 
within this region. In this region 
the rubber is almost glass-like.

When a compound enters the 
glass transition region the poly-
mer’s rotational motion increas-
es, but the frictional resistance is 
still high, leading to a decrease 
in elastic modulus. The rubber 
part will feel stiff but will not 
shatter or crack when impacted 

or flexed like in the glassy region.
As the temperature continues 

to increase, the rubber product 
enters the rubber region. In this 
region, rotational motion is possi-
ble. The polymer becomes highly 
elastic and rubber-like, allowing 
for high elongation. In this region 
there still is resistance to transla-
tional motion (slippage of one 
polymer chain past another). This 
resistance is because the polymer 
chains develop entanglements 
that act like crosslinks. In this 
region, the rubber part acts the 
way it is expected to act and is 
highly elastic.

An example of this would be 
stretching a rubber band. Fig. 1
shows a schematic of the elastic 
and viscous modulus in the rub-
ber region.

As the temperature greatly in-
creases, the rubber will enter the 
f low region. This happens at 
processing temperatures. The 
resistance to translational mo-
tion decreases and the polymer 
chains easily slip past one anoth-
er. The polymer loses dimension-
al stability and flows like a vis-
cous liquid. The flow region 
allows for the processing of rub-
ber compounds through internal 
mixers, extruders, calenders, 
building equipment and the cur-
ing equipment.  

In the finished product, the 
polymer no longer has a flow re-
gion because the polymer chains 
are vulcanized (crosslinked) with 
chemical curing agents. Howev-
er, the three other regions still 
exist after vulcanization.

An elastomer’s ability to change 
categorically based on tempera-
ture is why viscoelastic proper-
ties can be difficult to determine, 
because they are not static. 
Therefore, DMA testing can have 
beneficial use in determining the 
life span and best product for 
dynamic applications.
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Dynamic mechanical analysis (DMA) is a testing method that measures the elasticity and damping 
of rubber compounds, also referred to as viscoelastic properties. DMA applies sinusoidal deformation 
to evaluate a compound’s response to different temperatures and frequencies.

The DMA traditionally has been used in tire compound development; however, DMA can be a useful 
tool in evaluating any rubber part used in dynamic applications. DMA has the capability to evaluate 
strain, frequencies and temperatures in compression, tension or shear, allowing for a unique finger-
print of a rubber compound at operating conditions that goes beyond traditional, one-dimensional lab 
tests like unaged physical properties and hardness.

This paper elaborates viscoelastic theory through a non-tire lens and includes a case study evalu-
ating how DMA can be used to determine compound suitability in wiper blade and engine mount 
applications.  
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Executive summary
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How does a DMA work?
A DMA is a testing device that 

deforms a sample and measures 
that sample’s response. The de-
formation is plotted using stress 
and strain or temperature and 
time. “DMA works by applying a 
sinusoidal deformation to a sam-
ple of known geometry. The sam-
ple can be subjected by a con-
trolled stress or a controlled 
strain. For a known stress, the 
sample will then deform a certain 
amount. How much it deforms is 
related to stiffness. A force motor 
is used to generate the sinusoidal 
wave, and this is transmitted to 
the sample via a drive shaft.”5

The deformation applied to the 
sample can be done in compression, 
shear, dual cantilever bend, and 
with a 3-point bend. A schematic of 
the different DMA deformation 
types can be found in Fig.  2.

There are two ways to test vis-
coelastic properties in a lab envi-
ronment.

1. Forced vibration testing. The 
sample is put through a sinusoi-
dal force vibration under a speci-
fied amplitude, temperature, and 
frequency. The stress (force) and 
strain (displacement) response of 
the rubber is then measured.

2. Free vibration testing. A 
weighted object is rebounded off 
the rubber sample. This testing 
also can be done by measuring 
the decay response the rubber 
sample has after it is deformed.

