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ABSTRACT 

This study presents the design, prototype, and performance analysis of a centrifugal projectile launcher. The research 

encompasses the conceptual design, key components, and manufacturing processes involved in creating the launcher. The design 

considerations include material selection, structural integrity, aerodynamics, and precision. The manufacturing process details 

the fabrication of the rotating arm, integration of the motor and power source, development of the projectile release mechanism, 

and implementation of safety features. Extensive testing was conducted to evaluate the launcher's performance, analysing 

parameters such as rotation speed, projectile shape and other characteristics. The results provide insights into its launch velocity, 

revolutions per minute, precision, and energy efficiency. The study also explores potential future applications and improvements, 

including advanced materials, automated systems, and scaling possibilities. This research contributes to the understanding of 

centrifugal projectile launchers and their potential applications in scientific research, sports, and industry. 
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1. INTRODUCTION 

In classical mechanics, centrifugal force occurs in rotating systems as a virtual force that tends to push a body spiraling in one plane 

relative to the axis of rotation. It was understood as a direct result of the stubbornness of the object’s mass, which does not allow 

the change in the state of motion. This principle has been applied in numerous engineering processes such as separators, turbine and 

propulsion. Some of the novel applications of this work include the consideration of the centrifugal launcher as a unique approach 

to employing rotational motion to accelerate projectiles. Centrifugal launcher works on the discharge of kinetic energy which is 

obtained out of the rotational energy. A part called the rotator, manufactured locally with the use of a motor or any other type of 

energy, gives the projectile a tangential velocity and then the projectile is released. In contrast to other projectile acceleration methods 

like chemical energy in firearms or electromagnetic force in railguns, the centrifugal launcher does not depend on other types of 

energy, thus perhaps allowing for a more energy efficient method of acceleration. Due to the above-discussed characteristics, it is 

suitable for use in cases where small changes are desired together with power control. The creation and analysis of a centrifugal 

projectile launcher prototype is intended due to its highly experimental nature, in order to evaluate a way of transferring kinetic 

energy into a projectile via the principle of rotation. The purpose of this work is to evaluate the effectiveness of its applicability, 

productivity potential and usefulness as a cost- efficient, energy-saving, large-scale technology compared with traditional methods 

such as chemical bang or electromagnetic system. 

2. DESIGN OF THE CENTRIFUGAL PROJECTILE LAUNCHER 

2.1 Conceptual Principles 

Centrifugal force is an apparent force which acts on an object in a reference system that is rotating, and is directed towards the 

exterior of the system’s rotating center. In a centrifugal launcher, the rotating arm applies this outward force to the projectile lays 

out the path of motion where it is bounded by the structure of the arm until its release. The magnitude of the centrifugal force 

depends on: 

Fc=m⋅ω2⋅r 

Where: 

• m: Mass of the projectile 

• ω: Angular velocity of the rotating arm (radians per second) 

• r: Distance from the axis of rotation to the projectile 
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2.2 Key Components 

2.2.1 Circular Chamber 

The circular chamber is in effect the guide and containment vessel during the acceleration phase of the projectile. It is made of a 

continuous curved surface extending along the movement direction of the rotating arm or rail against which the cable runs, and 

should thus have the least friction and energy dissipating features possible. Chamber internal walls are conjugated with low friction 

material to minimize wear and transfer of energy. Some of the aspects which were considered while designing this component was, 

it has to have the same radius all through the cross sectional only for the purpose of having the tangential velocity Perhaps it has an 

exit port at a certain position for the operation of the release mechanism. This is so designed to enable the projectile to leave the 

chamber in the preferred angle and velocity so as to obtain the required accuracy and velocity in the discharge trajectory of the 

launch. 

 

2.2.2 Rotating Arm 

Rotating arm in a centrifugal projectile launcher is one of the components that plays a crucial role of imparting the rotational force 

to the projectile. 

Usually made from a lightweight and robust material like aluminum or mild steel, the arm is built to have little rotational mass while 

resisting very high rotational loads. The arm length has a direct bearing on the radius of rotation, and therefore on the velocity around 

which the projectile is flung. On the outer side of the extending arm, it has a safety housing or holder where the projectile is placed 

to enhance acceleration. The design also calls for equilibrium and stability to minimize any possible vibration and provide precise 

rotation. The arm is safely bolted to a cylindrical shaft which is connected to the motor where perfect energy transfers and variable 

speed are possible. Lastly, a counter weight to balance the weight on both sides of the arms in also shown in the design. 

