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Cylindrical tube with varying cross-section is set down 
as a tube connected with infinitesimal uniform 
cylindrical tubes. 

Background & Objective  
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     Safety is a vital issue in design of modern vehicles. When a vehicle collides, crushable zone of the 
vehicle collapses to highly absorb impact energy for safety of the passengers. To improve & control 
absorbed energy by the collapse, several structural elements with various shapes as well as uniform 
cross-sections have been investigated.  
     The objective of the study is development of approximation method for evaluating the absorbed 
impact energy of a cylindrical tube with varying cross-section subjected to an axial impact. 

Approximation method 
Crushing of the cylindrical tube with varying cross-
section progresses due to minimum force of the 
infinitesimal uniform tubes. 
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Demonstration of proposed technique  

0.1 0.2 0.3 0.4 0.5

0.2

0.4

0.6

0.8

1.0

0

(H/R)
1/2

u
m

a
x
 /
 L

 FEM result
 Fitting curve

Rigid body

1200 kg

R

L

H

4 m/s

Rigid wall Cylinder

Fixed end

 


u

m

n

i

ii

i

m
n

ab duPzPE
0

lim 

0731.052.219.1
2

2/1

0




















R

H

R

H

RH

Pm


929.0687.0

2/1

max 









R

H

L

u


 


z

i

n

i

i
n

dzzu
0

lim 

In this study, mean forces, Pm & 
mean displacements, umax/L for 
uniform tubes were formulated by 
FEM (Radioss ver. 4.4q) 

i-th uniform tube 
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Drop weight impact test machine 

Conclusions 

To confirm the validity of the proposed method, the results of drop weight 
impact tests for tapered tubes were compared to those of approximation formula. 

Elastic-perfectly Plastic Solid 

Mean Force, Pm Mean Displacement, umax/L 
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Formulation of Absorbed energy & Displacement  
for cylindrical tubes with varying cross-section  
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Integrating with z 
Integrating with 
displacement u 

Mean Force & Mean displacement for uniform infinitesimal tube at position z 

Drop weight impact test for tapered tube 

     We developed an approximation method for evaluating the absorbed impact 
energy of a cylindrical tube with varying cross-section by using absorbed energy 
characteristics of uniform cylindrical tubes subjected to axial impacts.  
     Approximate absorbed energy-displacement curve for tapered tube showed 
good agreement with the experimental results. 
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Absorbed energy-displacement curves 

• Mass of the impactor is 10 kg  
• Drop height of the impactor is 1.5 m  

Absorbed Energy 

Displacement 

Absorbed Energy, Eab & Displacement, u for a 
cylindrical tube with varying cross-section are 
expressed by combination of results for the 
uniform tubes. 
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Displacement, u 
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Mean Force, Pm & Mean Displacements,   for a uniform tube  
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Absorbed Energy Displacement 

Young’s modulus, E 

Yield stress, 0  