DMA falls under forced vibra-
tion testing, whereas different 
kinds of rebound testing fall un-
der free vibration testing. The 
DMA predicts a lot of different 
properties ranging from G” to J”, 
and can be confusing to under-
stand because most information 
is given in terms of tire technolo-
gy. However, next we will go over 
all the different viscoelastic defi-
nitions and describe their mean-
ing in non-tire applications.  

Viscoelastic definitions
The type of stress deformation 

applied to the sample will dictate 
its alphanumeric character. 
Samples deformed in shear have 
an alphanumeric character of G; 
whereas samples deformed by 
compression or tension have an 
alphanumeric character of E.  

G’ and E’ represent the elastic 
and or storage modulus, so we 
are back to Hooke’s theory of 
elasticity (the ability of an object 
to return to its normal shape af-
ter experiencing some form of 
distortion). “An example is a 
rubber band that is stretched for 
a certain time and when released 
goes back to its original shape.”8

This is looking at stored energy. 
“G’ or E’ is the resultant stress in 
phase with the applied strain in 
a sinusoidal deformation, divided 
by the strain.”2   

G” and E” represent the vis-
cous or loss modulus, so we are 
now back to Newton’s law of vis-
cosity (once the stress is removed 
on the part there is no recovery). 
“If you chew gum then stretch it, 
let it go, it will not go back to its 
original shape because molecules 
have slipped past each other.”8 G” 
and E” represent damping prop-
erties or dissipated energy. G” or 
E” is the resultant stress compo-
nent 90º out of phase with the 
applied strain in a sinusoidal de-
formation, divided by the strain.  

Tan delta also is referred to as 
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Fig.1: Viscous modulus, elastic modulus and tan delta.

Fig. 3: Mullins effect and Payne effect.
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Fig. 2: DMA deformation types.
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ter experiencing some form of 
distortion). “An example is a 
rubber band that is stretched for 
a certain time and when released 
goes back to its original shape.”8 
This is looking at stored energy. 
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a sinusoidal deformation, divided 
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G” and E” represent the vis-
cous or loss modulus, so we are 
now back to Newton’s law of vis-
cosity (once the stress is removed 
on the part there is no recovery). 
“If you chew gum then stretch it, 
let it go, it will not go back to its 
original shape because molecules 
have slipped past each other.”8 G” 
and E” represent damping prop-
erties or dissipated energy. G” or 
E” is the resultant stress compo-
nent 90º out of phase with the 
applied strain in a sinusoidal de-
formation, divided by the strain.  

Tan delta also is referred to as 

the loss tangent. Tan delta is a 
measure of the ratio of the energy 
lost to the energy stored during 
sinusoidal deformation. The tan 
delta quantifies the way in which 
a material absorbs and disperses 
energy. A rubber superball that 
bounces extremely high “is ‘elas-
tic’—its kinetic energy on hitting 
a hard surface is largely stored 
as deformation energy, which is 
afterward available for bounc-
ing.”6 Whereas, when a softball is 
bounced, “the deformation ener-
gy of the softball is transformed 
mainly into heat. This energy is 
no longer available for bouncing 
so the softball bounces to a much 
lower height.”6   

“G* and E* represent the com-
plex modulus. The complex mod-
ulus is the resultant stress that 
is out of phase with the applied 
strain by the angle, divided by 
the strain.”2 “Complex modulus 
is the sum of the elastic and vis-
cous response, so it looks at how 
much energy was stored and how 

much energy was used. Complex 
modulus helps describe a sam-
ple’s resistance to deformation.”7 

Loss compliance is represented 
by J” in shear and D” in compres-
sion. “The loss compliance is the 
ratio of the resultant strain com-
ponent 90º out of phase with the 
applied stress in a sinusoidal de-
formation, divided by the stress.”2   
Loss compliance can be described 
as the ratio between sample 
strain and sample stress and is 
attributable to viscous flow, 
rather than elastic deformation.

