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Abstract 

The lightweight design of the rocket motor tube is a critical 

requirement for enhancing the rocket's flight performance. This 

study assesses the impact of wall thickness, cap thickness, and 
fillet radius on structural strength and the optimization of rocket 

motor tube weight using the finite element method with the 

assistance of Ansys software. A total of 12 finite element model 

variations, utilizing Aluminium 6061-T6, were developed and 

subjected to a uniform internal operating pressure load of 10 

MPa. The design includes wall thickness variations of 8 mm and 

10 mm, cap thickness options of 25 mm and 30 mm, and fillet 

radius dimensions of 20 mm, 25 mm, and 30 mm, allowing for a 

comprehensive comparison to achieve the required minimum 

safety factor while minimizing structural weight. The research 

concludes that increasing the fillet radius is a more recommended 
approach compared to increasing wall thickness and cap 

thickness. The results indicate that Model 9, with wall thickness, 

cap thickness, and fillet radius dimensions of 10 mm, 25 mm, and 

30 mm, respectively, is the optimal choice due to its lightweight 

construction. 
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1 Introduction 
The rocket motor is an essential element of a rocket. Rocket 

engines often function in situations characterized by elevated 

levels of pressure and temperature. The rocket motor comprises 
tube components, propellant, an igniter, an insulator, a cap, a liner, 

and a nozzle [1], [2]. Out of all these components, the rocket tube 

has the greatest dimensions. The weight of the rocket tube is a 

crucial factor in determining the range of the rocket. 

The design of the rocket motor tube is generally determined by 

the internal pressure and the material employed. Rocket motor 

tubes with high internal pressure use thick-walled cylinders, and 

those with low internal pressure use thin-walled cylinders. Thin-

walled cylinders are often used in materials with high yield 

strength, whereas thick-walled cylinders are required in materials 

with low yield strength.  
Assuming that the rocket motor tube's insulator system 

performs properly and does not fail, the major need for the rocket 

motor tube is to endure the internal pressure it encounters. As a 

result, the choice of rocket motor tube material, even one with a 
low melting point, such as an aluminum alloy, is unimportant. The 

material utilized for this study was Aluminium 6061-T6, and it. 

The research looks into the design of rocket tubes with 

different cap thicknesses, tube thicknesses, and fillet radiuses. As 

in previous experiments, increasing the cap thickness, tube 

thickness, and fillet radius reduces the maximum von Mises stress 

and increases the safety factor [3], [4]. However, each increment 

in cap thickness, tube thickness, and fillet radius results in an 

increase in the weight of the rocket tube. This study aims to 

determine the optimal configuration that results in the lightest 

rocket tube while ensuring an acceptable safety factor, with a 
minimum threshold of 2, as a requirement for rocket flight testing, 

similar to prior research [3]–[10]. This value surpasses the safety 

factor required for rocket static tests, which is 1.5 [11]. 

Previous research determined the suitable design for rocket 

motor tubes with a 550 mm diameter; however, analogous studies 

for rockets with a 200 mm diameter have not been undertaken [3], 

[4]. In fact, the design of the rocket motor tube varies with 

different rocket diameters. Each rocket diameter serves a distinct 

purpose, with varying missions and range requirements. The 200 

mm diameter rocket in question was designed for trajectory 

correction purposes. 

The rocket tubes in this study feature variations in tube 
thickness, with options of 8 mm and 10 mm, cap thickness, with 

options of 25 mm and 30 mm, and fillet radius, which can be 20 

mm, 25 mm, or 30 mm. The selection of fillet radius changes is 

more important, since past research has shown that increasing the 

fillet radius is preferable than increasing wall thickness and cap 

thickness [3], [4]. 

The stress within the rocket motor tube is simulated using 

Ansys software to determine the optimal weight for the rocket 

motor tube while ensuring adequate safety factors. To date, Ansys 

software has demonstrated its capability in analyzing rocket motor 

tubes made from various materials, including composites and 
metals [12]–[14]. 

2 Materials and Methods 

The rocket motor tube utilized in this investigation was 

fabricated from Al 6061-T6, selected for its benefits which include 

moderate tensile strength, resistance to corrosion, and lightweight 

characteristics. The mechanical characteristics of Al 6061-T6,  

obtained from material engineering data in the Ansys software, are 

displayed in Table 1. 

 

Table 1. Mechanical properties of Aluminium 6061-T6. 

