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Shape Optimization of the Cross-section of a Rotating Cantilever Beam 
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Abstract

When a cantilever beam rotates about the axis perpendicular to its longitudinal axis, its natural frequencies 
vary. This phenomenon which is caused by centrifugal inertia forces is often referred to as the stiffening 
effects. Since the variation of natural frequencies often creates critical problems for the rotating structures, it 
is necessary to control the variation of natural frequencies. As the cross section of a rotating cantilever beam 
varies, natural frequencies can be changed. The thickness and the width of the cantilever beam are assumed to 
be cubic spline functions in the present work. An optimization method is employed to find the optimal 
thickness and width of the rotating beam. This result can be used for the design of rotating structures such as 
turbine and helicopter blades. 
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Fig. 1 Configuration of a rotating cantilever beam 
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Table 1

Table 1  Data for numerical simulation

Young’s modulus(E) 69.0 109  Pa 

Density( ) 2.71 103 Kg/m3

Length( L ) 0.4  m 
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Fig. 2 Band of 1st natural frequency vs. rotating speed 

0.0 0.1 0.2 0.3 0.4
0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

5.5

6.0

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

5.5

6.0

Th
ic

kn
es

s(
m

m
)

Length(m)

 Maximum result ( s=0)
 Maximum result ( s=300)
 Minimun result ( s=0)
 Minimun result ( s=300)
 Thickness limit
 Original shape

Fig. 3 Thickness shapes which maximize or minimize 
1st natural frequency 
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Fig. 4 Width shapes which maximize or minimize 
1st natural frequency 
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Fig. 5 Band of 1st natural frequency vs. rotating speed 
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Fig. 6 Thickness shapes which maximize or minimize 
1st natural frequency 
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Fig. 7 Width shapes which maximize or minimize  
1st natural frequency 
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Fig. 8 Band of 1st natural frequency vs. rotating speed 
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Fig. 9 Thickness shape of beam for a prescribed natural 
frequency 
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Fig. 10 Width shape of beam for a prescribed natural 
frequency 
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