Time temperature  
supposition theory   

“The Williams-Landel-Ferry 
model (WLF) says that under 
certain conditions time and tem-
perature can be mathematically 
interchanged.”5 This theory is 
important  because laboratory 
measurements for rubber arti-
cles that see very high frequen-
cies may not be able to be done by 
the dynamic instruments so the 

temperature is reduced, which is 
equivalent to high frequencies. 
Generally, a 5ºC to 10ºC change 
in temperature is equivalent to a 
one-decade change in frequency. 
This means that data collected 
as frequency scans at a range of 
temperatures can be used to 
predict behavior at frequencies 
that are not directly measurable.  

This is important because rub-
ber parts may experience many 
frequencies in the field. Wind-
shield wiper blades and engine 
mounts fall in this category. A 
wiper blade will be run at multi-
ple speeds and experience a range 
of temperatures within its lifecy-
cle. It will remove rain, ice, dirt, 
and other debris from a wind-
shield during its lifecycle. An en-
gine mount will experience ex-
treme changes in temperatures 
and periods of intense vibration 
interspersed with periods of rest.

“It is often advisable to not just 
look at modulus-frequency at one 
temperature, but to scan many 
frequencies as you heat a materi-
al. For example, in some poly-
mers a shift from 1 to 100 hertz 
will move a Tg by 14 degrees, 
which could cause a material to 

fail if the high frequency is not 
considered in its design.”5

Mullins effect  
The Mullins effect refers to a 

theory that fillers re-agglomerate 
in the vulcanized rubber com-
pound due to Van der Waals forces 
and contribute to the compound 
modulus. When the rubber part is 
strained, the weak forces holding 
the agglomerates together break 
and may not have time to reform, 
softening the compound. This 
softening is known as the Mullins 
effect and is important because 
viscoelastic properties change be-
tween the first, second and subse-
quent strains. This means that a 
wiper blade will not have the 
same modulus profile from the 
first wipe across the windshield 
as the second wipe or even the 
hundredth wipe.

The Mullins effect can be 
measured with strain sweeps 
and is calculated as the differ-
ence between E’ at the start of 
the first strain sweep and the E’ 
at the start of the second strain 
sweep. An example of the Mull-
ins effect can be seen in Fig. 3.

Technical

Fig. 3: Mullins effect and Payne effect.
Fig. 5: Elastic modulus, 23°C.

Fig. 4: Elastic modulus, -30°C.

Table 1: Wiper blade formulations.

Table 2: Physical properties.

Table 3: Bashore resilience properties.

Table 4: Tension set data.

Fig. 6: Temperature sweep, tan delta.

See Non-tire, page 16

Hershberger

Pavka

Knipp

Fig. 8: Tan delta, strain.

Fig. 7: Shear loss modulus, G”.
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Payne effect
The Payne effect is like the 

Mullins effect in that it is depen-
dent on the filler system; howev-
er, it is more dependent on filler 
dispersion. The Payne effect is 
the phenomenon of the dynamic 
modulus being dependent on 
strain. “In filled rubber (particu-
larly carbon black and silica) the 
dynamic modulus is high at low 
strains (<1%) but decreases at 
higher strain (>10%). The Payne 
effect is attributed to the fill-
er-filler interaction, the breaking 
and recovery of weak physical 
bonds linking adjacent filler par-
ticles. For carbon black these in-
teractions are weak Van der 
Waals forces. For silica, these in-

teractions are much stronger hy-
drogen bonds.”2

Better filler dispersion gives 
lower Payne effect because filler 
particles are finer and more 
evenly distributed throughout 
the polymer with less chance to 
re-agglomerate. The net result of 
the Payne effect is higher hyster-
esis in the rubber compound. The 
Payne effect is calculated as the 
drop in E’ from the start of the 
first strain sweep to the end of 
the first strain sweep. An exam-
ple of the Payne effect can be 
seen in Fig. 3.

Now we will evaluate how DMA 
testing can give more insight into 
physical properties of wiper 
blades and engine mounts than 
general physical property testing.

