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The low velocity impact behavior of steel panel with different curvature is investigated experimentally. 
Numerical analysis is used for test results verification. In experimental method drop impact test 
apparatus is used so three different heights for falling weight are considered. Also, three different panel 
curvatures for experiment are used. Two important parameters measured are maximum acceleration and 
maximum plastic deformation of panel. A high speed accelerometer is used for measuring the impactor 
acceleration. Also, the permanent plastic deformation is measured with numerical measurement system 
attached to the drop test apparatus. Experimental analysis with three different radius of curvature is 
modeled with numerical analysis, the numerical analysis is used for further panel curvatures so the 
panel behavior is estimated in a wide range of panel curvatures.  The results in numerical analysis and 
test (if available) show good agreement when compared together. the results show that increasing the 
panel radius of curvature will increase impactor acceleration and will decrease the plastic deformation 
of panel, but if the radius of curvature is increased more and more, then the impactor acceleration will 
not increase further and will be nearly constant, on the other hand, plastic deformation of the panel will 
not be increased further when the panel radius of curvature is increased more. 
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Fig. 1  Geometry and dimension of  ST14  panels with 0.7 
mm thikness,(a) Infinit radius plate (flat plate), (b) 300 mm 
in radius panel and (c) 110 mm in radius panel 
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Fig. 2 Impact test apparatus 
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Fig. 3 Head of impactor details 
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1- Impactor head  
2- Ccomputer Numerical Control (CNC) 

 .  

  
 
2 -3-   
 

 .
  

  b c  
 .   

4  .
   

    
  

   .
11 

10  .   
 )  

 
 . 

  .   
15  

 . 
0.8  .4 

  

 
2 -4-     

-  -  - 14 
0.7   - 04 

 .
 .  

210220 
200200 ) 

1 60 210220 
9  .

- 10002-1:2001 
 . 

.180E GPa, 1100Et MPa , 170Y
 MPa 

E  ,tEY  
 .   

  .
110 30   

 5  . 

2 -5-   
2 -5-1-   

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
95

.1
6.

4.
38

.7
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
4-

24
 ]

 

                               3 / 8

https://dorl.net/dor/20.1001.1.10275940.1395.16.4.38.7
https://mme.modares.ac.ir/article-15-8841-en.html


    

     

  

284  1395164  

  

  
Fig.  5 panel with 110 mm radius of curvature. (a) before 
impact (b) after impact with H=30 cm 
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Fig. 4 Loading fixtures, (a) Three fixtures, (b) flat fixture details 

 4 ) (a )  (b    

  
Fig.  6 acceleration-time diagram for flat plate , drop 
height=30 cm 
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Fig. 7  plastic deformation vs. panel radius in experiment 
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Table  1 mechanical properties of steel panel from simple 
tension test 
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Table 2 mechanical properties of  impactor [10] 
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Fig. 8 Numerical modeling, total model including plate and 
impactor  

8   

1- Node Set 
2- Initial condition 
3- Automatic surface  to surface  contactmm 

 .
     

0.03  
   

0.25 1    
  
  

  
9810  .

 
 

  

3 -5-     
3 -5-1- –     

 -   
 

 .
0.2    

m/s2 6   

4 -      
 4 -1- –   
 6  0.6 

6 
  9  

0.12  .
  ( ) 

  
    

  

  

Fig.  9  Acceleration  history for m=46 kg, H=30 cm 
(numerical analysis) 
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Fig. 11 Acceleration vs. panel curvature variation 
comparation at three heights 
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Fig. 12 plastic deformation (d) vs. panel radius for H=20 
cm(Numerical and test comparation) 
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Fig. 10 Acceleration vs. panel curvature variation 
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