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Abstract

A novel, non-pyrotechnic payload deployment mechanism tailored for sounding rockets is introduced in this research paper. The
mechanism addresses the challenge of efficiently and compactly deploying payloads radially during a single launch, featuring a
cylindrical carrier structure actuated by a rack-pinion mechanism. Powered by a servo motor, the carrier structure translates to en-
able radial ejection of payloads. The paper presents the mechanism’s design and conducts a comprehensive performance analysis,
including structural stability, system dynamics and power requirements. A simulation model is developed to assess payload deploy-
ment behavior under various conditions, demonstrating the mechanism’s viability and efficiency for deploying multiple payloads
within a single sounding rocket launch. The mechanism’s adaptability to accommodate diverse payload types, sizes and weights
enhances its versatility, while its radial deployment capability allows payloads to be released at different altitudes, offering greater
flexibility for scientific experiments. The paper concludes that this innovative payload radial deployment mechanism represents a
significant advancement in sounding rocket technology and holds promise for a wide array of applications in both scientific and

commercial missions.
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1. Introduction

Sounding rockets are an essential tool for scientific research
and exploration, providing a means of collecting data and con-
ducting experiments in the upper atmosphere and beyond [An-
dersson and Forsell (1979a)]. These rockets are designed to
reach high altitudes and provide a brief period of micro-gravity,
allowing researchers to study a wide range of phenomena, in-
cluding atmospheric composition, ionospheric properties, and
the behavior of biological and physical systems in a low-
gravity environment. Sounding rockets typically consist of a
small rocket motor, a payload bay, and a deployment mecha-
nism.[Valenzeno et al. (2018)] The rocket motor provides the
thrust necessary to lift the rocket to the desired altitude, while
the payload bay houses the instruments and experiments to be
carried out during the flight. The deployment mechanism is
used to release the payloads at the appropriate altitude during
the rocket flight, allowing researchers to collect data and con-
duct experiments in real time. One of the key advantages of
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Figure 1: thrustMIT’s Sounding Rocket: Altair
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sounding rockets are their cost-effectiveness and rapid deploy-
ment time. Compared to other space launch vehicles, sounding
rockets are relatively inexpensive and can be launched quickly
and efficiently, allowing researchers to conduct experiments on
a relatively tight schedule. Additionally, sounding rockets can
be launched from a variety of locations around the world, mak-
ing them an attractive option for researchers in remote or hard-
to-reach areas [Corliss (1971)]. thrustMIT’s sounding rocket
Altair, which was launched in June 2023 at Spaceport America,
New Mexico, United States, is shown in Fig. 1.

There are two main types of payload deployment mecha-
nisms: Axial and Radial [Pepermans et al. (2022)]. Axial de-
ployment mechanisms are the most common type and are typ-
ically used for payloads that require a specific orientation or
trajectory. In an axial deployment mechanism, the payload is
mounted to a support structure at the top of the rocket and is
ejected through a port in the rocket body. The ejection process
is typically initiated by a pyrotechnic device, which releases a
locking mechanism and allows the payload to be ejected from
the rocket. This type of mechanism is ideal for payloads that re-
quire a specific orientation, such as telescopes or cameras, and
can provide high accuracy and stability during deployment.

Radial payload deployment mechanisms represent a signif-
icant advancement in the field of sounding rocket technology,
offering greater flexibility, versatility, and reliability for scien-
tific experiments. As research continues to push the bound-
aries of what is possible, it is likely that radial payload de-
ployment mechanisms will become increasingly important and
widespread in the field of space exploration and scientific re-
search [Andersson and Forsell (1979b)].

To establish the contextual framework and underscore the
pertinence of this novel mechanism, a comprehensive review of
recent literature concerning radial deployment mechanisms will
be undertaken. Subsequent sections will delve into the intrica-
cies of the novel mechanism, elucidating its design, operation,
and potential for disruptive impact across diverse academic and
practical spheres.