Study 1: Wiper blades
Wiper blades are a highly engi-

neered dynamic rubber applica-

tion. They must perform outside 
in both arctic and desert condi-
tions. They must be able to move 
rain, snow, ice, mud and other 
debris from a windshield at vari-
ous speeds. Wiper blades work by 
acting as a squeegee to push the 
water off the windshield. The 
edge of the blade leads and must 
have the capacity to flip before 
the beginning of the next pass 
over the windshield.

Three different formulations 
were compared for different prop-
erties, including ASTM D 412 
tensile properties, ASTM D 412 
tension set properties, ASTM D 
2632 Bashore resilience, and 
ASTM D 5992 temperature sweep 
in dual lap shear, strain sweep in 
dual lap shear, and frequency 
sweep in dual lap shear. All DMA 
data was generated on a Metravib 
DMA + 2000. The formulas mixed 
can be found in Table 1.

Batch A is 100 percent natural 
rubber,  Batch B is a 50/50 blend of 
NR and BR, Batch C is the same 
as B except the N650 was replaced 
with N326. Each batch was tested 
for physical properties and the 
data can be found in Table 2.

Batch A, as expected, had the 
highest tensile properties be-
cause of its 100 percent natural 
rubber content. All batches had 
similar durometer properties 
and would fall within the same 
hardness specification. All batch-
es had similar 50 percent modu-
lus and Batch B had the highest 
100 percent modulus, while 
Batch C had the lowest 100 per-
cent modulus. Each batch was 
tested for elastic modulus (E’) 

over a range of frequencies at 
-30°C and 23°C to mimic various 
motor speeds. The data can be 
found in Figs. 4 and 5.

As the frequency increased at 
low temperature, all the elastic 
moduli went up. Batch A, with 
NR, had the highest increase in 
modulus because the BR in 
batches B and C has a lower glass 
transition temperature than the 
NR, so they will be more elas-
tic at lower temperatures and 
less stiff.

At room temperature, higher 
frequencies had less impact on 
the rubber compounds. At 23°C, 
Batch A, with NR, had the lowest 
elastic modulus properties and 
Batch C had the highest elastic 
modulus. The DMA data collect-
ed at different temperatures is 
much more telling than conven-
tional modulus done on a tensi-
ometer. Each batch was tested 
for resilience properties and the 
data can be found in Table 3.

As expected, both batches B and 
C had higher resilience properties 
than Batch A because of the addi-
tion of BR polymer. A temperature 
sweep was performed on each 
batch and evaluated for tan delta 
properties to determine hystere-
sis. Lower tan delta equates to 
lower hysteresis. ysteresis in wiper 
blade compounds is fundamental 
to their ability to flip and lead 
with the edge on every pass over 
the windshield. The data can be 
found in Fig. 6.

Batch A had the largest change 
in hysteresis as the temperature 
changed. Batches B and C, with 
a 50/50 blend of NR/BR, are 

much more consistent over dif-
ferent temperatures. In fact, 
Batch C with N326 stayed con-
sistent regardless of temperature 
change, whereas Batch B with 
N650 saw a reduction in tan del-
ta, meaning lower hysteresis.  

Tension set properties are ex-
tremely important to wiper blade 
properties and help determine 
hysteresis. Tension set is per-
formed using tensile dumbbells 
that are clamped in a jig and 
stretched 100 percent at a de-
fined temperature and time. 
When the samples are un-
clamped, they are allowed to re-
cover for 10 minutes and then 
are measured for percent set. 
The data for all three batches 
can be found in Table 4.

Batch B has the best tension 
set after 24 hours at room tem-
perature. Batch C with N326 
carbon black has worse tension 
set then Batch B with N650 car-
bon black. At 70°C, both batches 
A and B have similar tension set 
properties. A strain sweep was 
performed to evaluate each com-
pound’s reaction to changes in 
strain for shear loss modulus G” 
and tan delta. The data can be 
found in Figs. 7 and 8.

By the graph, it appears that 
carbon black type has the largest 
impact on shear loss modulus. 
The N326 in Batch C increases 
the shear loss modulus, reducing 
the amount of energy stored it 
can use to return to its original 
shape. At lower strains, polymer 
does play a role; however, at 
higher strains the polymers react 
the same.

