
How to plot the storage modulus

The storage modulus measures the resistance to deformation in an elastic solid. It''s related to the

proportionality constant between stress and strain in Hooke''s Law, which states that extension increases with

force. ... When you do that, and you plot the resulting modulus against frequency, you can get additional

information about the sample ...

Complex modulus (M*): modulus of elasticity, Young''s modulus (E*) or shear modulus (G*) Storage

modulus, M?, proportional to the energy stored elastically and reversibly; Loss modulus, M", proportional to

the energy transformed into heat and irreversibly lost; Loss factor, tan d. With completely elastic materials no

phase shift, d ...

Viscoelasticity is the property of a material that exhibits some combination of both elastic or spring-like and

viscous or flow-like behavior.. Dynamic mechanical analysis is carried out by applying a sinusoidally varying

force to a test specimen and measuring the resulting strain response. By analyzing the material response over

one cycle, its elastic-spring-like storage ...

where G s  (o) is the storage modulus, G l  (o) is the loss modulus, o is the angular frequency, and N is the

number of terms in the Prony series. The expressions for the bulk moduli, K s  (o) and K l  (o), are written

analogously.

The area up to the yield point is termed the modulus of resilience, and the total area up to fracture is termed

the modulus of toughness; these are shown in Figure 13. The term "modulus" is used because the units of

strain energy per unit volume are (N-m/m^3) or (N/m^2), which are the same as stress or modulus of

elasticity.

The Cole-Cole plot, which is very widespread in the field of dielectric materials [33], [34], has not often been

used in rheology science.The Cole-Cole plot for rheology consists in following the evolution of the shear loss

modulus (G?) with the shear storage modulus (G?) of a material, both on a linear scale (Fig. 1).This type of

representation was used to check if a ...

The physical meaning of the storage modulus, G '' and the loss modulus, G? is visualized in Figures 3 and 4.

The specimen deforms reversibly and rebounces so that a significant of energy is recovered ( G? ), while the

other fraction is dissipated as heat ( G ?) and cannot be used for reversible work, as shown in Figure 4 .

The contributions are not just straight addition, but vector contributions, the angle between the complex

modulus and the storage modulus is known as the ''phase angle''. If it''s close to zero it means that most of the

overall complex modulus is due to an elastic contribution.
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If one can generate a modulus scan over a wide enough frequency range (Fig. 18), the plot of storage modulus

versus frequency appears like the reverse of a temperature scan. The same time-temperature equivalence

discussed above also applies to modulus, as well as compliance, tan delta, and other properties.

Storage modulus E'' - MPa Measure for the stored energy during the load phase Loss modulus E'''' - MPa

Measure for the (irreversibly) dissipated energy during the load phase due to internal friction. Loss factor tand

- dimension less Ratio of E'''' and E''; value is a measure for the material''s damping behavior:

A plot of viscosity versus shear rate for different types of materials is shown in Figure 2. Figure 2: Viscosity

versus shear rate for different types of material ... non-linear and the storage modulus declines. So, measuring

the strain amplitude dependence of the storage and loss moduli (G'', G") is a good first step taken in

characterizing ...

where is the time-dependent shear relaxation modulus, and are the real and imaginary parts of, and is the

long-term shear modulus. See "Frequency domain viscoelasticity," Section 4.8.3 of the ABAQUS Theory

Manual, for details.. The above equation states that the material responds to steady-state harmonic strain with

a stress of magnitude that is in phase with the strain and a ...

The elastic modulus for tensile stress is called Young''s modulus; that for the bulk stress is called the bulk

modulus; and that for shear stress is called the shear modulus. Note that the relation between stress and strain

is an observed relation, measured in the laboratory. Elastic moduli for various materials are measured under

various ...

Complex Modulus: Measure of materials overall resistance to deformation. 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. Tan Delta: Measure of material damping.

viewed in a double logarithmic plot of the storage modulus (G'') as function of oscillation stress. The yield

stress is the critical stress at which irreversible plastic deformation occurs. In figures 10-13 the yield stresses

are taken as the onset value of the modulus curves. The dynamic stress/strain sweep method can be used for

the point where the storage modulus crosses over the loss modulus as the gel time. This is also the point at

which tan(d) is equal to 1. The modulus crossover is a convenient point to use in systems where the loss

modulus starts higher than the storage modulus and reverses as the material cures. The G''/G" crossover

G''=G*cos(d) - this is the &quot;storage&quot; or &quot;elastic&quot; modulus; G''''=G*sin(d) - this is the

&quot;loss&quot; or &quot;plastic&quot; modulus ... Although this is an artificial graph with an arbitrary

definition of the modulus, because you now understand G'', G'''' and tand a lot of things about your sample will

start to make more sense. How you measure them is a matter of ...

Plot of storage modulus, loss modulus and tan delta as a function of temperature Application Examples.
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Polymer Blends. A polymer blend or mixture is analogous to metal alloys, in which at least two polymers are

combined to create a new material with different physical properties. Polymer blends can be broadly divided

as shown below.

The storage modulus plot of the 40% styrene, 60% styrene, and 60% MMA films is shown in Fig. 12.23.The

glassy regions are observed for each film sample at approximately 1.5 GPa. The modulus begins to decrease

for the 40% styrene film and 60% MMA film at approximately -55 &#176;C, whereas the modulus begins to

decrease for the 60% styrene film at approximately -45 &#176;C.

The in-phase and out-of-phase components of the dynamic modulus are known as the storage modulus and

loss modulus, respectively. Storage Modulus ( qquad G'' = G^* cos(delta) ) ... This is a plot of (J'''') and

(text{log}_{10}(G'')) versus temperature. And here is a summary sketch. Note that temperature and frequency

increase in opposite ...

What it doesn''t seem to tell us is how &quot;elastic&quot; or &quot;plastic&quot; the sample is. This can be

done by splitting G* (the &quot;complex&quot; modulus) into two components, plus a useful third value: ...

Plot of storage modulus, loss modulus and tan delta as a function of temperature It is important to note that the

use of DMA for glass transition measurements is a detailed topic that will be covered in a separate application

note. For the purposes of discussion, we note that the

the loss modulus, see Figure 2. The storage modulus, either E'' or G'', is the measure of the sample''s elastic

behavior. The ratio of the loss to the storage is the tan delta and is often called damping. It is a measure of the

energy dissipation of a material. Q How does the storage modulus in a DMA run compare to Young''s

modulus?

Storage Modulus Loss Modulus Phase Angle Loss Tangent Time-Temperature Superposition 1 1. Molecular

Structure Effects Molecular Models: Rouse Model (Unentangled) Reptation Model (Entangled) Viscosity

Recoverable Compliance Diffusion Coefficient Terminal Relaxation Time Terminal Modulus

DMA storage modulus plots can be used to calculate the Tg onset temperature of a given polymer. This is

done using the graphical intersection of two lines drawn tangent to the E'' curve. First, a tangent is drawn

along a selected part of the curve before the transition. ... The plot shows that the flex modulus of

polypropylene decreased by ...

Furthermore, because I need to make a comparative study of my materials, I am required to plot the same sets

of elements into one graph. As I initially plot for the storage modulus, what appeared ...
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