Figure 2: Different views of Payload Bay with our Deployment Mechanism

2. Background Theory

In the realm of engineering and technology, the evolution
of deployment mechanisms stands as a testament to innovation

in response to the ever-advancing demands of various applica-
tions. One such mechanism that has garnered substantial inter-
est is the radial deployment mechanism. Distinguished by its
capacity to unfold in a circular pattern, this mechanism offers
precision, spatial efficiency, and reliability, characteristics that
elevate its significance in a variety of contexts.

Traditional deployment mechanisms, whether linear, rota-
tional, or hybrid, have demonstrated effectiveness in numerous
applications. However, they often encounter limitations in sce-
narios that demand radial mechanism. The extant catalog of
radial deployment mechanisms, while serving admirably, faces
challenges posed by the evolving complexity of modern tech-
nology.

The primary objective of a radial deployment mechanism is
to ensure a compact and secure stowage of payloads during
the launch and transit phases. Once the spacecraft reaches its
designated orbit or location, the mechanism activates, initiating
the controlled release of the payload. This deployment process
is crucial for achieving proper satellite positioning, optimizing
sensor exposure angles, and ensuring successful mission execu-
tion.

The theory behind a radial deployment mechanism involves
several key considerations:

o Compact Stowage: The mechanism must allow the pay-
load to be compactly stored within the spacecraft’s con-
fines to optimize space utilization during launch and min-
imize launch vehicle payload fairing constraints. The de-
sign should account for potential volume limitations and
weight restrictions [Roland et al. (2016)].

e Structural Integrity: The materials and components used
in the radial deployment mechanism should exhibit high
strength-to-weight ratios and excellent fatigue resistance.
The mechanism must withstand the harsh conditions of
launch, space environment, and potential mechanical loads
during deployment.

¢ Reliability and Redundancy: To ensure mission success
and mitigate potential failures, the mechanism often incor-
porates redundant components and mechanisms. Fail-safe
designs and robust deployment sequencing are crucial for
the overall reliability of the system.

e Mechanism Actuation: Radial deployment mechanisms
can be actuated through various means, such as pyrotech-
nics, shape memory alloys, mechanical springs, or motors.
The chosen actuation method should be well-suited for the
specific mission requirements and should demonstrate re-
peatability and reliability.

e Thermal Considerations: The mechanism must account
for thermal variations in the space environment to ensure
consistent and predictable deployment performance. Ther-
mal expansion and contraction of materials should be fac-
tored into the design to avoid undesirable effects on de-
ployment accuracy.



The successful implementation of a radial deployment mech-
anism plays a pivotal role in a wide range of space missions,
including communication satellites, Earth observation satel-
lites, scientific instruments, and interplanetary probes. The ef-
ficiency, reliability, and precision of the mechanism contribute
significantly to the overall success of the mission and the scien-
tific or operational objectives of the deployed payloads.

3. Ongoing Research

The deployment of payloads in sounding rockets has been a
critical aspect of scientific research and exploration for decades.
Traditional payload deployment mechanisms have primarily re-
lied on axial deployment methods, where the payload is ejected
from the rocket’s nose cone. While these methods have been
effective for many missions, they are not without limitations.

Early sounding rockets employed simple pyrotechnic mech-
anisms for payload separation. These mechanisms were rela-
tively reliable but lacked precision in controlling the exact mo-
ment of deployment. This imprecision could lead to unintended
variations in the data collected during experiments. As the de-
mand for more precise scientific measurements increased, so
did the need for improved deployment systems.

In response to these challenges, researchers began to explore
alternative deployment mechanisms, including radial deploy-
ment systems. The concept of radial deployment involves re-
leasing the payload from the rocket’s sides rather than its nose.
This approach offers several advantages, including increased
payload capacity and improved control over the other process.

Recent developments in radial deployment mechanisms have
shown promise. For instance, the use of spring-loaded mecha-
nisms and miniaturized thrusters has allowed for controlled and
precise deployment. Researchers have also explored the use of
smart materials that can change shape or expand upon activa-
tion, providing a novel approach to payload deployment.