Tan delta also shows that car-
bon black type has the largest 
impact on strain. Batch B has 
the lowest tan delta meaning the 
best rebound and hysteresis of 
all the batches.  

Earlier in this paper we dis-
cussed the Mullins effect. The 
Mullins effect refers to the break-
down of re-agglomerated filler 
particles from Van der Waal’s 
forces that cause softening in a 
compound between the first and 
second strain. The Mullins effect 
for these compounds can be found 
in Fig. 9.

Batch A has the least amount 
of Mullins effect because there is 
only one polymer in the polymer 
filler matrix; whereas Batches B 
and C have both NR and BR poly-
mers that are different chemistry 
and viscosities competing against 
each other during filler incorpo-
ration.

We also discussed the Payne 
effect, which is dependent on 
filler-filler interaction and re-
lates to filler dispersion. The 
data for the Payne effect can be 
found in Fig. 10.

Based on the theory of the Payne 
effect, Batch A has the best filler 
dispersion. Batches B and C have 
worse dispersion properties be-
cause two polymers of differing 
chemistry and viscosity were used 
and phasing has occurred within 
the rubber matrix.

This study shows that Batch B 
is the best candidate to improve 
hysteresis in a wiper blade com-
pound. Although B performed well 
in rebound and tension set, testing 
the data did not conclusively say 
that one batch would perform bet-
ter than another in all possible 
wiper blade conditions.

Technical

Fig. 9: Mullins effect.

Fig. 10: Payne effect.

Fig. 11: Compression set properties.

Fig. 12: Compression stress relaxation.

Fig. 13: Storage modulus-frequency sweep.

Fig. 14: Loss modulus-frequency sweep.

Table 5: Engine mount formulations.

DMA was able to conclusively 
show that the blend of 50/50 NR/
BR improved elastic modulus 
and tan delta at different tem-
peratures and proved that carbon 
black type can impact loss modu-
lus and tan delta as well. DMA 
also showed that using a polymer 
blend may impact polymer filler 
interaction, so a homogenizing 
agent may need to be added.

Study 2: Engine mounts
Engine mounts consist of two 

metal plates that are held togeth-
er by a large piece of cured EPDM 
compound designed to isolate 
noise and vibrations coming from 
the engine. This EPDM compound 
must be able to withstand high 
temperatures and vibrations for 
extended periods of time, inter-
spersed with periods of rest. En-
gine mounts work as a passive 
vibration isolation system. “Pas-
sive vibration isolation systems 
work by isolating an object from 
the source of the vibration.”9

A passive isolation system in 
general contains mass, spring and 
damping elements, and moves as a 
harmonic oscillator. Damping 
causes energy dissipation and has 
a secondary effect on natural fre-
quency. The most important prop-
erty for an engine mount is vibra-
tion resistance, followed by 
compression set resistance to en-
sure vibration properties do not 
change over time. Three com-
pounds were evaluated for com-
pound suitability and the formula-
tions can be found in Table 5.

Batch A is peroxide-cured and 

Non-tire
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NOVI, Mich.—Automotive suppliers 
will need a product portfolio that can meet 
the needs of the electric vehicle market, 
expected to become “increasingly plastic” 
as the market develops and grows.

Cooper Standard Automotive Inc. ex-
pects the EV market will grow from 
roughly 13 percent today to 64 percent 
electric by 2031, including hybrid vehicles, 
according to its market research.

New EVs will have to maintain a low 
component and fluid mass to meet vehicle 
driving range goals while meeting ther-
mal management functions. Plastics can 
help to reduce weight and add flexibility 
to fluid systems’ routing and tube shape, 
Chris Couch, senior vice president and 
chief technology officer at Cooper Stan-
dard, told Plastics News.

“Fluid handling systems on gasoline 
vehicles tend to be rubber,” Couch said, in 
part because of temperature and pressure 
requirements.

