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Introduction 
Struts are often used for connecting two bodies in 1 DOF (x), 
while keeping the other DOFs free. In many cases the 
function of a stiff element with two hinges is desired. This is 
achieved by reinforcing the midsection of the strut.  The 
poles of the hinges are located at the center of the thin 
sections, so to keep the same motion profile the strut length 
increases slightly. The buckling force is increased 
significantly, while the remaining stiffness in the motion 
directions is kept relatively unchanged.  
 
In theory the midsection has 5 unconstrained DOFs, which 
leads to internal resonances. This can affect the 
controllability of the mechanism in high frequency 
applications. 
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Deformation characteristics 
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Stiffness 

𝐶𝑥 = (
2𝑙

𝐸𝐴𝑑
+

𝐿

𝐸𝐴𝐷
)
−1

≈
1

γ2+2λ
⋅
𝐸π𝑑2

4𝐿𝑃
   

 With A the cross-sectional area at d or D.   

𝐶𝑦 = 𝐶𝑧 =
6𝐸𝐼

𝑙(4𝑙2+6𝐿𝑝𝑙+3𝐿𝑝
2)
≈

1

6λ
⋅
3𝐸π𝑑4

16𝐿𝑃
3      

𝐾𝑥 =
1

2λ
⋅
𝐺π𝑑4

32𝐿𝑃
   

𝐾𝑦 = 𝐾𝑧 =
1

2λ
⋅
𝐸π𝑑4

64𝐿𝑃
     

 
Stress 
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Force limits  
The maximum transverse force is: 
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When a force in x-direction is applied buckling can occur, for 
equations to calculate the buckling load see Beam Theory: 
Buckling. 
 

Maximum deflection 
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Figure 1: S-shape deformation 
 
Design guidelines 

Keep         
1

10
< λ <

1

4
  and 

1

10
< γ <

1

2
 

 

Typical    λ =
1

6
        and        γ =

1

3
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Pros & Cons 
☺ High buckling resistance 
☺ Predictable stiffness 
 Internal resonances 
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