Despite these advancements, challenges remain in optimiz-
ing radial deployment systems for various payload sizes and
mission requirements. The historical evolution of payload de-
ployment mechanisms highlights the need for ongoing research
in this field to address these challenges and advance the capa-
bilities of sounding rockets for scientific exploration.

This section provides an overview of the historical context
of payload deployment mechanisms and sets the stage for the
examination of recent advances and ongoing research efforts in
the field.

4. Problems with Other Mechanism

As mentioned in the previous section, the deployment of pay-
loads can be achieved through two possible means: Axially
or Radially. Prior to discussing our radial deployment, it is
important to explore the reasons for abandoning axial deploy-
ment. Axial Deployment [Nootz et al. (2020)], in which the top
structure or nosecone is fairing [Mao et al. (2016)], is the most
commonly used method by prestigious space agencies such as

ISRO, NASA, and ESA. However, this method presents sev-
eral technical challenges, particularly with regard to safe py-
rotechnic ejection. For orbital or larger sub-orbital rockets, the
space constraints are not as significant, thus allowing for nu-
merous pyro-ejecting bolts and systematic wiring. When the
nosecones or top halves split into two sections vertically, they
are held together by chord wires for sub-orbital rockets, but
are left as debris in the case of orbital rockets. This method
is relatively expensive due to its constituents of ejection power,
precise manufacturing, and small-scale components. Moreover,
axial deployment requires redundancy for the ejection mecha-
nism, which is essential but also adds to the costs. For a re-
searcher, the method or mechanism need not be cost-effective,
but for a manufacturer or a customer, this is an equally impor-
tant property. A detailed comparison between various deploy-
ment mechanisms is listed in Table 1.

5. Deployment Mechanism Design

5.1. Mechanical Systems

Our deployment mechanism uses a single gear Rack and Pin-
ion system to convert rotational motion into linear motion and
push the payload radially out. The pinion is connected to a high
torque servo motor which rotates at the rated speed. The torque
generated by the servo motor is transferred to the connected
pinion and is converted into tangential force which acts on the
payload through the rack arm.

Rack & Pinion
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Lower Bulkhead
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Figure 3: Orthogonal view of Deployment Mechanism
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Figure 4: Side view of Deployment Mechanism



Table 1: Comparison of Sounding Rocket Payload Deployment Methods

Deployment Method

Advantages

Limitations

Axial Deployment

Simple mechanism

Minimal interference with pay-
load

Highly accurate and stable de-
ployment of payload.

Requires rocket to be in specific
orientation

Pyrotechnic charge required de-
pending on payload size.

Multiple payloads cannot be de-
ployed in a single launch.

Fairing Deployment

Enhanced payload protection dur-
ing ascent

Suitable for larger payloads

No specific orientation of rocket
required.

Increased complexity
Additional weight
Potential aerodynamic constraints

Explosive bolts used in fairing.

Radial Deployment (Favorable)

Relatively simpler mechanism
Reduced aerodynamic constraints
No pyrotechnics involved

Multiple payloads can be de-
ployed in a single launch

No specific orientation of rocket
required

Payload protection during ascent.

Potential risk of tangling.

Weight constraint of usable pay-
loads. Cannot push heavy pay-
loads.
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Figure 6: Front view of Rack and Pinion Mechanism

5.1.1. Rack - Pinion Mechanism

An Aluminium Pinion is connected to a high torque servo
motor which sits on a 3D printed servo plate bolted to the
upper bulkhead of the payload bay made from ABS plastic.
Aluminium is used due to its lightweight and high structural
strength properties making them easy to manufacture at the
same time. The servo motor rotates at its rated speed, gener-
ating a torque which is transferred to the pinion. This torque
converted is into a tangential force on the rack through the pin-
ion - rack interface. A semi-circular arm is connected to the
rack and when the tangential force acts on the rack, it moves in
the horizontal direction moving the arm as well applying force
on the CanSat [Chun et al. (2023)] pushing it out radially.

