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Abstract: The objective of this paper is to study the influence of corrosion and temperature variation on a 
CNG storage tank with a combined form consisting of a torus and a sphere, made of steel, for compressed 
natural gas (CNG) storage from the automotive industry. Numerical simulations had been performed to 
assess the influence of the corrosion and temperature variation on the state of stress and of the linear 
deformation values. A polynomial interpolation was applied to provide a comparison between the surfaces or 
curves.The 3-D (three-dimensional) model (modelled using the AutoCAD Autodesk 2017 software), was 
imported for numerical analyses to SolidWorks 2017 software). The results of analyzed cases can improve the 
fundamental understanding of the corrosion behavior of CNG storage tanks in exploatation environments. 

Keywords: Automotive industry, compressed natural gas (CNG) storage tank, industrial engineering design, 
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1. Introduction 

In the last few decades, the process of deterioration of materials due to the storage fuel tank’s 
interaction with interconnected components and corrosive environmental conditions has been 
deeply studied in the scientific literature, both theoretically and experimentally, in relation with a lot 
of factors (such as erosion, the degree of saturation with water, the elastic properties and the 
strength of the material, the pore structure of the material, volume change of the material, the 
volume changes of the material in pores, dissolution of a material and the associated chemical 
changes) [1]. Furthermore, in the scientific literature are presented new models for the competitive 
market of fuel storage tanks designed based on suitable strategies for reducing the impact of 
corrosion, and preserving the material integrity [2-7]. 
Generally, the fuel storage tanks are made of materials with good mechanical and chemical 
resistance; they have simple or complex geometric configurations, in a wide range of dimensions, 
with various engineering specifications, which combines design, functionality and performance [8-12]. 
Modern computer aided design (CAD) and computer aided engineering (CAE) analyses used in 
designing of the storage fuel tanks have become a part of product development process that offer 
a competitive advantage, without substantial investments, for reducing product design cycle by 
saving time, costs in set ups and manufacturing the physical prototypes [13-16].  
In the design and manufacturing strategies of the storage fuel tanks, priority research directions 
include optimization theory and algorithms for analysis, methodologies for multiscale deterministic 
models; alternative models of uncertainty and risk; integration of data and modeling [17-21]. 
For the 3-D (three-dimensional) design of the storage fuel tanks in accordance with the relevant 
guidelines and procedures outlined by the national/international standards [22-26] there are 
various valid implementations of mathematical methods [27-31] in more efficient algorithms and 
programs [32-36] to find the optimized solution according the criterion of optimality to satisfy the 
general structural design (In a hierarchical approach, the system, subsystems, components) [37-
42] and certification rules [43, 44]. 
In our research, the influence of corrosion and temperature variation on a CNG storage tank with a 
combined form consisting of a torus and a sphere, made of steel, for compressed natural gas 
(CNG) storage from the automotive industry was performed in accordance to the general structural 
design. 
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2. Design methodology  

2.1 Basic geometry of the parametric 3-D model 

Let’s consider the parametric 3-D model of a CNG storage tank composed by a torus and a sphere 
with eight intermediate bracelets as shown in fig. 1, as described in Ref. [18].  
 

                       

Fig. 1. The graphical representation of the parametric 3-D model of a CNG storage tank composed by a 
torus and a sphere with eight intermediate bracelets 

 

2.2 Numerical analysis of the parametric 3-D model 

Based on the physical model, the modeling was done in the AutoCAD Autodesk 2017 software [45] 
and the numerical analysis was performed with SolidWorks 2017 software [46] with the Static, 
Thermal and Design Study modules. The design data used were: 
▪ the tank material is AISI 4340 steel; the intermediate bracelet type element is AISI 1045 steel; 
▪ the maximum hydraulic test pressure: pmax = 300 bar; 
▪ the working temperature between the limits: T = -30 0C  up to T = 60 0C; 
▪ the period of the tank exploitation: na = 20 years; 
▪ the corrosion rate of the material: vc = 0.06 mm/years. 
▪ the fuel stored in the tank is CNG with a density of ρ = 20.5 kg / m3. 
The values of the state of stress Von Mises for spherical and toroidal covers determined by the 
finite element method are shown in tables 1 and 2. 

