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1.2.6 Generalized Maxwell and Weichert models 
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𝐿
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2.1  Material characterization 
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2.2.1 Hyperelastic Characterization  
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2.2.2 Viscoelastic Characterization 
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 𝑘 𝑘
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3.4  Validation procedure and results 
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3.4.3 Configuration 3 – Results and Considerations 
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4. Dynamic response of the piece of art to be protected 
 

4.1  Overview 
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 Accelerometer Symbols for z-axis: 
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4.3  Analysis of the obtained results 
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5. FEM and experimental validation of a Crate 
supported by Sorbothane pads 

 

5.1 Overview 
 

 

5.1.1 Description of the tested crate 
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5.1.2 General description of the model and experimental test performed 
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𝑚

𝑘 𝑟

𝑚�̈� + 𝑟�̇� + 𝑘𝑥 = 𝐹(𝑡) = 𝐹0 cos Ω𝑡

𝑥(𝑡)

𝑥(𝑡) = 𝑥𝐺(𝑡) + 𝑥𝑃(𝑡)

𝑥𝐺(𝑡)

𝑥𝑃(𝑡) 𝐹(𝑡)

𝑥𝑃(𝑡)

𝐹0 cos Ω𝑡

𝐹(𝑡) = 𝐹0𝑒𝑖Ω𝑡 Ω
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𝑚�̈� + 𝑟�̇� + 𝑘𝑥 = 𝐹0𝑒𝑖Ω𝑡

𝑥𝑝 = 𝑋𝑝𝑒𝑖Ω𝑡 = |𝑋𝑝|𝑒𝑖(Ω𝑡+𝜑)

(−𝑚Ω2 + 𝑖𝑟Ω + 𝑘)𝑋𝑝𝑒𝑖Ω𝑡 = 𝐹0𝑒𝑖Ω𝑡

𝑋𝑝 =
𝐹0

(𝑘 − 𝑚Ω2) + 𝑖𝑟Ω

𝑋�̈� =
−Ω2𝐹0

(𝑘 − 𝑚Ω2) + 𝑖𝑟Ω

𝐹0

1

𝑚

𝑋�̈�

𝐹0
=

−
1
𝑚

(
𝑘

𝑚Ω2 − 1) + 𝑖
𝑟

𝑚Ω
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|
𝑋�̈�

𝐹0
| = √𝑅𝑒 (

𝑋�̈�

𝐹0

(Ω))

2

+ 𝐼𝑚 (
𝑋�̈�

𝐹0

(Ω))

2

=   

1
𝑚

√(
1
a2 − 1)

2

+ (
2ℎ
𝑎

)
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5.2 Finite element model of the crate configuration with Abaqus 
CAE 
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5.3 Experimental testing procedure description 
 

5.3.1 Testing procedure and needed equipment 
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5.4 Validation procedure and results 
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𝑎𝑚𝑜𝑑𝑒𝑙 𝐹𝑚𝑜𝑑𝑒𝑙

𝐻𝑚𝑜𝑑𝑒𝑙 =
𝑎𝑚𝑜𝑑𝑒𝑙

𝐹𝑚𝑜𝑑𝑒𝑙  1000
 

𝑋�̈�

𝐹0

𝑇 =
𝑎𝑜𝑢𝑡𝑝𝑢𝑡

𝑎𝑖𝑛𝑝𝑢𝑡

𝐹𝑖𝑛𝑝𝑢𝑡

𝐹𝑖𝑛𝑝𝑢𝑡 = 𝑚 𝑎𝑖𝑛𝑝𝑢𝑡

𝑚

𝑎𝑖𝑛𝑝𝑢𝑡

𝐻𝑒𝑥𝑝 =
𝑎𝑜𝑢𝑡𝑝𝑢𝑡

𝑎𝑖𝑛𝑝𝑢𝑡
∗ 5

1

𝑘𝑔
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