Table 2: Gear Dimensions

Gear Module 2

Pitch Diameter 20mm (0.79 inch)
Root Fillet Radius | 1.1mm (0.04 inch)
Gear Thickness 5Smm (0.2 inch)
Hole Diameter 6mm (0.24 inch)
No. of Teeth 10

Gear Thickness Smm (0.2 inch)

Table 3: Rack Dimensions

Diametrical Pitch 10 Dp - 14.5°

Length 66.48mm (2.62 inch)
Mating Section Height | 4.274mm (0.17 inch)
Addendum 2.137mm (0.08 inch)
Dendum 2.137mm (0.08 inch)

5.1.2. Payload Bay Bulkhead

Bulkhead
Support

A

Figure 7: Lower Payload Bay Bulkhead

Bulkheads are used at the top and bottom end of the pay-
load bay to maintain the structural integrity of the rocket body
helping in efficient load transfer in the rocket withstanding the
immense force acting on the rocket during launch , flight etc.
They also separate the payload section from the rest of the
rocket, protecting delicate instruments and experiments from
the harsh environment of launch. The bulkheads are made from
Aluminium metal as they are lightweight, have high structural
strength and are easy to manufacture.

The payload sits on the lower bulkhead surrounded by a sup-
port structure which prevents the lateral displacement of the
CanSat during the launch, flight and recovery of the rocket.

5.1.3. Payload Bay Door

Figure 8: Door Lock Mechanism

Door Lock

Servo
Motor
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Figure 9: Payload Bay with Door Open

The door mechanism is implemented on the outer body of the
payload bay which prevent the payload from falling out before
its scheduled deployment. The door is connected to the rocket
body through a hinge at the bottom of the door. A linear actua-
tor which is controlled by a microcontroller is used to lock the
door preventing it from opening during rocket flight.



5.2. Electrical and Control Systems

The Electrical System is designed for reliable and effective
control of the deployment mechanism. It is responsible for
opening the payload door and controlling the servo motor to
push the payload out when the desired altitude is reached by
the rocket. Subsequently, the system also monitors the vari-
ous flight parameters of the rocket such as pressure, differential
pressure, altitude, speed etc. A microcontroller is used as the
main processing and controlling unit of the system on which a
Real Time Operating System (RTOS) is implemented to opti-
mize its functioning. See Fig. 10 and Fig. 11.
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Figure 10: Block Diagram of Electrical System

RTOS Scheduler

Task 1: Actuate Door Linear Actuator
Priority: HIGH (1)
Periodicity: Periodic

Task 2: Actuate Servo Motor for Arm
Priority: MEDIUM (2)
Periodicity: Periodic

Task 3: Read BMP380 Altitude Values
Priority: LOW (3)
Periodicity: Non-Periodic

e e e e
e S

Figure 11: RTOS Scheduler

5.2.1. Processing Unit

Figure 12: Teensy 4.1 MCU

The system uses a Teensy 4.1 Microcontroller as the central
processing unit of the electrical and control system. Teensy
4.1 is a industry standard microcontroller featuring an ARM

Cortex-M7 processor which excels at high speed processing of
data and is a popular choice for control and monitor applica-
tions.

5.2.2. Measuring Flight Parameters

Figure 13: BMP380 Altimeter

The system uses a BMP380 barometric pressure sensor to
measure the atmospheric pressure and altitude of the rocket
during its flight. BMP380 is a highly accurate, low-cost, low-
power and compact design MEMS sensor which can be easily
interfaced and integrated into electronic circuits and can be op-
erated into a wide temperature range.

5.2.3. Actuators

Figure 14: MG996R Servo Motor

Servo Motor:-

We are using a MGR996R high torque digital servo mo-
tor to control the pushing arm. It can rotate a full 360°
in either directions and features a metal gear resulting in
high stalling torque, a double ball design increased dura-
bility and an upgraded IC control system for accurate and
precise rotations.

Figure 15: Door Linear Actuator

Linear Actuator:-

The system uses a Electric Push Rod Linear Actuator
for locking the payload door controlled by the microcon-
troller. When the door is locked, the push rod of the linear



actuator is inserted into a rectangular hole which is made
into the top bulkhead. The push rod retracts back when
the door is unlocked allowing it to freely move and open-
ing the door due gravity and drag force on the rocket.

