
FEM Review

All elements have a modulus of E and a length of L. 
What is the value of the third row and third column 
of the stiffness matrix?
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Airplane as a Pressure Vessel

An airplane exhibits a pressure difference of 56 kPa in the fuselage at 39 000 
ft cruising altitude. The radius of the fuselage is 4 m. The tensile yield 
strength of aircraft grade aluminum is 276 MPa.
a) What thickness is required to achieve a factor of safety of 2.5?
b) Rivets hold the fuselage together. The rivets have a diameter of 3.175 

mm and a shear strength of 95 MPa. What density of rivets are required 
to reach a factor of safety of 2.5?

https://aviation.stackexchange.com/questions/19291/what-
is-the-pressure-in-a-civil-aircraft-fuselage-at-flight-ceiling





Example rivet pattern 
for airplane fuselage.



A square was drawn on a cylindrical balloon before inflating it. The 
balloon was then inflated. Which one is the correct shape resulting from
the original square after inflation?



Pneumatic Actuators

Jin Guo et al, IEEE ICMA, 2017
Schaffner et al, Nat Comm, 9:878, 2018.

1. Starting from the equations for stresses in 
chambers and the generalized strain equation, derive 
the relationships for the strain in the axial and hoop 
directions in a pressure vessel.

3. How could you modify the materials properties or 
device structure ot improve the actuation strain 
and/or actuation stress in the axial direction?

2. For an elastomer with a Poisson’s ratio of 0.5, what 
is the strain in the axial and radial directions as a 
function of pressure?
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