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Transcript 



Luke Gawronski
Foundations of Mechanical Engineering II – Fall 2008
Homework 2
1. Equilibrium and Compatibility equations:
Making the following substitution:
Yields the stress function equation:
 ∂ 4φ  ∂ 4φ
∂ 4φ
+ 4
 2
2
+
2 
x
y
∂
⋅
∂
∂4x
 ∂ y

2. For an isotropic, linear elastic body:
 2 −3 1 


σ =  − 3 4 5  (MPa)
 1
5 − 1

ε ij =
E = 210 GPa
ν = 0.3
1 +ν
ν
σ ij − σ αα δ ij
E
E
− 18.57
6.19 
 8.1


ε =  − 18.57 23.33 30.95  × 10 −6
 6.19
30.95 − 14.76 

3.
E = 1011
ν = 0.3
h = 0.1 in.
An ANSYS model was built using solid brick elements to model the cantilever. An example is
shown below. Results are given for three mesh densities. Model and results are included in the
file “HW2.3_FEM.pdf.”
Mesh Size
(m)
Maximum
Deflection
(m)
Maximum
Von Mises Stress
(Mpa)
0.1 x 0.1 x 0.033
0.05 x 0.05 x 0.02
0.025 x 0.025 x 0.02
0.00286
0.00355
0.00391
44.6
51.7
57.0
From elementary beam theory, the maximum cantilever deflection is given by
∆y =
PL3
= 0.004 m, and the maximum Von Mises stress is 60 MPa. The FEM solution
3EI
converges to these values as mesh density increases.
4.
a. Combining the 5 given equations:
r2
b. Using Maple to solve for σr and σφ:
c.
εr =
1
B
 (1 − ν ) A + (1 + ν ) 2 
E
r 
d 2σ r
dσ r
+ 3r
=0
2
dr
dr
σr = A+
εφ =
B
r2
σφ = A −
B
r2
1
B
 (1 − ν ) A − (1 + ν ) 2 
E
r 
d. For plane stress, σz = 0.
Axial strain: ε z =
1
(σ z − ν (σ r + σ φ )) = − 2 ⋅ν ⋅ A
E
E
e. Using the given equation, u = r ⋅ ε φ =
r
B
 (1 − ν )A − (1 + ν ) 2 
E
r 
f. Using the given information, first solve for A and B. Then substitute into stress, strain, and
displacement equations.
a2 p + b2q
A= 2
a − b2
a 2b 2 ( p + q)
B=
b2 − a2
g. An ANSYS plate model was used to obtain a FEM solution for this problem. The results are
summarized below. Model and contour plots are included in the file “HW2.4_FEM.pdf.”
Max σr
1 MPa
Max σφ
10 MPa
Max εr
5.91E-05
Max εφ
6.98E-05
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