As the market grows, he said he expects 
“EVB thermal management fluid han-
dling systems really transitioning to a 
plastic portfolio.”

Not only are plastics lighter weight, 
adding to vehicle efficiency and range, but 
they also help Cooper Standard optimize 
architectures and designs for its OEM 
customers.

By Sarah Kominek
Plastics News

EV market growth spurs Cooper 
Standard portfolio shift
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much more consistent over dif-
ferent temperatures. In fact, 
Batch C with N326 stayed con-
sistent regardless of temperature 
change, whereas Batch B with 
N650 saw a reduction in tan del-
ta, meaning lower hysteresis.  

Tension set properties are ex-
tremely important to wiper blade 
properties and help determine 
hysteresis. Tension set is per-
formed using tensile dumbbells 
that are clamped in a jig and 
stretched 100 percent at a de-
fined temperature and time. 
When the samples are un-
clamped, they are allowed to re-
cover for 10 minutes and then 
are measured for percent set. 
The data for all three batches 
can be found in Table 4.

Batch B has the best tension 
set after 24 hours at room tem-
perature. Batch C with N326 
carbon black has worse tension 
set then Batch B with N650 car-
bon black. At 70°C, both batches 
A and B have similar tension set 
properties. A strain sweep was 
performed to evaluate each com-
pound’s reaction to changes in 
strain for shear loss modulus G” 
and tan delta. The data can be 
found in Figs. 7 and 8.

By the graph, it appears that 
carbon black type has the largest 
impact on shear loss modulus. 
The N326 in Batch C increases 
the shear loss modulus, reducing 
the amount of energy stored it 
can use to return to its original 
shape. At lower strains, polymer 
does play a role; however, at 
higher strains the polymers react 
the same.

Tan delta also shows that car-
bon black type has the largest 
impact on strain. Batch B has 
the lowest tan delta meaning the 
best rebound and hysteresis of 
all the batches.  

Earlier in this paper we dis-
cussed the Mullins effect. The 
Mullins effect refers to the break-
down of re-agglomerated filler 
particles from Van der Waal’s 
forces that cause softening in a 
compound between the first and 
second strain. The Mullins effect 
for these compounds can be found 
in Fig. 9.

Batch A has the least amount 
of Mullins effect because there is 
only one polymer in the polymer 
filler matrix; whereas Batches B 
and C have both NR and BR poly-
mers that are different chemistry 
and viscosities competing against 
each other during filler incorpo-
ration.

We also discussed the Payne 
effect, which is dependent on 
filler-filler interaction and re-
lates to filler dispersion. The 
data for the Payne effect can be 
found in Fig. 10.

Based on the theory of the Payne 
effect, Batch A has the best filler 
dispersion. Batches B and C have 
worse dispersion properties be-
cause two polymers of differing 
chemistry and viscosity were used 
and phasing has occurred within 
the rubber matrix.

This study shows that Batch B 
is the best candidate to improve 
hysteresis in a wiper blade com-
pound. Although B performed well 
in rebound and tension set, testing 
the data did not conclusively say 
that one batch would perform bet-
ter than another in all possible 
wiper blade conditions.

DMA was able to conclusively 
show that the blend of 50/50 NR/
BR improved elastic modulus 
and tan delta at different tem-
peratures and proved that carbon 
black type can impact loss modu-
lus and tan delta as well. DMA 
also showed that using a polymer 
blend may impact polymer filler 
interaction, so a homogenizing 
agent may need to be added.

Study 2: Engine mounts
Engine mounts consist of two 

metal plates that are held togeth-
er by a large piece of cured EPDM 
compound designed to isolate 
noise and vibrations coming from 
the engine. This EPDM compound 
must be able to withstand high 
temperatures and vibrations for 
extended periods of time, inter-
spersed with periods of rest. En-
gine mounts work as a passive 
vibration isolation system. “Pas-
sive vibration isolation systems 
work by isolating an object from 
the source of the vibration.”9

A passive isolation system in 
general contains mass, spring and 
damping elements, and moves as a 
harmonic oscillator. Damping 
causes energy dissipation and has 
a secondary effect on natural fre-
quency. The most important prop-
erty for an engine mount is vibra-
tion resistance, followed by 
compression set resistance to en-
sure vibration properties do not 
change over time. Three com-
pounds were evaluated for com-
pound suitability and the formula-
tions can be found in Table 5.

