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In the present study, failure strength of the type-1V CNG fuel tank under burst pressure test in both constant
and variable thicknesses was analized using finite element simulation. Afterward, optimal fiber twist angle
was optimized to achieve maximum resistance to burst pressure in both models. To this end, the test
specifications stated in NECE R 110: 2016 standard and von Mises yield criterion were used to determine the

critical area which is prone to failure in the tank. The simulation results showed that the separation occurred in

gﬁ,yewfuﬁs{ank the lower flange of the tank and the location of the low curvature shell in the tank with the constant and
Type-1V composite tank variable thicknesses, respectively. Validation of presented finite element simulation for prediction of burst
Fiber twist angle pressure in both design modes, including constant and variable thicknesses, using the technique of comparison
Burst pressure with experimental results showed that an acceptable agreement was established between the experimental and

Failure zone numerical results. Also, the results showed that the optimal fiber twist angle to achieve maximum resistance to

burst pressure for both design cases (constant and variable thicknesses) was 23° (670 bar) and 15° (780 bar),
respectively. Finally, applying the results of this study can lead to a 22% increase in the failure strength of the
type-1V composite tank.
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Table 3 Tensile and shear strength of composite material with different
thicknesses

(MPa) alSoxul
(*x¥) 22 &Ik Jsb )5k (mm)
11/57 129/4545 132/1818 11 20
4l6 53/0909 53/4545 4/4 8
3/50 39/6363 40 313

Cwoloes Slass

SejeelS Ay

o9 |

08

Mesh quality

o7 | e

06

5 7 9 & 13 15 17 19 21
Mesh size (mm)

1
0.9

os - -

Mesh quality
!
3

0.7 4

[:X3

o 50 100 150 200 250

Number of elements ‘Theusands

oledl slass (B e 03105l (Al s cainsS (slo oges 4 S5
Fig. 4 Mesh quality diagrams A) mesh size and B) number of elements

24



Ve 9 5 05 (5095 Juzo o GBI S A/ S 93l i jg20lS Sl 03ub Al CNG agun )jste JUd) S (5)lw dauids

25

[ -1.1831e8
[ -1.535¢8

5.7665e7 Max
2.247e7
1272407
-47919e7
-8.3114e7

-1.887e8
-2.2380¢8
-2.590%2 Min

()

Q

@Y
' 3
0.000 0100 0200 (m)
— 1

0050 0150

8.3807e7 Max
3867
-6.606626
-5.1813e7
-9.702e7

| -14223e8
1874388
-2.3264e8
-2.7785e8
-3.2305e8 Min

X

® ¥
- 0.000 0.100 0.200 ¢m)
1

-1.6956e8
-1.994828 Min

0.000 0.100 0.200 (m)
1

1.27628 Max
2.7818e7
6.8036e7
3.8253e7
846996
-2.1313e7
-5.1096e7
-8.0879e7
-1.1066e8
-1.404428 Min

()

0.000 0100 0,200 (m
1

0.050 0.150

6.0865e7 Max
4.7306e7
33747e7
2,0188¢7
6.6202e6
+6.0208e6
-2.0489e7
-3.4048e7
-4.7607e7
-6.116627 Min

0,000 0.100 0.200 (m)
1

0.050 0.150

G e g ol Culro b (b cd g0 0 ol A
el sty 35 2l Pl Sgup kit

zW-3
ol Cwolded U o350 yo id Judexi -1-3
AL G 5o ead sbml e (58 Jolee A5 98
el oo o0ls Lz B JSs o ol cals 38,8

