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                                                           Abstract  
            The invention of experimental sounding rockets has considerably improved the area of 

aeronautical engineering. However, experimental sounding rockets are rarely used for student 

research projects in Indian colleges. The scarcity of rocket motors is a significant impediment to 

deploying sounding rockets in research efforts. When developing sounding rockets for research and 

instructional purposes, we encountered this challenge due to sophisticated machining and explosive 

propellants. The major goal of this study is to design and build solid rocket engines that will be used 

to power experimental sounding rockets. An initial review focuses on the fundamental design, 

examining various approaches to propellant composition. Propeller availability, simplicity of 

production, and casting efficiency are all significant factors to consider while determining the best 

propellant deployment. Theoretical values are generated for combustion chamber parameters. 

         These data are used to create theoretical values for combustion chamber characteristics, and 

materials are chosen appropriately. A fundamental small-scale experimental design has been 

developed and thoroughly tested. After all testing and theoretical data have been incorporated, the 

final engine will be constructed and tested against the predicted power output of its two propellants, 

RNX and Candy Fuel. This document is a fantastic resource for students concerned with rocket testing 

since it outlines all of the pieces required to construct a rocket motor with a specific impulse of interest. 

Educational sounding rockets are utilized in educational sounding rockets for atmospheric and 

aerodynamic study. This engine is a low-cost propulsion system that may be utilized for research in 

domains other than aerospace. 

1. Introduction  
  

A solid rocket motor is a device that uses the gases condensed from a solid chemical combination as its 

propellant. The nozzle, casing, and bulkhead are the three components of the motor. 

 

The motor's nozzle, which generates thrust, is exposed to high temperatures and pressures for just a brief 

time. An extremely high-pressure and highly dangerous system is held together by the bulkhead and the 

casing, which also offer structural support. 

The paper focuses on the creation of "L" class solid rocket motors utilizing readily available commercial 

materials and chemicals as an alternative to traditional issues such as obtaining propellants, paying for 

pricey components, and machining intricate parts. Student researchers can experience and study the 

essential elements of rocket engineering practically through the creation of rocket motors. 

  

2. Operating Principle  
Figure 1 depicts the operating principle. The propellant is initially ignited and burns quickly, releasing gases. 

As a result of the enormous pressure that these gases create inside the combustion chamber, the nozzle 

becomes the only escape for the gases. 
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To make exhaust gases faster and supersonic at the nozzle's throat, the nozzle first minimizes the area of 

exit. 

 

The area increases as the nozzle opens, which causes the gases to expand more quickly and move at higher 

speeds. 

  
Figure 1: Behaviour of gases after the ignition of propellant inside the  

combustion chamber. 

 

Thrust is produced by the acceleration and the pressure differential between the atmosphere and the 

exit. The equation listed below determines thrust. (1) 

 

Where Ae is the nozzle's exit area, Ve is the exhaust velocity, pe is the exit pressure, po is the 

atmospheric pressure, and F is the thrust or force. 

  

Propellant  

A chemical mixture known as a propellant burns quickly when ignited. Oxidizers and fuel make up the 

majority of the propellant. Oxidizers supply oxygen for burning fuel. The ratio of these two elements changes 

the propellant's burn rate, which changes the chamber's characteristics. 

  

2.1- RNX 

The goal of developing an epoxy/potassium nitrate-based rocket propellant is the logical next step following 

my experience with sugar-based propellants. Although the sugar-based propellants are very nearly ideal for 

the beginner (as well as advanced) AER experimenter, they do have certain drawbacks. Key shortcomings lie 

in the physical and mechanical properties, such as brittleness, and their hygroscopic nature. Residual moisture 

present in the propellant after casting can also lead to inhibitor disbonding. Additionally, the fact that the 

sugar propellants are cast at elevated temperatures has always been a somewhat contentious This is an issue, 

despite experiments demonstrating the safety of this process, supported by the propellant's impressive safety 

record. The RNX composite propellants eliminate these issues, possess excellent physical and mechanical 

properties, have reasonable performance power, are non-hygroscopic, and are produced by a cold-casting 

technique. This latter feature, together with the use of the highly stable, low-energy KN oxidizer, makes for 

one of the safest-to-produce, safest-to-handle, and safest-to-use rocket propellants available to the AER 

enthusiast. 