Material 
Density 
(g/cm³) 

Yield strength 
(MPa) 

Tensile strength 
(MPa) 

Young modulus 
(GPa) 

Al 6061-T6 2.71 259.2 313.1 69.04 

 

The rocket motor functions on the principle of the pressure 

vessel design, which involves the storage of propellant fuels [1]. 

Pressure vessels are classified as either thin-walled or thick-walled 

depending on their dimensions. A thin-walled cylinder is 

characterized by a wall thickness that is smaller than 1/20 of the 

inner diameter (Di), whereas a thick-walled cylinder has a wall 

thickness that is larger than 1/20 of the inner diameter (Di). 

This study used wall thicknesses measuring 8 mm and 10 mm. 
The cylinder is classified as a thin-walled cylinder due to its 8 mm 

wall thickness, which is less than 1/20 of its internal diameter. On 

the other hand, when the wall thickness is 10 mm, the cylinder is 

considered to be thick-walled because the thickness of the wall is 

greater than 1/20 of its internal diameter. 

Thin-walled cylinders experience stress in three directions: 

hoop (circumferential), longitudinal (axial), and radial. The stress 

equations for thin-walled cylinders in the hoop, longitudinal, and 

radial directions are given by Eq. 1 – Eq. 3. 
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(𝜎ℎ)𝑚𝑎𝑥 = (
𝑃𝑖𝐷𝑖

2𝑡
)   (1) 

 

(𝜎𝑙)𝑚𝑎𝑥 = (
𝑃𝑖𝐷𝑖

4𝑡
)   (2) 

 

(𝜎𝑟)𝑚𝑎𝑥 = − 𝑝𝑖   (3) 

 

The maximum stress equation for thick-walled cylinders in the 

hoop, axial, and radial directions are Eq. 4 – Eq. 6. 

 

(𝜎ℎ)𝑚𝑎𝑥 = 𝑝𝑖 (
𝑟𝑜

2+ 𝑟𝑖
2

𝑟𝑜
2− 𝑟𝑖

2)   (4) 

 

(𝜎𝑙)𝑚𝑎𝑥 = 𝑝𝑖 (
𝑟𝑖

2

𝑟𝑜
2− 𝑟𝑖

2)   (5) 

 

(𝜎𝑟)𝑚𝑎𝑥 = − 𝑝𝑖   (6) 

 

where: 
(𝜎ℎ)𝑚𝑎𝑥= maximum hoop stress (MPa) 

(𝜎𝑙)𝑚𝑎𝑥  = maximum longitudinal stress (MPa)  

(𝜎𝑟)𝑚𝑎𝑥= maximum radial stress (MPa)  

𝑝𝑖 = internal pressure (MPa) 

𝐷𝑖 = inner diameter of cylinder (mm) 

𝑟𝑖  = inner radius of cylinder (mm) 

𝑟𝑜 = outer radius of cylinder (mm) 

𝑡 = wall thickness of cylinder (mm) 

 

The von Mises stress analysis of the rocket motor tube was 

conducted using the finite element method with the assistance of 

Ansys software. Ansys is among the most widely used software 
for finite element analysis [15], [16]. It is also extensively 

employed for assessing stress concentration in both thick-walled 

and thin-walled cylinders [17]–[20].  

The reference model utilized in this investigation is a rocket 

motor tube, which may be classified as both a slender-walled and 

stout-walled cylinder, with an external diameter of 200 mm. The 

length of the cylinder in this model is 500 mm, and the wall 

thickness can range from 8 mm to 10 mm. The cap thickness can 

vary between 25 mm and 30 mm, while the fillet radius can be 

modified to either 20 mm, 25 mm, or 30 mm. 

The geometric arrangement of the thin-walled cylinder, 

referred to as 'Model 1', is depicted in Fig. 1. The simulation 
employed in this work utilizes a 90-degree section of the solid 

cylinder model.  The several configurations of the rocket motor 

tube's shape are outlined in Table 2. Table 3 presents the quantities 

of nodes and elements for different models. 

 

 
Fig. 1. Design geometry of thin-walled cylinder (Model 1) with 8 

mm wall thickness, 25 mm cap thickness, and 20 mm fillet radius. 

 
Table 2. Rocket motor tube design geometry variation 

Parameters Value 

Length of cylinder (𝐿) 500 mm 

Outer diameter of cylinder (DO) 200 mm 

Wall thickness (tw) 8 mm and 10 mm 
Cap thickness (tc) 25 mm and 30 mm 

Fillet radius (𝑅) 20 mm, 25 mm, 30 mm 

Internal pressure (𝑃) 10 MPa 

Mesh size 3 mm 

Table 3. The number of nodes and number of elements for various 

models. 