 
                                                                              Table 1: The Von Misess effort for the spherical cover 

 [MPa] na years] The spherical cover 

T [°C] 0 5 10 15 20 

-30 650.99 655.91 665.28 669.9 672.79 

-20 646.53 651.54 660.33 665.2 668.34 

-10 642.09 647.19 655.41 660.52 663.9 

0 637.67 642.87 650.51 655.87 659.49 

10 633.28 638.57 645.23 651.25 655.1 

20 628.92 634.29 640.81 646.65 650.74 

30 624.58 630.04 636.42 642.09 646.41 

40 620.27 625.82 632.06 637.56 642.1 

50 615.99 621.63 627.72 633.06 637.83 

60 611.75 617.47 623.42 628.59 633.59 

 
       

 
 
 
 

b) a) 
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       Table 2: The Von Misess effort for the toroidal cover 

 [MPa] na years] The toroidal cover 

T [°C] 0 5 10 15 20 

-30 558.44 570.27 613.23 636.09 625.65 

-20 550.12 562.4 609.99 632.87 622.5 

-10 542.02 544.73 606.88 629.8 619.49 

0 534.14 547.3 603.92 626.9 616.63 

10 526.53 540.12 606.41 624.18 613.93 

20 519.22 533.24 603.89 621.67 611.41 

30 512.23 526.67 601.59 619.36 609.09 

40 505.61 520.44 599.52 617.27 606.98 

50 499.44 514.62 597.7 615.41 605.11 

60 493.7 509.02 596.11 613.79 603.48 

 
The graphs and laws of the variance of the Von Misess effort, calculated through a polynomial 
interpolation using Microsoft Excel 2017, taking into account the results from table 1 and 2, are 
graphically shown in fig. 2. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
        a)                       b) 

 
 
 
 
 
 
 
 
 
 
 
 
 
                              c)                       d) 
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e) 

Fig. 2. The graph of Von Mises stress  = f(T) for spherical and toroidal covers 
 

The graphs of 3-D surfaces corresponding to the Von Mises effort  = f(T, na) taking into account 
the results from table 1 and 2, are graphically shown in fig. 3. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3. The graphs of 3-D surfaces corresponding to the Von Mises effort  = f(T, na) for: a) spherical and b) 
toroidal covers 

a) 

b) 
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The resulting value of maximum Von Mises stress occurs at a minimum temperature of T = -30 0C 
and a maximum linear deformation at a temperature of T = 60 0C. 

Distributions of the state of Von Mises stress for the storage tank corresponding for na = 0, 5, 10, 

15, 20 years are shown in fig. 4. 
 
 
 
 
 
 
 
 
 
 
 
              a)            b)        c) 

 
 
 
 
 
 
 
 
 
 
 
 

                                 d)             e) 

Fig. 4. The graphs of distributions of Von Mises stress  = f(na) for the storage tank: a) na = 0 years; b) na = 5 
years; c) na = 10 years; d) na = 15 years; e) na = 20 years 

 

The values of the resultant linear deformation for spherical and toroidal covers determined by 
numerical analyses are shown in tables 3 and 4. 
 
                                                                      Table 3: The resultant liniar deformation for the spherical cover 

u 
[mm] 

na 
years] The spherical cover 

T [°C] 0 5 10 15 20 

-30 2.809 2.837 2.983 2.832 2.920 

-20 2.879 2.907 3.056 2.899 2.997 

-10 2.949 2.977 3.129 2.966 3.069 

0 3.018 3.047 3.202 3.034 3.141 

10 3.088 3.118 3.500 3.101 3.212 

20 3.158 3.188 3.575 3.169 3.284 

30 3.228 3.258 3.650 3.236 3.356 

40 3.298 3.328 3.725 3.304 3.428 

50 3.368 3.399 3.800 3.371 3.500 

60 3.438 3.469 3.875 3.439 3.573 
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                                                                Table 4: The resultant liniar deformation for the toroidal cover 

u [mm] na [years] The toroidal cover 

T [°C] 0 5 10 15 20 

-30 1.571 1.589 1.718 1.703 1.740 

-20 1.588 1.606 1.735 1.718 1.757 

-10 1.606 1.624 1.751 1.733 1.774 

0 1.623 1.641 1.768 1.748 1.792 

10 1.641 1.659 1.955 1.763 1.809 

20 1.659 1.677 1.972 1.779 1.827 

30 1.677 1.694 1.990 1.795 1.845 

40 1.695 1.712 2.008 1.811 1.741 

50 1.713 1.731 2.026 1.827 1.881 

60 1.731 1.749 2.045 1.843 1.900 

 

The graphs and laws of the variance of the resultant linear deformation, calculated through a 
polynomial interpolation using Microsoft Excel 2017, taking into account the results from tables 3 
and 4, are graphically shown in fig. 5. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
          a)                       b) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                 c)                       d) 
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e) 

Fig. 5. The graphs and laws of the variance of the resultant linear deformation u = f(T) for spherical and 
toroidal covers 

 
The graphs of 3-D surfaces corresponding to the resultant linear deformation u = f(T, na) taking into 
account the results from tables 3 and 4, are graphically shown in fig. 6. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 6. The graphs of 3-D surfaces corresponding to the resultant linear deformation u = f(T, na) for:              
a) spherical and b) toroidal covers 

 

a) 

b) 
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Distributions of the resultant maximum liniar deformation at a temperature of T = 60 0C for the 

storage tank corresponding for na = 0, 5, 10, 15, 20 years are shown in fig. 7. 
 