 

 

What exactly is epoxy? The term "epoxy" is 

a prefix denoting an epoxide group's 

presence in a molecule. A family of 

thermosetting resins, epoxy resins are 

generally formed from low molecular 

weight diglycidyl ethers of bisphenol A 

(BPA). 

Epoxy resins can be cured with amines, polyamides, anhydrides, or other catalysts. Epoxy resins are widely 

used in the reinforced plastics field. They have good adhesion to glass (and other) fibers and in electrical 
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composites because their thermal expansion can be tailored to match that of copper. In addition, their low 

viscosities are effective in wetting various reinforcing materials. When cured, epoxies exhibit good resistance 

to heat degradation (a little ironic, perhaps). 

 

What specifically makes epoxy suitable for use in rocket propellant? Epoxy plays a dual role, serving as fuel 

and binder. As a fuel, epoxy has good combustion characteristics, with respectable energy content, and is a 

material that decomposes by pyrolysis (goes directly from solid to gas) upon heating. As a binder, epoxy has 

superb mechanical strength and toughness, good machineability (can be readily cut, drilled, milled, turned, 

etc.), is safe to use (with reasonable precautions), utilizes two-part curing (no evaporative solvents involved), 

and has low viscosity (allowing high solids loading). Epoxy's unique adhesive traits are also well suited to 

propellant usage. Epoxy bonds "like a bear" to most materials, making for superb bonding of grain inhibitor 

materials, for example. Conversely, epoxy has zero adhesion to certain materials, such as polyethylene. This 

is very convenient, allowing for easy removal from grain molds lined with polyethylene sheets. Epoxy has 

only slight adhesion to PVC, making this a good candidate for mold material. 

 

In addition to epoxy and potassium nitrate, a third constituent makes up the RNX propellant--Ferric 

Oxide (Fe2O3). Also known as iron oxide (common rust), this is the key ingredient that led to the successful 

development of the RNX propellant. Without Ferric Oxide, the formulation simply burns too slowly to 

produce a practical propellant. Small quantities of Ferric Oxide will increase the burn rate significantly, but 

the resulting formulation possesses a burn rate pressure exponent (symbolized as "n") that is too high to 

produce a successful propellant. After much development work, it is found that a relatively large percentage 

(8%) of ferric oxide provides the requisite traits -- moderate burn rate and reduced pressure exponent. 

 

2.2-Rocket Candy   

The second propellant, made of potassium nitrate and sugar, was utilized as a test fuel. Rocket motors use 

a 65/35 oxidizer-to-fuel ratio with potassium nitrate as the oxidizer and sugar as the fuel. 

 

The propellant is made by combining its components in the right ratio, combining them with water, letting 

the water evaporate, and maintaining a temperature of around 130 °C to create a semi-solid mixture, which 

is then cast into the desired mold. A flame temperature of 1347 C was recorded during the test. 

  

  

    
  

Figure 3: Independent burn test of rocket candy (left), flame temperature test of rocket candy (right).  

  

2.3 Propellant Selection 

Rocket candy is chosen for the final testing after taking into account the properties of both and evaluating 

them on the basis of the following criteria. 

 

.)Compared to RNX, rocket candy has a higher flame temperature. 

.) Due to Epoxy's higher density and hence higher propellant mass, RNX weighs more. 
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3. Design  

3.1 Initial design  

 

Paraphrased Text 

The Motor has three basic parts: head, combustion chamber, and nozzle section. They are 

separately manufactured, simplifying the loading and the propellant and ignition system. 12 screws 

are used with an aluminum snap ring. This is designed to separate the two segments). The 

prototype has two sabot segments, each with a length of 150 mm, a core diameter of 27 mm, an 

outer diameter of 70 mm, and a constrained outer surface. The total grain mass is 3.256kg and 

the total burning area is 41378mm² 

  
  

Figure 4: Basic design of prototype motor.  

  

3.1.1 Nozzle  

The nozzle is the component of a rocket engine that produces thrust by increasing the velocity of 

exhaust gases. The prototype design employs a de Laval (convergent-divergent) nozzle with a 

convergence angle of 30 and a divergence angle of 12 with an expansion ratio of 10:1. Figure 5 

shows a detailed description of the nozzle.  