Model 
tw 

(mm) 
tc 

(mm) 
R 

(mm) 
Number of 

nodes 
Number of 
elements 

1 8 25 20 74680 42320 

2 8 25 25 73479 41547 

3 8 25 30 73008 41354 

4 8 30 20 74577 42458 

5 8 30 25 72686 41067 

6 8 30 30 74960 42662 

7 10 25 20 76354 43771 

8 10 25 25 76621 43911 

9 10 25 30 76192 43662 

10 10 30 20 76608 43954 

11 10 30 25 75348 43186 
12 10 30 30 75355 43178 

 

Fig. 2 depicts the boundary conditions for the finite element 

simulation of rocket motor tubes using Ansys software, including 

the loading condition (above) and frictionless support (below). 

 

 
Fig. 2. Boundary conditions for finite element simulation of rocket 
motor tubes using Ansys software: loading condition (above) and 

frictionless support (below). 

3 Results and Discussion 

The static stress analysis is crucial for the first and thorough 

evaluation of the performance of the rocket motor tube design. 

This chapter showcases the outcomes of finite element 

simulations, which are used to evaluate and compare the structural 

integrity and safety considerations of various parameters under 

investigation. 

Fig. 3 illustrates the highest von Mises stress (above) and the 

design factor of safety (below) for Model 1. This model has an 8 
mm wall thickness, 20 mm cap thickness, and 25 mm fillet radius. 

Table 4 provides a summary of the influence of wall thickness, 

cap thickness, and fillet radius on the maximum von Mises stress 

for all 12 models that were studied. 

Increasing the wall thickness, cap thickness, and fillet radius 

reduces the maximum von Mises stress. However, these three 

variations also result in an overall increase in the weight of the 

rocket tube (see Fig. 4). It's worth noting that all maximum von 

Mises stress values remain below the yield strength of Al 6061-T6 

material, which is 259.2 MPa. This implies that the rocket motor 

tube is considered safe for all variations, as yielding is one of the 

failure criteria the rocket industry recognises, in addition to 
potential cracking issues [21]. 

Fig. 4 provides a complete presentation of how the design 

safety factor and structural weight are affected by the wall 

thickness, cap thickness, and fillet radius. An increase in wall 

thickness, cap thickness, and fillet radius results in a 

corresponding increase in the design safety factor. Nevertheless, 

this augmentation is not inherently beneficial, as it results in an 

elevated mass for the rocket motor tube. Only three variations of 

the rocket model match the minimum safety factor criterion of 2 

for the rocket tube design. The lightest form of the rocket tube has 
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a wall thickness of 10 mm, a cap thickness of 25 mm, and a fillet 

radius of 30 mm. It weighs 12.10 kg. The rocket tube with the 
second lowest weight has a mass of 12.63 kg. This weight is 

obtained by using specific dimensions, including a wall thickness 

of 10 mm, a cap thickness of 30 mm, and a fillet radius of 25 mm. 

The third rocket tube, which is the heaviest among the lightest 
ones, has a weight of 12.79 kg. It has a wall thickness of 10 mm, a 

cap thickness of 30 mm, and a fillet radius of 30 mm. 

 

 

 

 
Fig. 3. Maximum von Mises stress (above) and safety factor (below) of a rocket motor tube with 8 mm wall thickness, 25 mm cap 

thickness, and 20 mm fillet radius. 

 

It can be concluded that none of the models using the smallest 

wall thickness of 8 mm met the requirements (failed) because the 

safety factor obtained did not exceed the value 2. Only three 

models, namely Model 9, Model 11, and Model 12, met the 

criteria. From this data, it is evident that increasing the fillet radius 

is more effective than increasing wall thickness and cap thickness. 
This study aligns with previous research results [3], [22].   

A change in geometric shape introduces additional stresses, 

known as stress concentrations, which go beyond the calculated 

stresses. The larger the fillet radius, the less impact stress 

concentration has on the critical stress area. In a closed cylindrical 

fluid container, the exerted pressure is distributed uniformly in all 

directions. Stress concentration can be mitigated in spherical 

pressure vessels due to the absence of sudden geometric changes. 

In theory, a spherical pressure vessel exhibits superior strength 

compared to a cylindrical pressure vessel with the same wall 

thickness and is an ideal shape for withstanding internal pressure. 
However, this doesn't hold for cylindrical pressure vessels, both 

thin-walled and thick-walled cylinders. In cylindrical pressure 

vessels, geometric variations in the fillet radius result in uneven 

stress distribution along the tube's wall. Consequently, if the fillet 

radius is small, deformation occurs more abruptly, limiting the 

capacity for even redistribution of internal pressure. As a result, 

actual stress exceeds theoretical stress at the bottom of the fillet on 

the narrower side. 