 
 
 
 
 
 
 
 
 
 
                 a)       b)                c) 

 
 
 
 
 
 
 
 
 
 
 
                                        d)                 e) 

Fig. 7. The graphs of distributions of the resultant liniar deformation at a temperature of T = 60 0C, u = f(na) for 
the storage tank: a) na = 0 years; b) na = 5 years; c) na = 10 years; d) na = 15 years; e) na = 20 years 

 

The parameters  = f(T, na) and u = f(T, na) for the spherical cover are given in tables 5 and 6. 
 
                                         Table 5: The variation of the Von Mises effort  = f(T, na) for the spherical cover 

 [%] T [°C] The spherical cover 

na [years] -30 -20 -10 0 10 20 30 40 50 60 

0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

5 0.76 0.77 0.79 0.82 0.84 0.85 0.87 0.89 0.92 0.94 

10 2.15 2.09 2.03 1.97 1.85 1.86 1.86 1.87 1.87 1.87 

15 2.82 2.81 2.79 2.77 2.76 2.74 2.73 2.71 2.70 2.68 

20 3.24 3.26 3.29 3.31 3.33 3.35 3.38 3.40 3.42 3.45 

 
                          Table 6: The variation of the resultant liniar deformation u = f(T, na) for the spherical cover 

u [%] T [°C] The spherical cover 

na [years] -30 -20 -10 0 10 20 30 40 50 60 

0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

5 0.76 0.99 0.98 0.97 0.95 0.95 0.93 0.92 0.92 0.91 

10 2.15 5.84 5.80 5.77 5.74 11.76 11.65 11.55 11.45 11.35 

15 2.82 0.79 0.69 0.59 0.50 0.41 0.33 0.24 0.16 0.09 

20 3.24 3.80 3.95 3.92 3.89 3.86 3.84 3.81 3.79 3.77 
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The graphs of 3-D surfaces corresponding to the parameters  = f(T, na) and u = f(T, na) for the 
spherical cover taking into account the results from tables 5 and 6, are graphically shown in fig. 8. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 8. The graphs of 3-D surfaces corresponding for the spherical cover: a)  = f(T, na), and b) u = f(T, na) 
 

The parameters  = f(T, na) and u = f(T, na) for the toroidal cover are given in tables 7 and 8. 
 

                                         Table 7: The variation of the Von Mises effort  = f(T, na) for the toroidal cover 

 [%] T [°C] The toroidal cover 

na [years] -30 -20 -10 0 10 20 30 40 50 60 

0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

5 2.12 2.23 0.50 2.46 2.58 2.70 2.82 2.93 3.04 3.10 

10 8.93 9.81 10.69 11.55 13.17 14.02 14.85 15.66 16.44 17.18 

15 12.21 13.08 13.94 14.80 15.64 16.48 17.30 18.09 18.84 19.57 

20 10.74 11.63 12.51 13.38 14.24 15.08 15.90 16.70 17.46 18.19 

 
                          Table 8: The variation of the resultant liniar deformation u = f(T, na) for the toroidal cover 

u [%] T [°C] The toroidal cover 

na [years] -30 -20 -10 0 10 20 30 40 50 60 

0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

5 1.18 1.15 1.13 1.12 1.10 1.09 1.07 1.05 1.03 1.02 

10 8.59 8.45 8.32 8.20 16.06 15.90 15.75 15.61 15.47 15.33 

15 7.76 7.54 7.34 7.15 6.95 6.77 6.59 6.42 6.25 6.09 

20 9.72 9.62 9.51 9.41 9.30 9.21 9.11 2.68 8.95 8.87 

 

a) 

b) 
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The graphs of 3-D surfaces corresponding to the parameters  = f(T, na) and u = f(T, na) for the 
toroidal cover taking into account the results from tables 7 and 8, are graphically shown in fig. 9. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 9. The graphs of 3-D surfaces corresponding for the toroidal cover: a)  = f(T, na), and b) u = f(T, na) 

3. Discussion 

Following the numerical analyses and the resulting graphs it has been found that: 
- the evolution of corrosion over time implies the decreasing of the thickness of the tank covers, 
which directly determine the increasing of the Von Mises stress state (tables 1-4); 
- with the decrease of the temperature, the state of effort increases and reaches a maximum value 
corresponding to T = -30 0C; at the same time, a decrease of the state of effort is observed with the 
increasing of the temperature, reaching an appropriate minimum value for T = 60 0C (fig. 2). 
- the resulting linear deformation decreases at negative temperatures and increases at positive 
temperatures (fig. 5); also the increase of the corrosion always determines the increase of the state 
of deformation due to the decrease of the thickness of the walls (under a constant pressure); 

- the parameter  increases with the increase of the na parameter in the tank covers (fig. 8), with 

higher values in the toroidal cover; also in the toroidal cover the parameter u increases with the 
increase of the na parameter (fig. 9). 

4. Conclusions 

These numerical analyses can be applied in the design phase of a CNG storage tank composed of 
a torus and a sphere, made of steel, used in the automotive industry. 
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