GRS o yien el akie B S8 5l a5 jsbjles
G om Jlail g omb mild Cend )3 e (8 Jolas
335 s9a> 4 ol Llade g conl sols &b b suieels
ol Aol s o5 e ol S Ll 5l el JSllSe
1wl Hai 0,90 loawz L W/gmfyl sl CojeelS
) sl w4l o g (FujeelS g Ced 5 (55
@ aesee £ e Sl omlb mls Gl g 9gd oo CuSS
SL,gils gl 4 (5 addie (n o, (s jslaie
5 ol o cilizes Sl o (b 5 Jley) A5 €l
sl oo axlo T JSs b gollae 35
i Tydy 1SS 50 ead all sloyyils 4 4z b
30 ey S ddlie 4y by ol S diliog S Codl
GG diion wizmed g Sl (TS5 51 8 o) XY amio
» oS 4 Jly sbgis sleadie 4 by o)led
US ol 5l Wl g o glaysnlS b lagye X o Y glalind,
O bigjeels g lud sl ojlgan Ko B)b 5l ol
Ol hicwl ey jamels paiS sl 5l S Lo Calye
S ke 4y G A 4 0l ol (i )
b @lhae Y bisly 5o Jloy a5 (A5 adlie (n o e
ol 1S 0 0o ) 25 gl

3.3492e8 Max
2.977e3
2.6040e8
2.2328e8
1.8606e8
1.4885e8
1.1164e8
7.4426€7
3.7213e7

0 Min

X e

0.100 0.300

ol s b 35 0 oads ool juae (98 Jolae i3 ,eulS 6 JSib
ONS 5 Led ce

Fig. 6 Contours of the equivalent Von Mises stress created in the tank
under bursting pressure

0.000 0.200 0.400 (m)
L I ]

7 o)losis 8 )93 b1400)4(eig|)._3| g5 9wl wiiiwe



Ubed 9 505 5095 Juzmo

o B )Y A/ S 93l s jg20lS Sl 03ub Al CNG cagun jste JUd) 3 (5)lw dauids

Silotee 5l ead gl @b) 4 Jpz 4 a2s b
oy s (399 LS dieS a5 Cawl Lasuie (Sg0e L]l
O Al yeimed Ogs Jlg> a0 23 agly 50 ool
4 e odal Consy alpy gl b Bl Guns (998 Jolas
5l odal Candy S A Cand 5 (0w, 18/39 uals
Cals boas,o 17 pons agly slp ogame oldl s
b oo yie o 44 il

5 BUl s dip sy e o adlllas ool
Sldlle plo mbls L el cwbes L 5w 2Lk cd
g 43l [3] orilae 5 oigylue ol anglie LB ali
ALyl 4 5 nisels JLid cos 55 p0 S iy
e gl e [11] San 5 00,3 wiogei S5)l35 az o
15 boplp 1y ol cwles b (256005 (300 o BLI ey
PRI IRV T 550 L oplp SauSy ,lad g a0
aiplm (Sl (9l 3P 50 SU i a4l
a>,0 60 b 50 sogame yo [4] o) Ken § Bl0 lawgs
Kan 5 gl Langs ot ol anlllae o el 00y 155
55 L plp SUI Loy aige 4y Hlads 55 2009 JLo o
sl abie glopiie [5] conl oasl casn ax e
390 iy 9 Sl g SU Gimn 0 )28 slacudgase
sleayy olaxi 5 (ioes 0556 axdllas 550 (35 £93 ool
0yelS) olStolesl Ll 5 eolitul )50 gz £33 L
g ool jo ag s (85 i o (Sl oop
w515 g0 HS S0 Jelge ple 5 QBaSadss g Sk
50 odel Caway BUIN s aie agly ol S o
[24 15] swcsb azzls ids calisee Slallas

O b Ao )3 oae @bt (S Ao jolaie o
A4 =ols cols b o35 diges sae o coli Cuwls L
Cowd 4 s b Gillas 4z ;0 23 B aige a5y 5 2o les
g5l Pl 5l e el so atle goue Judog 5l eul
JLad 5o cal culs b (jeelS G5 0 (S5 L
mils 5 ool gl ke o cwSd b 675 el
Sy D9 Seomw a0y OLB b g laz (35 5l sagaiasl]
aSSla g Ul 5l a0 lass ol oyl (8 Usz) ol ous
O Slrm ol 58 Sl culis b goue Julos 5w 5o
I 0gr 00l (sl (SReeelS 3o @ mild Jlail e o
SIS amo ad 225 G9e3] 0 seseieesl] @l Gl
Oy gl Pl o5 ol (lis gone Jlod A b
30 s O 9l £aoge () g oolidl lasl L 675 Lz o