Batch A is peroxide-cured and 

uses an oil extended polymer. 
Batch B is sulfur-cured and uses 
an oil extended polymer. Batch C 
is sulfur-cured and uses some oil 
extended polymer and loose oil.   

The object of this study is to 
determine if crosslink type or 
molecular weight of the polymer 
impact vibration dampening. 
Each batch was 1-pass mixed in a 
1.6-liter BR Banbury and sheeted 
out and cooled on a two-roll mill. 
Compression set, and compres-
sion relaxation are related to the 
fluid characteristics of a polymer. 
This viscous or fluid characteris-
tic of a compound also are going to 
govern damping properties as 
well. Therefore, each batch was 
tested for ASTM D 395 Method B 
compression set, ASTM D 6147 
Method B compression stress re-
laxation, and ASTM D 5992 fre-
quency sweep in compression. All 
DMA data was generated on a 
Metravib DMA + 2000.

Compression set was performed 
for 22 hours at 100°C and the re-
sults can be found in Fig. 11. As 
expected, EA with the peroxide 
cure system had the best com-
pression set resistance. EB with 
all oil extended polymer had bet-
ter compression set resistance 
than EC with some loose oil.

Compression stress relaxation 
was performed for 168 hours at 
23°C and the data can be found 
in Fig. 12. After 30 minutes, all 
batches still have 100 percent 
sealing capability. After that it 
starts to drop. After 24 hours, 
the sulfur cure systems actually 
outperform the peroxide cure. 
After 48 hours, all batches have 
equal sealing capacity. After 72 
hours, the sulfur systems start 
to drop off and the peroxide stays 
constant at around 87 percent 

sealing capability.                   
Each batch was tested for fre-

quency strain in compression and 
the data can be found in Figs. 13 
and 14.

As the frequency increases, 
the storage modulus goes down 
for all three compounds making 
the batches less elastic.

As the frequency increases, 
the loss modulus on batches EA 
and EB stays stable, showing 
crosslink type does not affect loss 
modulus. Batch EC, with the 
loose oil, trends up, indicating 
this compound is more viscous at 
higher frequencies, giving it bet-
ter damping properties.

After review of compression set 
and compression stress relaxation, 
Batch EA looked like it would per-
form the best; however, when 
evaluated further with a DMA 
frequency sweep, it was found that 
it would not help reduce vibration, 
which is the primary objective of 
an engine mount.

Conclusions
DMA is a testing technique 

that is a helpful tool in character-
izing dynamic viscoelastic prop-
erties in all rubber compounds, 
not just tire applications. Visco-
elastic behavior is dependent on 
the polymer and plasticizer used 
and can change greatly when ex-
posed to different temperatures.

In the wiper blade study, DMA 
was able to conclusively show that a 
blend of 50/50 NR/BR improved 
elastic modulus and tan delta at 
different temperatures, and proved 
that carbon black type can impact 
loss modulus and tan delta as well. 
DMA also showed that using a 
polymer blend may impact polymer 
filler interaction, so a homogeniz-
ing agent may need to be added.

Non-tire
Continued from page 16

See Non-tire, page 17

In the engine mount study, it 
was determined that cure type 
had no impact on damping prop-
erties; however, molecular weight 
does impact the loss modulus.
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NOVI, Mich.—Automotive suppliers will 
need a product portfolio that can meet the 
needs of the electric vehicle market, ex-
pected to become “increasingly plastic” as 
the market develops and grows.

Cooper Standard Automotive Inc. ex-
pects the EV market will grow from 
roughly 13 percent today to 64 percent 
electric by 2031, including hybrid vehicles, 
according to its market research.

