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In this paper, the internal inversion process of metallic cylindrical shells under dynamic axial loading is 
investigated experimentally and numerically. Experimental tests are performed on the steel tubes in a 
gas gun and the required force for internal inversion is obtained using the measurement system of 
impact loadings. Also, numerical analysis is carried out by the finite element software ABAQUS and 
the accuracy of simulated models is validated with the experimental results. In this paper, all 
geometrical properties of the tubes and die are assumed to be constant and the effect of the projectile 
mass and velocity is investigated on the shortening and energy absorption of the tubes which are 
affected by axial impact in the internal inversion process. Therefore the projectile is shot directly to the 
specimen with different masses and velocities. It is observed that if the projectile mass remains 
constant, increased impact velocity has almost no effect on the constant inversion load and just 
increases the tube displacement but if the impact velocity remains constant, increasing the amount of 
projectile mass causes increase in the constant inversion load besides increased tube displacement. 
Comparing the results of numerical simulations with the experimental results shows a good agreement 
between them. 
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- LS-DYNA 
- Gas Gun 
- Abaqus 
- Load Cell 
- Strain Gauge 
- Amplifier 
- Oscilloscope 
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Fig. 1 Total view of Gas Gun 

1  

 
)a(   

 
(b)   

Fig. 2 a) Cylindrical shell at the die inlet, b) Striking mass 
2  ( ) ( )   

  
Fig. 3 The oscilloscope and the amplifier 
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Fig.  4 Sectioned tube and die when the striking projectile 
impact the tube in Abaqus 
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Fig. 5 True stress-true plastic strain curve for the tube material 
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Fig. 6 Sectioned invertube on its respective die 
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) 264   

Table 1 Experimental and numerical results of tube shortening 
and absorbed energy in the internal inversion process 
(m=264gr) 

 )J(   )mm(  
 

)m/s(      )2(   

641.3 648.4  12.92 14.05 12.8 71 

809.1  827.1   15.26  16.28  15.6  81 

1030.1  1029.7   17.33  18.23  17  89 

1197.9  1222.5   19.57  21.08  19.4  97 

1336.9  1402.8   21.62  23.56  21.7  104 

1511.6  1604.9   23.67  25.93  24  110.5 

1896.4  1985.8   28.45  30.35  30  126.5 
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Fig.  7 Internally inverted sectioned tubes at different velocities 
(respectively from left to right, v=71, 81, 89, 97, 104, 110.5 & 
126.5 m/s) 
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Fig. 8 Stages of internal inversion process 
8   

2   
Table 2 Tube thickness in the internal inversion process 

  
 )mm(  

    
A 1.3  1.2  
B 1.65 1.5  
C 1.85 1.77  
D 1.4 1.36  
   

    

  
Fig. 9 Force-time curves and final shape of the tubes after 
deformation in both numerical and experimental models for 
m=264gr and v=71m/s 
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Fig. 10 Force-time curves and final shape of the tubes after 
deformation in both numerical and experimental models for 
m=264gr and v=81m/s 
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Fig. 11 Force-time curves and final shape of the tubes after 
deformation in both numerical and experimental models for 
m=264gr and v=89m/s 
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Fig. 12 Force-time curves and final shape of the tubes after 
deformation in both numerical and experimental models for 
m=264gr and v=97m/s 
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 264 97   

    

  
Fig. 13 Force-time curves and final shape of the tubes after 
deformation in both numerical and experimental models for 
m=264gr and v=104m/s 
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Fig. 14 Force-time curves and final shape of the tubes after 
deformation in both numerical and experimental models for 
m=264gr and v=110.5m/s 
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Fig. 15 Force-time curves and final shape of the tubes after 
deformation in both numerical and experimental models for 
m=264gr and v=126.5m/s 

15 -
 264 126.5  

 

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
95

.1
6.

3.
26

.3
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
4-

26
 ]

 

                             6 / 10

https://dorl.net/dor/20.1001.1.10275940.1395.16.3.26.3
https://mme.modares.ac.ir/article-15-5865-fa.html


    

        

1395163  301  

 
Fig. 16 Comparison of force-displacement curves for the 
impact velocities of 81, 97 & 110.5 m/s and the striking mass 
264 gr 
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Fig. 17 Absorbed energy-displacement curves for the internal 
inversion process of tubes, (a) comparison of experimental and 
numerical results for v=104 m/s, (b) comparison of 
experimental results for three different velocities, (c) 
comparison of numerical results for three different velocities 
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Table  3 Experimental and numerical shortening and absorbed 
energy results of tube in the internal inversion process 
(v=89m/s). 

  
(J)  

 
(mm) 

  
)gr( 

    )2(   
663.17 693.07  12.9 15.05 13 175  
1030.11 1029.72  17.33 18.23 17 264 
1817.08 1881.24  28.92 31.12 30 475 

 
Fig. 18 Internally inverted sectioned tubes for the impact 
velocity of 89 m/s, (respectively from right to left, m=175, 264 
& 475 gr) 

18 89 
) 175264 475   

    

  
Fig. 19 Force-time curves and final shape of the tubes after 
deformation in both numerical and experimental models for 
v=89m/s, m=175gr 

19 -
 89 175  

    

  
Fig. 20 Force-time curves and final shape of the tubes after 
deformation in both numerical and experimental models for 
v=89m/s, m=475gr 
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(a)  

(b)   

Fig. 21 Comparison of force-displacement curves for the 
impact velocity of 89 m/s and the striking masses of 175, 264 & 
475 gr, (a) experimental model, (b) numerical model 
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Fig. 22 Comparison of absorbed energy- displacement curves 
for the impact velocity of 89 m/s and the striking mass of 175, 
264 & 475 gr, (a) experimental model, (b) numerical model 
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