7 o)losis 8 ©)93 1400 Mol pl 35 9 il wadie

6.4934e7 Max
5.0805€7
3.6675¢7
2.2546e7
8.4166e6
-5.7128¢6
-1.984267
-3.3971e7
481077
-6.223e7 Min

0.000 0100 0200 (m)
1

O 6y 3l Glime ddlaie o il Sl 0 i sle,esls T S
3 oy i (o X bl 5o Jlop i (i Jelss coli colses
(5 XY amio jo oy s (0 Z lind, jo Jloys (i (g Y b,

YZ amio y3 by s (0§ XZ ambio p (b s
Fig. 7 Tension contours in different directions in the critical area of the
tank body with constant thickness include: a) normal stress in X
direction, b) normal stress in Y direction, ¢) normal stress in Z direction,

d) shear stress in XY plane, and) shear stress in XZ plane and €) shear
stress in YZ plane
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Table 4 The results obtained from finite element simulations for
different fiber twisting angles
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Fig. 8 Tank failure area under bursting pressure test
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with variable thickness under bursting pressure
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Table 5 The results obtained from finite element simulations for
different fiber twisting angles
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Fig. 11 Failure area of the tank with variable thickness under bursting
pressure test
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Fig. 10 Tension contours in different directions in the tank body with
variable thickness include: a) Glass/Epoxy composite (thickness of
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Aluminum upper flange and f) Aluminum lower flange

Slade oo idos oS Col Lakin raog 4 10 S8 o
29 b @ 4 (e bl 4ol ) e (98
o ghe 414 oo gl 313 3 e Cwlbrs s JolBos
P XY amio o Jhyp i adlie |y S0 iy g 00ls F
A Cd (6t Comsla Gl 059008 gy Culses
Sonte sbwly po BUI cilize oy sblyy (owyp s
NG P d..:|)‘5 de.?- 9O O G:LQ) f&?u.w" |

gly )0 Jams (98 LS AaS a5 Sl Lis D Jgum ol
G5 A aioed (Ogr dbles ax 0 15 BUI aigs ior
@ e odel Cands aig agly b bl juae 99 Jolae
5ol Cands @l 4 cans i gowys 22001 als
oo Caalbes b a0 17 augly b ollas ogume Ll o
Al o

Cawlo b 5 2hb jo goae s mls oo Lel
S5 ool b cod azys 10 ang agl 5 i
oS (11 JSa) el o plosl s jlasliw] JS5g, b gllae
Jolox o g ol mld a4 e Yol Al o 55
B! yioides A4 o o doe 313 51 (e Culis i
Shre a4l e a5 el Jb om0l el ool
Cwles b goae Judow bl (o ol mild 4 oo lolisd!
YL ol 5l las ileands (6,185 aomo aul fpeud ke
33 O CaSS uizmes 318 (g0 g (0 i @l

28



Ubed 9 505 5095 Juzmo

o GBI S A/ S 93l i jg20lS Sl 03ub Al CNG agun )jste JUd) S (5)lw dauids

Sl Geizen 0sdige (S8 o2 slapses] Ll
glo ol, o5,8 prome bole pae o oging Guaige U
ol pll 5o e )lie 5 ogasl ladigal antd plaie &0 S

Sl ,Sas JleST gl

&1 -6

[1] http://www.opec.org/library/Annual%?20Statistical%
20Bulletin/interactive/current/FileZ/Main.htm Marke
ted Natural Gas Production. OPEC Statistical
Bulletinn, 2014.

[2] M. Nirbhay, S. Juneja, A. Dixit, R. Misra, K. S.
Sharma, Finite element analysis of all composite
CNG cylinders, Procedia Materials Science, Vol. 10,
pp. 507-512, 2015.

