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How does DMA determine a complex modulus? From the measurements
of the force,displacement and phase angle,DMA determines each
component of the complex modulus. This estimate also depends on the
sample's geometry,operational mode and boundary conditions.

What is the difference between storage modulus and dynamic loss
modulus? The storage modulus is often times associated with
?7?7?stiffness??? of a material and is related to the Young???s modulus, E.
The dynamic loss modulus is often associated with ???internal friction???
and is sensitive to different kinds of molecular motions, relaxation
processes, transitions, morphology and other structural heterogeneities.

Do DMA machines have different modulus? However,DMA machines
presented a great variation of complex modulusfrom each operational
mode and even in the same operational mode performed on different
machines. The influence of sample's geometry was also tested by using
two different sets of samples on the same machine.

How does DMA determine a material's properties? Based on these
measurements,DMA can determine the material's properties,like modulus
and viscosity[1,19 ]. The material's modulus E *( ??) is reported over the
test as a complex quantity that enables one to better analyze the
material's behavior.

Why is dynamic loss modulus important? The dynamic loss modulus is
often associated with ???internal friction??? and is sensitive to different
kinds of molecular motions,relaxation processes,transitions,morphology
and other structural heterogeneities. Thus,the dynamic properties provide
information at the molecular level to understanding the polymer
mechanical behavior.
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Is Young's modulus the same as DMA? It is worthwhile mentioning that
the complex modulus measured in DMA is not the sameas the Young's
modulus of the classic Hooke's law from the theory of elasticity. When
testing an elastic material under a uniaxial state of stresses,Young's
modulus is estimated by the computation of the slope of a stress-strain
curve in the linear region.

P2P??7??7?? 2?7?14 2,27 2?7?7707 22?27?7°77°7°7° ?27?7°77°,?2?7777

??,?? 1/4 1. Storage Modulus and Loss Modulus.

Elastomer Sample in Bending on DMA Q800 I TTTITTTTITIIpppppppP
pppppPPPP&0.10.20.3[]Tan Delta1l 10 100 1000 10000 p[] Loss
Modulus (MPa) 1 10 100 1000 10000 I [ ] Storage Modulus (MPa)-100 -75
-50 -25 0 25 50 75 100 125 7HPSHUDWXUH & Sample: Black Rubber
Size: 17.5000 x 12.9700 x 1.0700 mm Method: Temperature
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Comparing frequency and strain-rate domain results. The storage
modulus master curve obtained fitting experimental E???(f) data from
DMA was integrated numerically according to Eq. 11 (Methods) to

Dynamic Mechanical Analysis is a powerful technique for studying the
mechanical properties of materials as a function of various variables.
Storage Modulus (E" or G"): This represents the material's elastic
behavior. It quantifies how much energy the material can store and
release during each cycle of deformation.

Epoxy carbon-fibre prepreg, Hexcel Type 6376 HTS, was investigated
using Dynamic Mechanical Analysis (DMA). The DMA characteristic
parameters are storage modulus E???, loss modulus E??? and loss factor
tan??. These parameters are ideally suited to observe the vitrification,
referred to as glass transition, resulting from the cross-linking reaction.

Dynamic Mechanical Analysis (DMA) is one of the most sensitive
techniques available for character-izing and interpreting the mechanical
behavior of materials. The concept of DMA is based on observ-ing the
viscoelastic response of materials subjected to a small oscillatory strain.
Shear storage modulus (GPa):

Dynamic mechanical analysis (DMA) is a testing method that measures
the modulus and damping properties of materials as they are deformed
under periodic stress. It is a sensitive technique ???
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Dynamic mechanical analysis (DMA), also known as forced oscillatory
measurements and dynamic rheology, is a basic tool used to measure the
viscoelastic properties of materials (particularly polymers). Storage
modulus; measures stored ???

In dynamic mechanical analysis, we look at the stress (??), which is the
force per cross sectional unit area, needed to cause an extension in the
sample, or the strain (?u). E = ?? / ?u. Alternatively, in a shear
experiment: G = ?? / ?u . Dynamic mechanical analysis differs from simple
tensile testing by performing the experiment cyclically.