 

2.2.3 Projectile Release Mechanism 

The projectile release mechanism is integrated to a centrifugal launcher and shall provide accurate release and removal of the 

projectile. In this design, there is a pin of aluminum placed along the rotation axis of the arm via a trigger placed below the circular 

chamber. With the continued rotation of the arm, the simple collision of the end of the rotating arm against the aluminum pin makes 

the arm simply stop and in the process transfers the accumulated rotational energy to that of the projectile. The sudden slow down 

pushes the projectile through the housing in which it is placed to the funnel welded with the circular chamber which provides a 

systematic method and high velocity to launch the projectile outwards. The employment of the aluminum pin also helps with the 

timing of the release not forgetting the positive repeatability of predictable projectile trajectories. 

Surprisingly this mechanism is perhaps one of the most effective at converting between rotational and linear kinetic energy. 
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2.2.4 Safety Features 

The schematic for the projectile launcher includes the safety mechanism and multiple safety features. This complete arrangement is 

encased to avoid direct contact with the rotating arm as well as confining any debris or fragments likely to be produced while 

functioning. This cone like body and funnel are similarly made with strongly constructed and sturdier material which is mild steel 

in case of the prototype to bear the high force occurring during firing of projectile. An emergency stop mechanism is also part of the 

motor control system to enable halting of the rotation for some predetermined reason. Furthermore, the various signs and barriers 

are well painted round the launcher to ensure that those on the launcher and others nearby do not come close to the launching 

procedure. An additional safeguard is that the aluminum pin and the release mechanism are designed to be engaged only under 

certain operation parameters meaning that style violators cannot trigger a launch inadvertently. 

3. MANUFACTURING PROCESS 
3.1 Rotating Arm 

The rotating arm was constructed with mild steel metal material due to its strength and easy to machine. First, the arm was milled 

to achieve the desired cross-sectional dimensions and slots were made using a milling machine, the flange was then surface ground 

for as flat a contact surface as was thought necessary to optimize performance. In the center of the area for the arm and that of 

motor’s shaft, a hole was drilled in order to connect the shaft of the motor to the arm to eliminate any sliding while rotating the plate 

during its operation, a through-hole wit D-profile of the required dimension was produced using the CNC wire cutting technique to 

habit the motor shaft. Last but not least, a dynamic counter weight was employed to offset the inertia of the operating arm and to 

also minimize vibrations and bring balance at high spindle speeds. Such a method provides the arm with its strength and accuracy. 

3.2 Motor Mounting and Integration with circular chamber 

Both the motor mounting and its position in the circular chamber were designed and built to studies to be solid and lined up 

appropriately. Turning operation on the lathe machine was employed to machine the inner diameter (ID) and outer diameter (OD) 

of the circular chamber where motor mounting structure is to be inserted. The motor mount was intended to hold the motor in 

position on a base plate and insure that the axis of rotation is perpendicular to the base of plate and was connected to the cylindrical 

cavity using screws, so that the connections were strong and rigid. The surfaces treated through machining provided minimal 

misalignment and as such provided increased efficiency and stability of the launcher upon utilization. 

4. TESTING AND PERFORMANCE ANALYSIS 
4.2 Experimental Setup 

The structure for testing and launching the centrifugal projectile launcher was aimed at measuring the effectiveness of the required 

parameters such as the RPM and the power introduced to the system. An optical tachometer was used in this work to acquire 

instantaneous measurements of the RPM of the rotating arm during testing. This provided a way to control and fine tune the speed 

of the arm so as to note the effects of the rotational velocities of the arm on the projectile launch velocities. The tachometer was 

positioned in such a manner that direct and accurate readings could be obtained as the arm gyrated at diverse RPMs. The power 

supply utilized during the experiment was a 12V, 5A variable power source, and it had to provide adequate power to the motor that 

rotates the arm. This power supply had included a control mechanism in order that the operator could regulate the amount of voltage 

and current; both of which were relevant to the prospective contingency circumstances of the centrifugal launcher. With the help of 

such setup, the experiment could examine how various levels of power input impacts the launch velocity as well as energy related 

efficiency of the system. The power supply also had freedom of controlling current and voltage in a way that defined efficiency in 

operations of the motor, all the while keeping the motor at its most optimal safety zone. Altogether, these instruments made a 

coherent system that allowed providing test and collecting data as well as analyzing the performance of a centrifugal projectile 

launcher in different situations. 

4.3 Testing Parameters 

In the experimentation of centrifugal projectile launcher, it was aimed at checking some aspects of its performance which include the 

revolutions per minute (RPM), angular velocity (ω), tangential velocity (v), input energy and kinetic energy. These parameters were 

crucial to determining the performance of the launcher and capability to transform rotational motion into translational motion of the 

projectile. 