[3] P. Dinarvandi, H. Mozaffari, Simulation and study
of thermal and mechanical buckling of thin-walled
composite tanks under pressure using finite element
analysis. The first annual national conference on
mechanical engineering and industrial solutions,
Kerman, Iran, June 12-14, 2015. (in Persian ~_\)

[4] S. Sarafan, M. Tahani, M. Mirzababaei, M. Sharifi,
Optimization of high pressure thick composite wall
tanks, 12th National Conference on Manufacturing
Engineering, Tehran, Iran, May 11-13, 2011. (in
Persian %)

[5] Onder, O. Sayman, T. Dogan, N. Tarakcioglu, Burst
failure load of composite pressure vessels.
Composite structures, Vol. 89, pp. 159-166, 2009.

[6] M. Zohoor, S. Saffar, M. H. Sadafi Tehrani, Design
of compact natural gas (CNG) tanks for automobiles,
Majlesi Journal of Mechanical Engineering, Vol. 1,
pp. 12 56-1267, 2007. (in Persian _\8)

[7] M. Heidari Rarani, M. Ahmadi-Jebeli, Finite element
modeling of destruction in type IV composite
pressure reservoir using WCM extension in
ABAQUS software, Journal of Modares Mechanical
Engineering, Vol. 18, pp. 32-45, 2018. (in
Persian %)

[8] Khani, A. Vafaee-Sefat, S. Rahmati, Weight
Optimization of a Composite Shell in Type 4
Pressure Vessels by Genetic Algorithm, Journal of
Aerospace Mechanics, Vol. 2, pp. 458-469, 2006.

[9] P. M. Patel, J. Rana, Design & Optimization of
LNG-CNG Cylinder for Optimum  Weight,
International Journal for Scientific Research &
Development, Vol. 1, pp. 256-263, 2013.

[10]D. S. Son, S.H. Chang, Evaluation of modelling
techniques for a type Il hydrogen pressure vessel
(70MPa) made of an aluminum liner and a thick
fiber/epoxy composite for fuel cell wvehicles,
International Journal of Hydrogen Energy, Vol. 37,
pp. 689-699, 2012.

[11]Farhood, N. H., Karuppanan, S., Ya, H. H., &
Baharom, M. A. (2017, December). Burst pressure
investigation of filament wound type IV composite
pressure vessel. In AIP Conference Proceedings
(Vol. 1901, No. 1, p. 030017). AIP Publishing LLC.

29

28 (o0 LA (e (pl dmgi g (b 50 ) ST (anlo
S S g (P o i o adlllae cnl o9, o0l
I 53 3 4 g5 iseelS pled sy 34 oS (xb
R e 49y et g e g Sl Cula b (b
Oyt 2 ploeil Sgase Lol (g5luwads sl oslanl b SLJI
Slge Do a4 Glg o 1) dslllas by sl Ceway gLl
2ges Gl 25

b )0 jese (998 Jolae IS (i 4 429 b -
Alide S g3 a0 lp 5 i n o e (Sl
el Caws 4y b

oolitul b 35 (oleg plSoinl Coaglia (ol 31 jolaie 4=
GL Gl i bl adlas 5l Jols mls
5 <l calrs b it sl SU G agly o A
2315 5z 0 2B Ll iy 4 paie Culis L (5

Loawolio o it Culis b (2lb (i s -
b geil 5o @il Gllaz [Sie g8 » opdle ol Culies
e cole adsl Gl 4 Cons ol culrs L SuS s
Lulys 5l VG 5 ol pllosl azg LB oge 5l olad
730) s jlasbil JSS50 b Billae (S5 5 oy905] Jlad anin
el (b

