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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  
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Fig. 4 The installation method of adaptor, sensor and connector 
cables   
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Fig. 5 The installation position of caps upon the vessel  
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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  ( ) .

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

  

 .
1 21 2 3 4 5 6 



    

-     

1395165  61  

14 567  8  
14567  8  

  .
 .  

*1 6 
 .  

*6 8 

6.5 
) 6 (

 .  
 *

6 8 

    
*3  4 

 .  
 *285 6 

173 
8 

 . 
 -  

  

 
 . 

24  
  

1 2  2 
1.5  

4.5    -

(90,+75,-75,90)  (1.5,0.5,0.5,2)  

48 16.96 8.86   
 
6 -  

[1]  G. Taylor, The Fragmentation of tubular bombs, Advisory Council 
on Scientific Research and Technical Development,  Vol. 5, No. 1, 
pp. 202-320, 1963. 

[2]  A. G. Ivanov,Explosive deformation and destruction of tubes, 
Strength  of Mateials , Vol. 8, No. 11, pp. 1303-1311, 1976. 

[3]  C. Hoggat, R. Recht, Fracture behavior of  tubular bombs,  Journal 
of Applied Physics, Vol. 39, pp. 1856-62, 1968. 

[4]   Al-Hassani, W. Johnson,  The Dynamics of the fragmentation 

frocess for shells containning explosive, International Journal of 
Mechanical Sciences,  Vol. 11, pp. 811, 1969. 

[5]  G. Chongyang, S. Huiji, Y. Zhenhan, W. Xiaohua, B.Chunhua, 
Numerical simulation dynamic fracture criteria of thin cylindrical 
shells under inner explosive loading, Tsinghua Science and 
Technology,  Vol. 5 :No. I, pp. 13-17, 2000. 

[6]  T. W. Chao, J. Shepherd, Comparison of fracture response of 
preflawed tubes under internal static and detonation loading,  
Jonrnal of Pressur Vessel Technology,Vol. 126, No.3, pp. 345-353, 
2004. 

[7]  M. Singh,  H.  R.  Suneja,  M.  S.  Bola,  S.  Prakash,  Dynamic  tensile  
defomation and fracture of metal cylinders at high strain rates, 
Journal of Impact  Engineering, Vol. 27,  pp. 939-954, 2002. 

[8]  L. T. Wilson, D. R. Reedal, L. D. Kuhns, D .E. Grady, M. E. Kipp, 
Using a numerical fragmentation model to understand the fracture 
and fragmentation Of naturally fragmenting munitions of differing 
materials and geometries, 19th International Symposium Of 
Ballistics,  Interlaken, Switzerland, May 7-11,  2001. 

[9]  Q. Zhang, C. Miao, D. Lin, C.  Hua Bai, Relation of  fracture with 
air shock wave intensity for explosion in a shell, Internatinal 
Journal of Impact Engineering, Vol.28, pp.1129-1141, 2003. 

[10]  N. Dshteyan Gerami, H. Khodarahmi, A. A. Masoumi, Analysis    
of  fracture grooven cylindrical with theory method under inner 
explosive loading, Proceedings of The 4th International 
Conference Mechanical Engineering, Esfehan, Iran, 2005. (in 
Persian ) 

[11]  N. Dshteyan Gerami, H. Khodarahmi, A. M. Mirjalili, Numerical 
simulation and investigation transiant theorical model under inner 
explosive loading, Proceedings of The 5th International 
Conference Mechanical Engineering, Tehran, Iran, 2004. (in 
Persian ) 

[12]  N. Dshteyan Gerami, A. A. Masoumi, M. Gorbani, S. J. 
Enderami, Experimental analysis of double effect FAE system, 
Proceedings of The 1th International Conference High Energy 
Material, Tehran, Iran, 2011. (in Persian ) 

[13]  A. A. Masoumi, N. Dshteyan Gerami, M. M. Dostar, Analysis 
liquid fracture in denes zone of FAE system with numerical and 
experimental method, Proceedings of The 1th International 
Conference High Energy Material, Tehran,  Iran,  2011.  (in  
Persian ) 

[14]  A. A. Masoumi, N. Dshteyan Gerami, M. M. Dostar, A. Mollaei, 
Analysis cloud dispersal of single effect FAE system with 
numerical and experimental method, Proceedings of The 1th 
International Conference High Energy Material, Tehran, Iran, 
2011. (in Persian ) 

[15]  A. A. Masoumi, N. Dshteyan Gerami, M. M. Dostar, Analysis 
cloud dispersal of  FAE system by numerical and experimental 
method, Proceedings of The 1th International Conference High 
Energy Material, Tehran , Iran, 2011. (in Persian ) 

[16]  A. Mollaei, N. Dshyeyan Gerami, A. A. Masoumi, A.R 
Khodaverdi P. farzanfar, Experimental study effect of termital 
mixtures in initiation of single effect FAE explosion, Proceedings 
of The 1th International Conference High Energy Material, Tehran 
, Iran, 2011. (in Persian ) 

[17]  A. Mollaei, S. M. Moosavi, I. Ahmadzadeh , R. Khodaverdi, 
Comparison between the shock Wave and chemical initiation in 
detonation of acetylene–oxygen mixtures, Combustion, Explosion 
and Shock Waves, Vol. 46, No. 6, pp. 666–671,  2010. 