  

  
Figure 5: Nozzle parameters.  

  

3.2 Analysis  

On SRM design software, the prototype's design is theoretically assessed for performance, and the findings 

are analysed to evaluate appropriate materials for production. 

The prototype's software analysis yielded a peak chamber pressure of 2.52 MPa and a peak thrust of 2458 

N, with a total impulse of 2305 N-sec and a specific impulse of 120.8 sec. 
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Figure 4:Graphs showing how motor Chamber pressure and thrust change with burn time.  

 

3.3 Material Selection   

Materials were chosen for different parts of the rocket motor y considering their interactions with each other 

and factors such as cost, density, and the modulus. 

  

3.3.1 Aluminium 6061-T6  

It is an aluminium alloy with the principal alloying components magnesium and silicon that is commonly used 

in the aircraft manufacturing industry. Its density of 2.7g/cm3 makes it perfect for aircraft experimental 

projects, and its ease of machining is a further bonus. The following alloy properties are mentioned for the 

computation of casing design pressure and burst pressure. 

  

Table 1: Properties of Al 6061-T6.  

  

Properties  Yield 

Strength(MPa)  

Ultimate 

Strength(MPa)  

Modulus of 

Elasticity(Mpa)  

Poisson 

Ratio  

Strength 

Ratio  

(Fty/Ftu)  

Burst 

Factor  

Values  241  290  68310  0.33  0.831  1.337  

 

 

an analysis is done for the metal casing and the burst factor, design pressure and chamber pressure are 

obtained.  

 

The calculations yielded a design pressure of 9.03MPa and a burst pressure of 18.11MPa, yielding 

a burst safety factor SU of 2.01. When the peak chamber pressure of the motor is compared to the 

design pressure, Al 6061-T6 is chosen for the construction.  

3.3.2 Mild Steel   

Plain-carbon steel, commonly known as structural steel, is frequently utilised on building projects. The density 

of the steel is 7.8g/cm3. The graph below compares the steel's high-temperature behaviour to those of other 

materials available.  

  

  
Figure 5: Graph depicting the relationship between material yield strength and temperature. 

 

 

  

http://www.ijrti.org/


© 2022 IJNRD | Volume 7, Issue 10 October 2022 | ISSN: 2456-4184 | IJNRD.ORG 
 

IJNRD2210028 International Journal of Novel Research and Development (www.ijnrd.org)  

 

a220 

 

Given that mild steel has nearly the same impact of temperature on its strength as stainless steel, Considering 

the costs  Mild steel was chosen due to its ease of machining and availability, 

  

  

 
Figure 6: Mild Steel nozzle of the prototype rocket motor.  

 

  

 

4. Testing  

4.1 Modifications after testing 

Testing of the prototype was successful and no damage to the structure was observed. The setup recorded a 

peak thrust of 2100 N and a burn time of approximately 2.32 sec. 

Similar testing was repeated several times to arrive at a concrete decision that the design is safe and all 

components are behaving as expected. The convergence of software and practical results were proved and the 

same software was used for designing the main motor. 

  
                                        Figure 7: Static testing of the prototype. 

  

4.2 Main Motor 

The design for the main motor was revised, the nozzle expansion ratio was changed to 15:1 as no major 

erosion was observed and all other basic design principles were kept the same. The main motor had four 

propellant segments each 100 mm long with a total grain mass og 3.4 Kg and a total burn area of 62714 mm2. 

The Main motor is explained in detail in figure 8. 
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Figure 8: Detailed description of main motor design. 

  

             

Figure 9: Graphs describing the variation of main motor chamber pressure and thrust with time. 

  

  
  

  

Figure 10: Exhaust smoke during the static testing of the main motor. 

  

The primary motor's static testing was successful, with a maximum thrust of 2498 N. The engine had a total 

impulse of 4365 N-sec and a specific impulse of 130.6 sec, classifying it as an L-class rocket motor. 

5. Conclusion 

A solid rocket motor has been successfully created and may be used in experiments as a propulsion unit. 

Motor settings can be adjusted to provide the desired outputs. The test findings reveal that the motor's Total 

Impulse and Specific Impulse are adequate for sounding rocket applications. 
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