OBl 4 e Wl oo gl onl @S 65 -
4 s 2uieeelS ales (3o ales cenSis plSoeil %22/01
Dol L5 0550 Al LS 0 cuds gl

gt slocyges] ploul Jdo 4y aslllas ol 5l Jols> ol
L, 50 17025 o lasbn) comds glyls slaclKiole;l 5o
@ Wy oo (Ldp 55 ol 85,8 allab;] acgon)
O 53 lde Slalllas plo 2o D5, 6l (220 Slge
4 g8 Simels O 0 SU Gl ane al
G azgi boyS 8 arg 0,50 ol Il b sl STy
a8 F Ogo W et alex 5l addllae oyl a5y
Sl 5o SUI o de sy et de 50 5985 whaw
Calnd b4 g9 (Si9mal w51k (xS o5 ()b
Olsie a4 Wlgige 4y I 4 Ll g, wiliee s
9 03l nl (b akse) o cal Sldllas plo 6l (ol
DS 8 eolaiul 8,90 S Oladod drwgs

Sl 35wl -5
Silwpalp Cox Ly 58 jaile ‘smli&iuﬂ acgoze |

7 o )louis 8 055 1400 Mol pl 35 9 il wadie


http://www.opec.org/library/Annual%20Statistical%

Ubed 9 505 5095 Juzmo

o B )Y A/ S 93l s jg20lS Sl 03ub Al CNG cagun jste JUd) 3 (5)lw dauids

compressor impeller blades based on FEA,
International Journal of Emerging Technology and
Advanced Engineering, Vol. 7, pp. 6-11, 2017.

[19] Amiri  Asfarjani, S. Adibnazari, K. Reza
Kashyzadeh, Experimental and finite element
analysis approach for fatigue of unidirectional
fibrous composites, Applied Mechanics and
Materials, Vol. 87, pp. 1158-1168, 2011.

[20]ANSYS Inc. ANSYS Contact Technology Guide,
ANSYS Release 14.0 Documentation.

[21]S.B. Zarandi, H.W. Lai, Y.C. Wang, S. Aizikovich,
Residual stress analysis of an orthotropic composite
cylinder under thermal loading and
unloading. Symmetry, Vol. 11, No. 3, pp. 320, 2019.

[22]S. Biradar, S. Joladarashi, S.M. Kulkarni, Analytical
and FE analysis of Al 6061 T6 and laminated
composite LPG cylinder. Young, Vol. 7850, No.
2770, pp. 1590, 2017.

[23]11SO 11119-3:2013, Gas cylinders -Refillable
composite gas cylinders and tubes-Part3: Fully
wrapped fibre reinforced composite gas cylinders
and tubes up to 450 | with non-load-sharing metallic
or non-metallic liners.

[24JUNECE R 110: 2016, CNG Fuelled vehicles-
Specifications and test methods of CNG components
and their installation requirements.

7 o jlouis 8 055 1400 Mol pl 35 9 il wadie

[12] National Standard Organization of Iran, 2020.
Official website of the National Standard
Organization of Iran (http://www.isiri.gov.ir).

[L3]E. Debondue, Glass composite offers benefits for
CNG tanks. Reinforced Plastics, Vol. 55, No. 5, pp.
32-35, 2011.

[14]1K.R. Kashyzadeh, S.S. Rahimian Koloor, M. Omidi
Bidgoli, M. Petri, A. Amiri Asfarjani, An Optimum
Fatigue Design of Polymer Composite Compressed
Natural Gas Tank Using Hybrid Finite Element-
Response Surface Methods. Polymers, Vol. 13, No.
4, 483, 2021.

[15] M. Nouri, F. Ashenai-Ghasemi, G. Rahimi-Sherbaf,
K.R. Kashyzadeh, Experimental and Numerical
Study of the Static Performance of a Hoop-Wrapped
CNG Composite Cylinder Considering Its Variable
Wall Thickness and Polymer Liner. Mech. Compos.
Material, Vol. 56, pp. 339-352, 2020.

[16]Rad Sane Atti Industrial Group, High Pressure Full
Composite Cylinders Manufacturer (Type 1V), 2000.

[L7]1E. Ghali, Uhlig's Corrosion Handbook, Second
Edition, Edited by R. Winston Revie. John Wiley &
Sons, 2000.

[18]K. Reza Kashyzadeh, S. Alipanah Kivi, M.

Rynkovskaya, Fatigue life  assessment  of
unidirectional ~ fibrous  composite  centrifugal
30


http://www.isiri.gov.ir).