[18]  M. Malekan, M. Mirzai, Modeling of crack growth in aluminum 
thin cylinders under gas detonation loading with adhesive element,  
Modares Mechanical Engineering, Vol. 12, No. 3, pp. 95-102, 
2012. (in Persian ) 

[19]  E. Predrag, J. Slobodan, M. dejan, Modeling of the metal cylinder 
acceleration under explosive loading, Scientific Technical 
Review,Vol. 63,No. 2,pp. 39-4,2013. 

[20]  A. Galehdari, A. Vafaisefat, D. Arozomandi, M. Shahabi,   Use of 
genetic algoritm for optimation of composit plan lamina under 
subwatering  explosive Loading with  abaqus and matlab, 
Proceedings of The 17th International Conference Mechanical 
Engineering,  Asfehan, Iran, 2009. (in Persian ) 

[21]  Z. Ximei, W. Yonghui, Modelling and dynamic response of steel 



    

-     

  

62  1395165  

reticulated shell under blast loading, Shock and Vibration,Vol. 20, 
pp. 19–28,2013. 

[22]  Y. K. Huang, Exploding Pressure Vessels Test on Zylon/epoxy 
Composite, Composite Part B: Enginering, 3th Eddition, pp. 117-
123, 2002. 

[23]  A. Hokin, D. Chapelle, M.L. Boubakar, A. Benamar, A. Bezazi,  
Experimental and analytical investigation of the cylindrical part of 
a metallic vessel reinforced by filament winding while submitted to 
internal pressure,  International Journal of Pressure Vessels and 
Piping,Vol. 86, pp. 649-655, 2009. 

[24]  S. Rahmati, A. Khani, Optimum multi-stage design of vessel 
under mix pressure, Mechanical Engineering of  Majlesi Islamici 
Azad Univercity, Vol. 1, No. 1, 2007. (in Persian ) 

[25]   M. H. Sabour, M. F. Foghani, Design of Semi-composite pressure 
vessel using fuzzy and FEM , Journal of Composite Materials, 
Vol. 17,No. 2, pp. 175–182, 2010.  

[26]  A. Onder , O. Sayman , T. Dogan , N. Tarakcioglu ,  Burst failure 
load of composite pressure vessels, Journal of Composite 
Structures, Vol. 89, No. 1, pp. 159-166, 2009.  

[27]  F.  H.  Abdalla,  S.  M.  Sapuan,  M.  M.  HAamdan,  B.  B.Sahari,  
Stress-strain distributions through the thickness of thick walled 
filament wound polymer composite tube under internal pressure 
loading, Journal of Polymer Materials, Vol. 28, No. 3,475-504, 
2011. 

[28]  U. Farooq, K. Gregory, Simulation of progressive failure 
prediction of filament wound composite tubes subjected to multiple 
loading With memberane-flexion coupling effects, ARPN Journal 
of Engineering and Applied Sciences, Vol. 5, No. 4, April 2010.  

[29]  H. Y. Chou, A. Bunsell, G. Mair, A. Thionnet, Effect of the 
loading rate on failure of composite pressure vessel , ASME  
Pressure Vessels and Piping Conference, Paris, France, July 14–
18, 2013. 

[30]  G. W. William , S. Shoukry , J. Prucz and T. Evans, Finite 

element analysis of composite over-wrapped pressure vessels for 
hydrogen storage, SAE International Journal of Passenger Cars - 
Mechanical Systems, Vol. 6, No. 3, pp. 1499-1504, 2013. 

[31]  S. Sulaiman, S. Borazjani, A. Roshanand, S. Heydaryan, Failure 
analysis of aluminum reinforced composite vessel, Applied 
Mechanics and Materials, Vol. 392, No. 1, pp. 178-182, 2013. 

[32]  G. Deng, Q. Li, L. Sun, J. Wang, X. Ling, Fatigue performance 
analysis of hoop-wrapped composite cylinders with pit defects on 
liner based on element birth and death method, ASME Pressure 
Vessels and Piping Conference , Anaheim, California, USA, July 
20–24 , 2014. 

[33]  C.  Zheng  ,  L.  Wang ,  R.  Li  and   Z.  Wei,  Fatigue  test  of  carbon  
epoxy composite high pressure hydrogen storage vessel under 
hydrogen environment,  Journal of Zhejiang University- Science A: 
Applied Physics & Engineering, Vol. 14, No. 6, pp. 393-400, 2013. 

[34]  A. R Ghasemi, A. Kazemian, M. Moradi, Analytical and 
numerical investigation of FGM pressure vessel reinforced by 
laminated composite materials, Journal of Solid Mechanics, Vol. 6, 
No. 1,  pp. 43-53, 2014. 

[35]   A. Hokine, A. Ghouaoula, F. Kara Achira, and S. M. Medjdoub, 
Analysis of failure pressures of composite cylinders with a polymer 
liner of type IV CNG vessels, International Journal of Mechanical, 
Aerospace, Industrial and Mechatronics Engineering,  Vol.  7,  No.  
pp. 148-152, 2013. 

[36]   AISI 4340 Alloy Steel (UNSG 43400), Accessed on 20 March 
2015; http://www.azom.com/article.aspx. 

[37]  All the Materials  you need for Scientific and Industrial Research 
and Manufacturing, Accessed on 20 March 2015, 
http://www.goodfellow.com/E/Carbon-EpoxyComposite-
Tube.html. 

[38]  J. M. Lifshitz, H. Dayan, Filament-wound pressure vessel with 
thick  metal liner, Composite Structures Elsevier Science, Vol. 32, 
No. 4, pp. 313-323, 1995. 
 