5.2.4. Power System

Figure 16: 2S-7.4V LiPo Battery

The deployment mechanism is powered by a 2S-7.4V
Lithium Polymer (LiPo) battery pack. Voltage generated by the
battery is stepped down to desired operating voltages of vari-
ous electronic components of the system using multiple voltage
regulator circuits.

Table 4: Servo Motor Specifications

Weight 55¢g
Operating Voltage 4.8V -7.2V
Running Current 500mA - 900mA
Stall Torque(6V) 10kgf.cm
Stall Current(6V) 2Amps
Average Operating Speed (6V) 60 RPM

6. Calculations for Mechanism

6.1. Torque of Servo Motor

According to the datasheet of the servo motor, the maximum
Torque (7) generated by the servo motor at 6V is 10kg f.cm or
0.98N, refer Table 4.

6.2. Tangential Force on Payload

The Tangential Force (F;) generated on the rack arm which
is applied on the CanSat can be calculated using the following
formula:-

2%T
F[z d

ey

Where,

7: Torque generated by the servo motor which is trans-
ferred to the pinion. Refer Table 4.

d: Pitch Diameter of the Pinion. Refer Table 2.

Net Accelerating
Force

Tangential Force

Friction

Weight
Figure 17: Forces Acting on Payload

The maximum Tangential Force is calculated as 98N. In
practical applications, entire energy or power is not 100% trans-
ferred between any mechanism and there are various types of
mechanical and electrical losses. Considering an industry level
efficiency of 85%, the actual generated Tangential Force is cal-
culated as ~ 84N.

6.3. Time for Payload Deployment

An efficient deployment mechanism will eject the payload
accurately at the desired deployment altitude. This means that
the time from sending the deployment signal, to the actuating
of the mechanism to falling of the payload, has to be minimized
because the altitude of the rocket is also simultaneously de-
creasing during the recovery of the rocket and we don’t want to
miss the desired altitude range. For calculations, an estimated
time of ¢ = 5s is taken by the mechanism to deploy the payload.

6.4. Horizontal Acceleration of the Payload

Due to the tangential force acting on the payload, the payload
is accelerated towards the opening on the rocket body covering
a distance of 60mm in the horizontal direction before it can fall
out. The acceleration (@) can be calculated using the following
formula:-

1
S=u*t+§*a/>x<t2 2)

Transforming the Eq. 2,

azZ*(s;u*t) 3)
Where,
S': Horizontal distance which the payload has to cover.
u: Initial horizontal velocity of payload.
t: Time taken by payload to deploy. Refer Section 6.3.

The acceleration is calculated as @ = 4.8x1073m/ s%.



6.5. Friction Force on Payload

A Friction Force (f) acts on the CanSat in the horizontal di-
rection opposite to the direction displacement of the CanSat and
Tangential Force. This friction force depends on the mass of

the payload and properties of surface which is represented by
the coefficient of friction.

An approximate value of Coefficient of Friction (u) for alu-
minum is taken as 0.61 for the calculations.

Friction Force can be calculated using the following equa-
tion:
f=uxmxg “
Where,
u: Coefficient of Friction

m: Mass of Payload

g: Acceleration due to gravity

6.6. Maximum Permissible Mass of Payload
The resultant force (see Fig. 17) acting on the payload in the
horizontal direction can be represented by the following equa-

tion:
Fo=f+mxa 3)
Fi=(usmxg)+m=a (6)
Transforming the equation, the Maximum Permissible Mass

of the Payload which can be ejected radially by our deployment
mechanism cal be calculated by:

F;
m= T e ™

Where,

F: Rack Tangential Force on Payload. Refer Section 6.2
f: Frictional Force on Payload. Refer Section 6.5

m: Mass of Payload

a: Acceleration generated in Payload. Refer Section 6.4
u: Coefficient of Friction

g: Acceleration due to gravity

Therefore, the maximum permissible payload mass that can
be radially ejected by our deployment mechanism is ~ 14 Kg.