4.2.1 RPM and Angular Velocity 

In test the first critical parameter assessed was the revolutions per minute (RPM) of the rotary arm. The RPM was obtained using the 

tachometer that allowed to record how fast the rotating arm was moving in a real time mode. RPM is a fundamental factor in 

determining the angular velocity (ω) of the arm. By converting the measured RPM into angular velocity, we can further calculate the 

tangential velocity of the projectile. 

4.2.2 Tangential Velocity 

The tangential velocity (vt) is a very significant parameter in this case because it is the parameter that dictates the speed at which the 

projectile leaves the launcher, and therefore dictates the kinetic energy with which the projectile is launched. The tangential velocity 

is dependent with the angular velocity of the rotating arm together with the radius at which the projectile is positioned on this arm. 
4.2.3 Input Energy 

The input energy (𝐸input) which is supplied to the centrifugal launcher is used to be in conformity with the electrical power given by 

the motor. Using a variable power supply of 12V and a current of 5A. 
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4.2.4 Kinetic Energy of Projectile  

The kinetic energy (Ekinetic) is calculated using the tangential velocity (Vt) of the projectile which is the speed with which the 

projectile is released from the rotating arm. 

4.2.5 Energy Efficiency 

To calculate and analyze the energy efficiency of the centrifugal projectile launcher we had to compare the input energy provided to 

the motor with the kinetic energy attained by the projectile at its release. 

4.3  Results and Analysis 

When we did the above mentioned calculations for the prototype, we recorded certain results which are plotted in form of a graph. 

 
RPM vs Tangential Velocity Graph 

The graph shows a linear relationship between RPM and Tangential Velocity; with increase in the revolutions per minute the 

tangential velocity also increases proportionally. This is consistent with the formula for tangential velocity 𝑉=𝜔𝑟, where 𝜔 (angular 

velocity) is proportional to RPM. The data points range from approximately 900 RPM (16.95 m/s) to 2500 RPM (47.09 m/s). The 

tangential velocity increases at a steady rate as the RPM is increased. The tangential velocity increases by approximately 7-10 m/s 

for every additional 500 RPM. This rate is consistent, indicating stable mechanical performance. 

 
Input Energy vs Output Kinetic Energy 

The graph illustrates a nearly linear relationship between input energy and output kinetic energy. As input energy increases, output 

kinetic energy grows proportionally. This indicates that the launcher performs efficiently, with minimal nonlinear losses (e.g., 

friction or drag). The linearity of the relationship suggests that the energy transfer mechanism in the launcher is predictable and 

stable within the tested RPM range (900–2500 RPM). This makes the system suitable for applications requiring precise energy 

control. The slope of the line reflects the energy conversion efficiency. The minimal deviation from linearity indicates that most of 

the input energy is effectively converted into kinetic energy. Despite the efficiency suggested by the graph, some inherent losses 

are expected which are not calculated in this model include friction, air resistance, heat loss, motor inefficiencies. These losses were 

not explicitly included in the input energy values but can be analyzed further for a more accurate model. 

5. FUTURE POTENTIAL AND APPLICATIONS 
5.1 Improvements and optimizations 

5.1.1 Advance materials for increased performance 

Different improvements in the material used in construction, in automation level and in the control systems can enhance the 

performance of the centrifugal projectile launcher, its accuracy and basic operational parameters. One of the major fundamental 

areas that require enhancement is the application of high-performance materials. Carbon fiber composites, or titanium alloys or high 

strength polymers may cut down the size and rotational mass moment of inertia thus allowing more revs and quicker manageable 

acceleration of moving parts without any additional stress on the chassis or body. Further, seeing that friction is a key energy 

dissipater, the use of low friction and improved surface technologies, for example ceramic bearings or coated metals (tungsten 

carbide or diamond like coatings) can increase durability of key components and decrease energy losses. In additional, with materials 

with high thermal conductivity including utilizing graphene enhanced composites to remove heat which is produced during high-

speed operation, thermal control over will be enhanced. 

5.1.2 Automated loading and launching systems 

Another big opportunity for optimization is in the automation of the loading and firing cycles. That is why the use of an automated 

loading system, for example, a rotary magazine or conveyor, can become effective for projectile feeding and can continue operation 

even without incoming human intervention. In combination with the electromechanical firing mechanism, that helps to control the 

moments of shots’ initiation, one can obtain rather accurate settings of angles and stoke velocities of the projectile.  

Magazine systems such as a hopper or reservoir are useful when the range of projectiles is large and may be fed in a single line to 

improve system throughput and better apply the launcher in high-volume use. This automated system does not only increase 

productivity but also safety throughout the course of operation since several handling aspects are eliminated thereby circumventing 

the associated hazards. 