 

Table 4. Effect of wall thickness, cap thickness, and fillet radius 

on the maximum von Mises stress. 

Model 
tw 

(mm) 

tc 

(mm) 

R 

(mm) 

Maximum von Mises 

stress (MPa) 

1 8 25 20 190.09 
2 8 25 25 162.69 

3 8 25 30 141.83 

4 8 30 20 167.58 

5 8 30 25 147.08 

6 8 30 30 129.81 

7 10 25 20 156.67 

8 10 25 25 135.32 

9 10 25 30 117.72 

10 10 30 20 138.51 

11 10 30 25 120.80 

12 10 30 30 107.24 

 
Fig. 4.The chart of influence of different rocket motor tube models 

on safety factors and design weight (model failure criteria: safety 

factor < 2).  

 

Hoop stress is consistently tensile, and the maximum hoop 

stress always occurs at either the inner or outer radius depending 
on the direction of the pressure gradient [23]. In this study, the 

cylinder was subjected only to internal pressure, resulting in the 

maximum hoop stress occurring at the inner radius (𝑟 = 𝑟𝑖). 

Fig. 5 illustrates the maximum hoop stress (above) and 

longitudinal stress (below) for Model 1, which features a wall 

thickness of 8 mm, cap thickness of 20 mm, and a fillet radius of 

25 mm. The maximum stress values for hoop and longitudinal 

stress are 120.22 MPa and 55.09 MPa, respectively, with the 

highest stress occurring at node 355. 

Validation of the results was conducted by comparing the 

outcomes of the finite element simulation with the analytical 
calculations for the maximum hoop and longitudinal stresses, 

while considering fixed boundary conditions. Table 5 presents the 

comparison between analytical calculations and the simulation of 

maximum hoop stress, while Table 6 displays the comparison 

between analytical calculations and the simulation of maximum 
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longitudinal stress. The findings indicate that the percentage 

discrepancy for the maximum hoop stress in thin-walled cylinders, 
spanning from Model 1 to Model 6, is below 5 percent. The 

percentage error for the maximum longitudinal stress in thick-

walled cylinders, when comparing Model 7 to Model 12, is below 
0.5 percent. 

 

 

 

 
Figure 5. The maximum hoop stress (above) and longitudinal stress (below) of cylinder model 1 with 8 mm wall thickness, 20 mm cap 

thickness, and 25 mm fillet radius. 

 

Table 5. Comparative analysis of analytical calculations and 

maximum hoop stress simulation. 

Model 
Hoop stress-analytic 

(MPa) 

Hoop stress-FEA 

(MPa) 

Error 

(%) 

1 115.00 120.22 4.54 

2 115.00 120.22 4.54 
3 115.00 120.21 4.53 

4 115.00 120.22 4.54 
5 115.00 120.22 4.54 

6 115.00 120.21 4.53 
7 95.26 95.26 0.00 

8 95.26 95.26 0.00 
9 95.26 95.26 0.00 

10 95.26 95.25 0.01 
11 95.26 95.25 0.01 

12 95.26 95.23 0.03 

 

Table 6. Comparative analysis of analytical calculations and 

maximum longitudinal stress simulation. 

Model 
Long. stress-analytic 

(MPa) 

Long. stress-FEA 

(MPa) 

Error 

(%) 

1 57.50 55.09 4.19 

2 57.50 55.09 4.19 
3 57.50 55.08 4.30 

4 57.50 55.09 4.19 

5 57.50 55.08 4.30 
6 57.50 55.08 4.30 

7 42.63 42.58 0.12 
8 42.63 42.58 0.12 

9 42.63 42.58 0.12 
10 42.63 42.58 0.12 

11 42.63 42.60 0.07 
12 42.63 42.56 0.16 

4 Conclusion 

The research has examined the impact of wall thickness, cap 

thickness, and fillet radius on the structural strength and weight 

optimization of rocket motor tubes through the utilization of 

Ansys software. A total of 12 models were subjected to simulation 

using Ansys. The results of the finite element simulations indicate 

that increasing the fillet radius is more effective than increasing 

the wall thickness and cap thickness. The lightest rocket model 
was achieved with wall thickness, cap thickness, and fillet radius 

dimensions of 10 mm, 25 mm, and 30 mm, respectively, denoted 

as "Model 9". 
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