7. Testing of Mechanism

A physical prototype of the mechanism was built using 3D
printed parts, metal bulkheads and carbon fiber body tube of the
rocket. Multiple deployment tests were conducted on a CanSat
made of Glass Fiber weight 1 Kg, to evaluate the performance
of the mechanism and its efficiency [Shukla et al. (2022)]. No-
load tests were done to check whether the tangential force pro-
duced by the servo motor was sufficient to push the CanSat
out without any hindrance. The force was sufficient for both
load (Filled) and no-load (Hollow) condition of the CanSat de-
ploying in the horizontal direction which is perpendicular to the
rocket’s frame of traversal.[Nishimura et al. (2012)].

During the initial tests, a few minor issues were identified
and analyzed; such as, the gear had interference while rotating
with the plate, as the plate compressed upon tightening with
the screws by at least 3mm when attached to the top bulkhead.
Additionally, the movement between the rack and the rack slot
was not as free as it should be, because the 3D printed materials
at extrusions needed to be sanded for improved performance
[Bulut et al. (2013)].

Further tests involved updates to the previous designs, which
included a re-designing of the plate that held the servo and push
mechanism to allow sufficient space for gear rotation and rack
sliding. The mating of rack and pinion was improved to achieve
accurate mating, and lubricants were used to ensure proper slid-
ing of the rack.

ack-Pinion
System

Payload Door

Figure 18: Physical Prototype of the Mechanism

8. Mechanical Simulations

The prevailing forces and conditions exhibited by the mech-
anism obviated the necessity for comprehensive simulations.



Hence, structural simulations were performed on the critical
load bearing components of the mechanisms. The CAD for
the mechanism was modeled in Autodesk Fusion 360 and then
imported into Ansys simulation software. The respective mate-
rials were configured and the static structural simulation for the
model was simulated.

The suitable factor of safety of 1.5 was considered after the
simulations were performed.

8.1. Structural Simulation on Payload Door

The payload door hinge component is exposed to atmo-
spheric conditions, exhibiting a minimal extrusion of no more
than 3mm. Subsequently, the payload door will hit the body
tube after opening which could cause minor total deformations
which were analysed in the simulation.

The mesh used for the model was hex dominant so to receive
the results precisely. The necessary parameters for fixed fric-
tion supports were given and the drag force was applied to the
exposed regions.

The application of drag forces to both the hinge and the ex-
posed door facilitated a comprehensive assessment, yielding
enlightening results (see Fig. 19, Fig. 20 and Fig. 21). The
total deformation observed was 0.036mm at the bottom sec-
tion of the door gradually decreasing whereas the equivalent
von-mises stress was observed at the hinge which was approxi-
mately 15.839M Pa.

A: Static Structural

Equivalent Stress

Type: Equivalent {(von-Mises) Stress
Unit: MPa

Time: 15

15.839 Max

14.079

12.32

10.56

8.799%6

7.0397

5.2798

35199

1.7599

5.8389¢-12 Min z

Figure 19: Static structural simulation on door representing equivalent Von-
Mises stress
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8.2. Structural Simulation on Rack Mechanism

Static structural analysis was conducted on the rack mech-
anism (see Fig. 22 and Fig. 23) with bonded and friction-
less contacts established between the bodies under investiga-
tion. Material assignments were made, utilizing ABS plastic
for the 3D printed components and a combination of plastic
and silicon for the motor. Quadratic and multi-zone meshing
techniques were employed.

Fixed supports were applied within designated holes, while
friction-less displacement supports were utilized for the rack
and pinion mechanism. Additionally, a force was applied to the
curved extension section, intended to displace the CanSat.

A: Static Structural
Total Deformation
Type: Total Deformation
Unit mm

Time: 15

0.036881 Max
0.032783
0.028686
0.024588
0.02049
0.016392
0.012294
0.0081959
0.0040979

0 Min z

L

Figure 20: Static structural simulation on door representing Total Deformation
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A: Static Structural
Equivalent Elastic Strain
Type: Equivalent Elastic Strain
Unit: mm/mm

Time: 15

8.7d4e-5 Max
7.768%-5
6.7978e-5
5.8267e-5
4.8556e-5
3.8845e-5
2.9133e-5
1.9422e¢-5
97111e-6
3.9101e-17 Min

Figure 21: Static structural simulation on door representing equivalent Elastic
strain
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The resulting analysis yielded maximum equivalent Von-
Mises stress of 211.87M Pa and maximum total deformation of
170.37mm.

Figure 22: Static structural simulation on rack representing equivalent Total
Deformation

Figure 23: Static structural simulation on rack representing equivalent Von-
Mises stress

9. Possible Failures in Mechanism
e The extension link could break due to insufficient force.

e The gears could be attached improperly during the assem-
bly which can lead to them slipping and failing of mecha-
nism.

o Irregular surface finish of the bulkheads can create hin-
drances during sliding of the payload.

o The batteries of the deployment system could fail leading
to loss of power in the system.

10. Concept of Operations (CONOPS)

Following the ignition and lift-off, the rocket experiences a
boost and coast phase reaching its apogee. At the apogee, the
drouge parachute is deployed starting the recovery phase. Dur-
ing recovery, when the desired altitude for deployment of the
payload is attained, a carefully controlled sequence of actions
is initiated to facilitate the successful ejection of the CanSat
payload. The process involved a series of well-defined steps,
which are discussed in detail below:

1. Signal Transmission and Door Unlocking: Upon reaching
the apogee, the designated signal was transmitted, prompting
the activation of the linear actuator responsible for unlocking
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Figure 24: CONOPS Stages

the CanSat door. This critical step allowed for the subsequent
release of the payload.

2. Carrier Mechanism Activation: After the door’s opening,
a brief delay of 2 seconds was introduced to ensure the stabil-
ity of the system. Subsequently, a pulse was sent to the carrier
mechanism, employing the rack and pinion mechanism. This
pulse initiated the continuous translation of the carrier mecha-
nism three times, effectively pushing the CanSat payload out-
wards.

3. Radial Translation of CanSat Payload: The rack arm ap-
plies the generated tangential force on the payload CanSat, re-
sulting in the smooth radial translation of the CanSat payload
away from the launch vehicle. This controlled radial movement
is vital to ensure the safe and precise ejection of the payload.

4. Independent Descent of Payload: Following its radial
translation, the CanSat payload enters a state of independent
free-fall. The parachute attached to the payload opens and
the payloads descends steadily until it makes contact with the
ground. This unassisted descent phase allows the payload to
undergo its intended mission objectives without any further in-
terference.

It is important to note that the successful ejection process
and the subsequent payload descent are integral components of
the overall mission’s success. The precise execution of these
actions guarantees the accurate deployment of the payload, en-
suring the gathering of reliable data during its descent phase. A
detailed visual description of the rocket flight, payload deploy-
ment and recovery recovery can be found in Fig. 24 and Fig.
25.

11. Conclusions

The research paper introduces a novel non-pyrotechnic pay-
load deployment mechanism for sounding rockets, addressing
a crucial challenge in the field. The mechanism is designed
to be exceptionally suitable for sounding rockets, featuring a
cylindrical carrier structure equipped with multiple indepen-
dently operable deployment ports. The mechanism’s radial de-
ployment capability allows payloads to be released at differ-
ent altitudes, thereby offering greater flexibility for scientific
experiments. The paper presents the mechanism’s design and
conducts a comprehensive performance analysis. The findings
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demonstrate the viability and efficiency of this proposed mech-
anism for deploying multiple payloads within a single sounding
rocket launch. The successful ejection process and the subse-
quent payload descent are integral components of the overall
mission’s success. The precise execution of these actions guar-
antees the accurate deployment of the payload, ensuring the
gathering of reliable data during its descent phase. The mech-
anism represents a significant advancement in sounding rocket
technology and holds promise for a wide array of applications
in both scientific and commercial missions.