New EVs will have to maintain a low 
component and fluid mass to meet vehicle 
driving range goals while meeting ther-
mal management functions. Plastics can 
help to reduce weight and add flexibility 
to fluid systems’ routing and tube shape, 
Chris Couch, senior vice president and 
chief technology officer at Cooper Stan-
dard, told Plastics News.

“Fluid handling systems on gasoline 
vehicles tend to be rubber,” Couch said, in 
part because of temperature and pressure 
requirements.

As the market grows, he said he expects 
“EVB thermal management fluid han-
dling systems really transitioning to a 
plastic portfolio.”

Not only are plastics lighter weight, 
adding to vehicle efficiency and range, but 
they also help Cooper Standard optimize 
architectures and designs for its OEM 
customers.

“As fluids move around the vehicle, every 
twist and turn adds resistance,” Couch said. 
“The more we can open up those systems for 
efficient flow, the more effective they can do 
their job, which cools the power components 
better, which means more range.

“Rubber tubes would typically contain 
multiple layers, including things like rein-
forcement yarns,” he said. “They’re thicker 
and heavier as an end product per meter.

“Plastic tubing is easier to route in use-
ful ways through the body architecture.” 
Couch said. “Plastic is often much easier 
to bend and shape to make not just round 
tubing but different types of cross sec-
tions, oval shapes and flat shapes that fit 
through narrow openings. It’s easier to 
convolute it and give in that accordion ap-
pearance where you can bend it easily.”

Plastic materials also allow tubes and 
connectors to incorporate communication 
signals like temperature, pressure and 
controlling fluid flow, he said.

“In a gasoline car, connecting hoses to a 
radiator to an engine is relatively simple,” 
Couch said. “These EV cooling systems 
are more complex, there are more subsys-
tems, they’re bigger in the vehicle.”

In an EV, heat is “dumped out of the 
system at the front, at the radiator,” he 
said. With the battery in the middle of the 
car and a motor in the back, “there’s a lot 
more distance of fluid flow on an EV com-
pared to a gas engine. In terms of meters 

of tubing, there’s more that has to wind its 
way through nooks and crannies in the 
body architecture.”

Materials and sustainability
The materials market will have to sup-

port a transition “from what were tradition-
ally rubber-based systems on gasoline cars 
to plastic-based fluid systems,” Couch said.

Suppliers will need “the right kind of 
plastic materials,” which must meet sus-
tainability standards becoming increas-
ingly important in the automotive industry, 
“from the barrel of oil to what comes into 
our door and even as it goes out,” he said.

“When our customer thinks about sus-
tainability, it’s comprehensive,” Couch 
said. “It’s not just about what the factory 
process looks like inside Cooper Stan-
dard’s four walls. We also have to continue 
the carbon footprint of the materials we’re 
buying, and I think the market will have 
to comprehend that.”

For Cooper Standard, making its prod-
ucts more efficiently and in an environ-
mentally friendly way starts in the design 

stage.
The supplier has made “significant in-

vestments” into more energy-efficient 
processes with computer-aided engineer-
ing, Couch said, to reduce the number of 
prototypes, or eliminate them in some 
cases, by simulating the efficiency impact 
of designs more accurately, before it starts 
producing parts.

As the EV market grows, the company 
also expects to adjust its fluids handling 
business, which includes fuel systems that 
“go away on EVs,” he said.

“The good news is EVs have so much 
other content in terms of fluids that it 
more than makes up for it, so we fully 
embrace (it),” Couch said. “We’re excited 
about it. It gives Cooper Standard addi-
tional content per vehicle and financially 
(it) is a good story for us.”

Cooper Standard recently introduced 
some specially designed tubing and con-
nectors for EVs, including its PlastiCool 
2000 multilayer tubing and its Ergo-Lock 
connector with a single-push-to-lock design 
and scannable latch verification options.

By Sarah Kominek
Plastics News

EV market growth spurs Cooper 
Standard portfolio shift

Plastic tubing often is easier to bend around objects.
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