If that is the case, then | have seen materials with a Young's modulus of
120 MPa, but a Storage modulus of 900 MPa. This would make the ball
relatively stretchy, but somewhat rigid since it has a

The slope of the loading curve, analogous to Young's modulus in a tensile
testing experiment, is called the storage modulus, E". The storage
modulus is a measure of how much energy must be put into the sample in
order to distort it. The difference between the loading and unloading
curves is called the loss modulus, E". It measures energy lost

temperature using rheological methods and DMA: the onset of E"/G";
taking the peak value of E"/G", and the peak value of tan(??). The detailed
analysis methods are discussed below. GLASS TRANSITION FROM THE
STORAGE MODULUS The glass transition from the storage modulus
onset is typically the lowest T g measured by DMA and rheological
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Figure 3. Storage and complex modulus of polystyrene (250 ?C, 1 Hz) and

e the critical strain (?? c ). The critical strain (44%) is the end of the LVR
- B m iy where the storage modulus begins to decrease with increasing strain. The
“ Tlm storage modulus is more sensitive to the effect of high strain and

decreases more dramatically than the complex modulus.

4 7 gw The dynamic mechanical analysis method determines [12] elastic modulus
- a 0 (or storage modulus, G"), viscous modulus (or loss modulus, G???), and
ﬁﬂ ; “i” | o damping coefficient (tan ??) as a function of temperature, frequency or

= 2 w = time. Results are usually in the form of a graphical plot of G", G", and tan
E= | E= | ?7? as a function of temperature or strain.

sample. The storage modulus remains greater than loss modulus at
temperatures above the normal molten temperature of the polymer without
crosslinking. For a crosslinked polymer, the storage modulus value in the

rubbery plateau region is correlated with the number of crosslinks in the
polymer chain. Figure 3.

2?77 ?2,2?2?2?27?7?????(Dynamic Mechanical Analysis, DMA) ???

272727272(force)??? 2,?2? 22272??. (deformation)??? ?,2? 2222227
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Dynamic Mechanical Analysis of High Temperature Polymers 1. Abstract
This paper investigates the material properties of several high temperature
polymers (PBI, PI, PEEK, PAI, PEI and their blends) over a broad
temperature range using Dynamic Mechanical Analysis (DMA). The
materials are compared through their storage modulus
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If storage modulus is greater than the loss modulus, then the material can
be regarded as mainly elastic. Conversely, if loss modulus is greater than
storage modulus, then the material is predominantly viscous (it will
dissipate more energy than it can store, like a flowing liquid). Since any
polymeric material will exhibit both storage and

INTRODUCTION. Dynamic mechanical analysis (DMA) has become an
important materials characterization tool which can unveil the complex
elastic modulus of solids and thus becomes an inseparable component of
any materials science laboratory to correlate the structure and property of
solids [1, 2].Elastic modulus or modulus of elasticity is a measure of ??7?

DMA measures the mechanical properties of materials by applying an
oscillating force to a sample and measuring its response. The technique
allows for the determination of the material's stiffness and damping
properties, which are expressed as the storage modulus (elastic
response) and loss modulus (viscous response), respectively.

The Young's Modulus or tensile modulus (also known as elastic modulus,
E-Modulus for short) is measured using an axial force, and the shear
modulus (G-Modulus) is measured in torsion ???

Storage modulus E" ??? MPa Measure for the stored energy during the
load phase Loss modulus E™ ??? MPa They were deduced via dynamic
mechanical analysis of different materials and material classes at a
temperature of 30 ?C. Figure 6: The loss factor tan?? and the according
Young's modulus of various materials, deduced via DMA at a
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Viscoelastic parameters obtained from DMA tests The Elastic (Storage)
Modulus: Measure of elasticity of material. The ability of the material to
store energy. The Viscous (loss) Modulus: The ability of the material to
dissipate energy. Energy lost as heat. Complex Modulus: Measure of
materials overall resistance to deformation. Tan Delta:

i It is well known that the mechanical properties of polymers are highly
i — dependent on the temperature and strain rate, or frequency. Dynamic
' § p— Mechanical Analysis (DMA) is a valuable tool for evaluating frequency-
T o
i | and temperature dependence of the complex modulus [9, 10].Essential
~ - features that can be measured include storage modulus, loss modulus,

tan delta, ???

Tan delta is just the ratio of the loss modulus to the storage modulus. It
peaks at the glass transition temperature. The term "tan delta" refers to a
mathematical treatment of storage modulus; it's what happens in-phase
with (or at the same time as) the application of stress, whereas loss
modulus happens out-of-phase with the application of

(C) 2025 PV Storage Systems 717 Web: https://twojaelektryka.com.pl