Future Directions

In the pursuit of refining and enhancing this innovative de-
ployment mechanism, a series of avenues beckon for explo-
ration. One such avenue entails the expansion of the mecha-
nism’s capabilities through thoughtful extensions. By extend-
ing the pushing rod, the mechanism could potentially accom-
modate stacked payloads, creating an avenue for multiple pay-
loads to be released in tandem. This extended translatory mo-
tion holds promise for more sophisticated mission profiles and
expanded scientific data gathering.

Furthermore, the door mechanism itself presents an oppor-
tunity for improvement. By integrating hydraulic components
into the system, a controlled and deliberate lowering motion
can be achieved, harmonizing with the unlocking of the latch.
The unlocked door can also be used as a air-brake mechanism
for soft landing of the rocket during descent phase. This height-
ened level of control, realized as the linear actuator is gracefully
retracted, could potentially enhance overall mission dynamics
and the precision of deployment.

In conclusion, the intricacies of the deployment mechanism
have been successfully navigated, yielding a controlled and
synchronized radial ejection of the CanSat payloads. The cul-
mination of engineering ingenuity, empirical validation, and
prospective enhancements underscores the significance of this
mechanism in furthering the realm of payload deployment tech-
nologies.

Acknowledgements

We sincerely thank thrustMIT, Manipal Institute of Technol-
ogy, and the Manipal Academy of Higher Education for their
invaluable support and resources that greatly facilitated the suc-
cessful completion of this research. Additionally, we would be
remiss to not highlight the contributions of Diya Parekh, and
Hrishikesh Singh Yadav. Their unwavering assistance and com-
mitment to fostering a conducive research environment have
been instrumental in shaping the outcomes of this study.

Appendix A. Technical Documents

Appendix A.1. Mechanical Draft of Mechanism
See Fig. A.24

Appendix A.2. Schematic of Electrical System
See Fig. A.25
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Appendix B. Abbreviation Used

Table B.5: Abbreviations Used

3D Three Dimensional
ABS Acrylonitrile Butadiene Styrene
CAD Computer Aided Design
CONOPS Concept of Operations
ESA European Space Agency
IC Integrated Circuit
ISRO Indian Space Research Organization
LiPo Lithium Polymer
MEMS Micro-Electromechanism System
NASA National Aeronautics and Space Administration
RPM Rotations Per Minute
RTOS Real Time Opearting System
References

Andersson, J., Forsell, T., 1979a. A survey of subsystems used in swedish
sounding rocket payloads, in: Proceedings of the Sth Sounding Rocket Tech-
nology Conference. URL: https://doi.org/10.2514/6.1979-518,
doi:10.2514/6.1979-518.

Andersson, J., Forsell, T., 1979b. A survey of subsystems used in swedish
sounding rocket payloads, in: 5th Sounding Rocket Technology Conference,
p. 518.

Bulut, S.N., Giil, M., Beker, C., 1pek, ii, Kogulu, OEC, Topaloglu, C.,
Dinger, N., Kirli, A., Ertugrul, H.F.,, Tiifek¢i, C.S., 2013. Model satellite
design for cansat competition, in: 2013 6th International Conference on Re-
cent Advances in Space Technologies (RAST), IEEE. pp. 913-917.

Chun, C., Tanveer, M.H., Chakravarty, S., 2023. The cansat compendium: A
review of scientific cansats. Machines 11, 675.

Corliss, WR., 1971. NASA sounding rockets, 1958-1968: A historical sum-
mary. volume 4401. Scientific and Technical Information Office, National
Aeronautics and Space ....

Mao, H., Sinn, T., Vasile, M., Tibert, G., 2016. Post-launch analysis of the
deployment dynamics of a space web sounding rocket experiment. Acta
Astronautica 127, 345-358. URL: https://www.sciencedirect.com/
science/article/pii/S0094576515301430, doi:https://doi.org/
10.1016/j.actaastro.2016.06.009.

Nishimura, Y., Tsuda, Y., