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In this paper, numeral and experimental analysis of composite metal vessel is investigated under 
variable pressure loading. For this purpose, a sample of multi section cylindrical vessel is considered. 
The pizo electric 1000 bars sensors are used to measure pressure. The sensors are installed in the holes 
on the metal cylindrical vessel. The amplification parts are used to adjust sensors. The test is done under 
dynamic loading. The results are recorded by data logers in pressure-time chart. The aim of this study is 
to optimize the weight and strength of the vessel with using trial and error by numeral analysis inverse 
explosive loading. For this, a sample of multi section cylindrical vessel is analyzed with abaqus finite 
element software. The load in the vessel is derived by charts from experimental tests. The load obtained 
from experimental tests as a dynamic load is analyzed and compared with metal vessel and metal-
composite vessel. The results obtained from abaqus finite element software discuss a different case. 
Finally, geometric and material properties of liner and composite are suggested for optimization of the 
weight and strength of the vessel. 
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Fig. 1 Vessel model  
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Fig. 2 Pressure sensors position  
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Fig. 3 Pieces of reinforcement  

3  

 
Fig. 4 The installation method of adaptor, sensor and connector 
cables   

4 

 
Fig. 5 The installation position of caps upon the vessel  

5   
  

1    
Table 1 The installation positions of pressure sensors  

 
 

(mm) 
1  70 
2 200 
3 274.5  
4 360 

5  430 

6  605 

7  843.07  

8  1020.07 

7 
 .     

800 
8 9 
 .

 .10 
 .

1000 1 

  -
5015A100  ( ) .

 -
 -  . 

  

  

Fig. 6 Vessel schematic and the arrangement position of pressure sensors (dimensions in mm) (numbered points show the 
arrangement of sensors)  
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Fig. 7 Vessel harnessing method in the test  
7    

  
  
  
  
  

 
Fig. 8 Fuel package with end cap  
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Fig. 9 Installation and placement of fuel  
9   

  
  
  
  
  
  

  
Fig. 10 A sample of fuel lid  
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Fig. 11 Pressure – time diagram of experiment # 1 
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Fig. 12 Pressure – time diagram of experiment # 2 
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Fig. 13 Pressure – time diagram of experiment # 3  
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Fig. 14 Pressure – time diagram of experiment # 4  
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Table 2 Vessel dimensions of test 

    
 )mm( 62.5 46.5  ----- 

 )mm( 5.5 5.5 5.5 
 )mm( 908 362 25 

  
Fig. 15 Vessel of modeling in software   

15    

1 T700

4 
22 6563  .   

  
  

 
    

...  
  . 
16      

  
4 -3-2-   

 

 
   

 .17  
(90,+45,-45,90)   

  
3 4340]36[  

Table 3 Mechanical and thermal properties of 4340 steel   
  

  E (GPa)  210 

    0.3 

    (kg m-3) 7800 

  cp  (J kg-1 K-1) 460 

   (W m-1 K-1)  40  

  T (1/K)   0.000015  

   (m2 s-1)  0.000117  

4 700  ]37[  
Table 4 Composite properties T700/LY5052 with fiber volume 
fraction of 50% 

  
  

1E  (GPa)  161.3 

 
2 3,E E  (GPa)

 
  8.85  

  
12 13,G G  (GPa)  5.331  

  
23G  (GPa)  2.744  

 
12 13,  0.33 

 
23

  0.45 

   (Kg m-3) 1600 

 
(MPa)  2300 

(MPa)  1080  

(MPa)  30  

(MPa)  70  

 J/kg.k   800  

  

Shell (S4R)
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Fig. 16 Vessel meshed model  

16   

  
Fig. 17 Composite torsion angle in mode (90,+45,-45,90)   

17 (90,+45,-45,90)  

5    
Table 5 The results obtained with metal vessel  

  
 

 
(mm) )MPa(    

  
(kg)  

1  
 5.5 

512  
2.34  16.96  

2  433  

5  1 
 18 

19  .
1 

2  .

  6 
  

  
24 

18 

 

] 38 [
 .6   

6 
4.5 90 

 ]38 [24  
  

  
Fig. 18 Von Mises stress of metal vessel caused by pressure 
load at the time of 7 milliseconds per unit Pascal  
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6   
Table 6 The results of stress for different modes of composite torsion angle, thickness of the liner and composite     

      (mm)    
  (mm)  )MPa(  

  
   

(kg)          

1  
(0,+45,-45,0)  
(0,+45,-45,0)  

(1.5,1,1,1)  
(1.5,1,1,1)  

1  
2  

2  
1.5  

4.5  
4.5 

1009  
990  

185  
304  1.2  8.86  

2  
(0,+45,-45,0)  

 (0,+45,-45,0)  
(1,1,1,1.5)  
(1,1,1,1.5)  

1  
2  

2  
1.5  

4.5  
4.5 

1022  
995  

262  
316  1.2  8.86  

3  
(90,+45,-45,90)  
(90,+45,-45,90)  

(1,1,1,1.5)  
(1,1,1,1.5)  

1  
2  

2  
1.5  

4.5  
4.5 

623  
660  

470  
455  1.81  8.86  

4  
(90,+45,-45,90)  

 (90,+45,-45,90)  
(1,1,1,1.5)  
(1,1,1,1.5)  

1  
2  

2  
1.5  

4.5  
4.5 

630  
650  

474  
445  1.84  8.86  

5  
(90,0,0,90)  

 (90,0,0,90)  
(1,1,1,1.5)  
(1,1,1,1.5)  

1  
2  

2  
1.5  

4.5  
4.5 

620  
560  

480  
430  1.93  8.86  

6  
)90(  
)90(  

(4.5)  
(4.5)  

1  
2  

2  
1.5  

4.5  
4.5 

460  
505  

352  
320  2.37  8.86  

7  
(90,+50,-50,90)  
(90,+50,-50,90)  

(2.5,1,1,1)  
(2.5,1,1,1)  

1  
2  

2  
1.5  

4.5  
4.5 

538  
570  

410  
374  2.1  8.86  

8  
(90,+50,-50,90)  
(90,+50,-50,90)  

(1.75,0.5,0.5,1.75)  
(1.75,0.5,0.5,1.75)  

1  
2  

2  
1.5  

4.5  
4.5 

535  
572  

410  
375  2.09  8.86  

9  
(90,+18,-18,90)  
(90,+18,-18,90)  

(2.5,0.5,0.5,1)  
(2.5,0.5,0.5,1)  

1  
2  

2  
1.5  

4.5  
4.5 

532  
523  

410  
372  2.25  8.86  

10  
)90(  
)90(  

(4.5)  
(4.5)  

1  
2  

2  
2  

4.5  
4.5 

470  
460  

352  
315  2.55  9.9  

11  
(90,+50,-50,90)  
(90,+50,-50,90)  

(2.5,0.5,0.5,1)  
(2.5,0.5,0.5,1)  

1  
2  

2  
2  

4.5  
4.5 

540  
505  

407  
370  2.22  9.9  

12  
(90,+50,-50,90)  
(90,+50,-50,90)  

(1.75,0.5,0.5,1.75)  
(1.75,0.5,0.5,1.75)  

1  
2  

2  
2  

4.5  
4.5 

537  
505  

410 
370  2.23  9.9  

13  
(90,+18,-18,90)  
(90,+18,-18,90)  

(2.5,0.5,0.5,1)  
(2.5,0.5,0.5,1)  

1  
2  

2  
2  

4.5  
4.5 

535  
467  

409  
369  2.24  9.9  

14  
)90(  
)90(  

(6)  
(6)  

1  
2  

2  
1.5  

6  
6 

382  
435  

260  
290  2.75  9.89  

15  
)90(  
)90(  

(6)  
(6)  

1  
2  

2  
2  

6  
6 

390  
394  

292  
262  3.04  10.93  

16  
(90,+27,-27,90)  
(90,+27,-27,90)  

(2.5,0.5,0.5,1)  
(2.5,0.5,0.5,1)  

1  
2  

2  
2  

4.5  
4.5 

535  
480  

411  
371  2.24  9.9  

17  
(90,+75,-75,90)  
(90,+75,-75,90)  

(2.5,0.5,0.5,1)  
(2.5,0.5,0.5,1)  

1  
2  

2  
2  

4.5  
4.5 

483  
472  

368  
327  2.48  9.9  

18  
)90(  
)90(  

(6)  
(6)  

1  
2  

0  
0  

6  
6 

 ---  
 ---  

426  
386  5.39  4.15  

19  
(90,+50,-50,90)  
(90,+50,-50,90)  

(2.5,0.5,0.5,2.5)  
(2.5,0.5,0.5,2.5)  

1  
2  

0  
0  

6  
6 

 ---  
 ---  

449  
491  4.68  4.15  

20  
(90,+18,-18,90)  
(90,+18,-18,90)  

(2.5,0.5,0.5,2.5)  
(2.5,0.5,0.5,2.5)  

1  
2  

0  
0  

6  
6 

 ---  
 ---  

505  
448  4.55  4.15  

21  
(90,+27,-27,90)  
(90,+27,-27,90)  

(2.5,0.5,0.5,2.5)  
(2.5,0.5,0.5,2.5)  

1  
2  

0  
0  

6  
6 

 ---  
 ---  

506  
453  4.54  4.15  

22  
(90,+75,-75,90)  
(90,+75,-75,90)  

(2.5,0.5,0.5,2.5)  
(2.5,0.5,0.5,2.5)  

1  
2  

0  
0  

6  
6 

 ---  
 ---  

438  
403  5.25  4.15  

23  
(90,+27,-27,90)  
(90,+27,-27,90)  

(2.5,0.5,0.5,1)  
(2.5,0.5,0.5,1)  

1  
2  

2 
1.5  

4.5  
4.5 

533  
540  

410  
374  2.22  8.86  

24  
(90,+75,-75,90)  
(90,+75,-75,90)  

(1.5,0.5,0.5,2)  
(1.5,0.5,0.5,2)  

1  
2  

2  
1.5  

4.5  
4.5 

481  
531  

363  
332  2.26  8.86  

  
6 2 

 ) 1200 
4340 (     2.29      

  
  .8.86 

16.96  8.86 
48   
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Fig. 19 Changes diagram of von Mises stress at the time of 7 
milliseconds during the metal vessel   

19  7 
  

  
20 22 

)  24 ( .
20 1 

481 2 531 
2 

21 

4 2300 

6.33  .22 

 -

  .  

5 -  

  

  

  .
 .

   

  
Fig. 20 Von Mises stress of liner vessel selected model caused 
by pressure load at the time of 7 milliseconds per unit Pascal 

20 7 
  

  
Fig. 21 Von Mises stress in composite vessel selected model 
caused by pressure load at the time of 7 milliseconds per pascal 
unit   

21 
7   

  
Fig. 22 Changes diagram of von Mises stress in composite 
vessel selected model caused by pressure load at the time of 7 
milliseconds during the vessel   

22 
7   

  

 .
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