5.1.3 Smart control systems for enhanced accuracy 

In addition, smart control systems, along with the others, can enhance the launcher’s precision and adjustability. Sophisticated motor 

controllers that give real-time back difficulties can effectively manage rotational frequency and, simultaneously, prevent a system 

from heating or overloading.  
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Closed loop feedback systems can quantify velocity of a projectile and angle of projection, showing advantages in constantly making 

adjustments to keep performance constant while correcting for contingencies such as wind or gradual mechanical degradation. AI 

and machine learning can be integrated to enhance firing characteristics enhancing the launcher’s capability to fine tune to projectile 

type, weight or target status. Through IoT solutions, equipment can be remotely monitored which can also facilitate real-time 

diagnosis, thus increasing operational adaptability and making it possible to have production predictive maintenance in order to 

reduce on downtime. Other advanced features can include kinetic energy recovery systems which allow for the capture of excess 

kinetic energy, as well as a modularity to allow easier changes or additions to the overall system. The improvements are expected to 

enhance not only the capabilities of the centrifugal projectile launcher but also broaden its usage from the testing conditions to 

industrial and defense- related situations. 

5.2 Potential Applications 

The centrifugal projectile launcher holds immense potential across various fields due to its ability to efficiently and precisely propel 

objects at controlled velocities. In scientific problem solving, it can be used in as an effective tool in impact assessment on materials 

and research. With the ability to fire projectiles at surfaces at high and reproducible velocities, scientists can mimic the rates of 

meteorite impacts, ballistic testing or structure performance and failure under high velocity conditions. It is most applicable in 

investigating properties of materials for aircrafts, automobiles and construction where the endurance of the structural parts under 

force is paramount. Further it can be used to determine new material proved of energy absorption, shock or penetration thus making 

it an essential tool in enhancing material science. Regarding the sports and recreation facility, the launcher can be used as ball-

launching machine in training and as an entertainment in general. Tennis, baseball, and cricket already have automated launchers, 

and the centrifuge mechanism is further optimization of performance, as well as the adjustable speed, spin, and flight path. This can 

be particularly useful in training exercises where an athlete requires to practice against different balls behaviors. Apart from the 

professional sports these machines can be employed in amusement parks, or in activity games, or any other fun and entertaining 

application where a high performance, flexible design is desired. It is also important to point out the numerous opportunities the 

industrial sector offers to the centrifugal launcher. This can be applied for delivery of materials like distributing granulated materials 

like fertilizers seeds or even powder over an area. 

Due to the capacity to supply accurate and regulated power, it can be effectively used to test equipment like the hardness of material 

products through repetitive force impacts. The launcher can also be incorporated into quality control systems in order to test the 

durability of produced articles, for example, coatings, electronics, or packages by any type of handling or loading. This shows that 

it can be highly flexible in these applications, and makes it an invaluable tool in fields from research and athletic to manufacturing 

and so many more. 

6. CONCLUSION 
The conducted analysis on the centrifugal projectile launcher has marked this device as perfect for throwing projectiles with 

efficiency and accuracy in various conditions. Major observations derived from the analysis include; an increase in the input energy 

is directly proportional to the output kinetic energy within the range of energy inputs tested minimizing energy losses in the system. 

It was clearly demonstrated that the usage of hi-tech materials, robotic equipment, and intelligent control and drive system further 

improved the efficiency, precision, and programmable launch capability of the launcher. Moreover, the versatility of the proposed 

approach in terms of usable RPMs and its ability to switch between high and low signals in terms of RPMs make it possible to utilize 

the presented system in various fields, science, industry, and recreational activities. 

The research also pointed out several areas of concern including losses, safety and the energy recovery systems which if optimized 

would improve the efficiency and reliability of the launcher. The importance of the current research therefore lies in the identification 

of the centrifugal projectile launcher as a mechanically sound, one particularly for use in areas where energy distribution can 

beregulated. In doing so, the study forms the basis to create ultra-high performing transport systems suited for the specific industries 

that will be outlined with knowledge into energy efficacy, material behavior at high velocities and areas of improvement. In terms 

of academic advancement, the launcher is a credible instrument helping in experiments concerning the impact of various materials 

for the progress of material science and other similar fields. In sports and recreation, its application as a training and amusement 

instrument expands new opportunities in terms of accuracy and adaptability. In the industrial use, there are clear practical application 

as the launcher mimics real scenarios as well as the distribution of the material. All in all, the current work not only confirms that 

the centrifugal projectile launcher is effective but also creates a fundamental base for its expansion and development in the future.    
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