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2 Silicone Foam Background

Shock Vibration Isolation and Reduction

. Light weight

. Excellent energy absorption

. Full recovery after impact loading

Magnification 150 x

•

Open-Cell Silicone foam

Density: 608 ± 21.85 kg/m3

Average cell size: —0.5 mm

0.100 mm ! I

At first glance, it may seem OK to neglect Poisson's Ratio or assume a small number
near zero due to apparent compressibility



3 Silicone Foam

Mechanical response of silicone foam may be altered by...
O Strain rate

O Stress-state

O Temperature

Nonlinear Behavior

—20001s

0.1 0.2 0.3 0.4 0 5

Engineering Strain

Shock or vibration isolation pads can undergo
O High strain rate

O High densification state

Past densification, material may lose compressibility



4 I Poisson's Ratio

Poisson's Ratio is typically regarded as a material constant
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Materials such as foams are undergo large deformation
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Good for metals in Elasticity

Small strains

True strains along axial and radial
directions

S ecant Poisson's Ratio

Applicable to Linear Response Only 1 If

In the case of nonlinear large deformation, tangent Poisson's ratio with true
strains represents actual Poisson's ratio
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5 Literature

Most available studies on Poisson's ratio...

r, 

Conducted at quasi-
static strain rates

_}

M
Limited to small
deformations

Some measure large
deformation, use secant

ratio to calculate

MP

1'
Response might not apply

lo to high strain rates

Material can undergo large
deformation during use

Tangent method must bej
used for accurate results

Ami

Our Approach: Measure Poisson's ratio at high rate*, large deformation,
and calculated using tangent ratio for best results

*quasi-static also included as a check



6 Quasi-static experiments

Photo Detector and Collector Lens
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7 Laser Calibration
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8 Quasi-static Output
0.3

0.25

0.2

0.05

—LVDT
—Laser

0.3

0.25

0.2 5-

0.15 • -u)
t.)

- 0.1 
co

- 0 05

  0
0.5 1 1.5 2 2.5 3 3.5 4

Time (s)

-0.6

-0.5
c•_

-0.3
a)
c

-0.1

0

ex - 1
lo
ll 1

er
dl

do

0.00 0.15 0.30 0.45

Axial Engineering Strain

0.60 0.75



9 High Rate Experiments

Striker Bar
_,

High-Speed
Camera \

Flash Lamps

Incident Bar

\

/—
Pulse Shaper
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10  High Rate Deformation



1 1 High Rate Deformation
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12  Poisson's Ratio Calculation
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0.2 0.4 0.6 0.8

True Axial Strain

Tangent Poisson's Ratio for large, nonlinear deformation

True strain: Axial compression (+) and Radial Tension (-)
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1 3  High Rate Poisson's Ratio

Radial-axial relationship is similar to QS results

No strain rate effect is evident for radial-axial true strain relationship from 1000-4000 s-1
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14 QS and High Rate Poisson's Ratio
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15 QS and High Rate Poisson's Ratio
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16 Conclusion

Optical methods were used to measure deformation of silicone foam along axial and
radial directions

Quasi-static (laser)

Dynamic (high-speed camera)

Radial-axial strains were collected

Tangent method to calculate Poisson's ratio for large strain, nonlinear deformation

Radial-axial behavior fit using Botlzmann sigmoid function

\o major strain rate sensitivity in radial-axial strain behavior at high rate

Quasi-static and dynamic Poisson's ratios were slightly different

Overall, foam transitioned from being compressible to nearly incompressible with
densification

Models should include this transition for most accurate results


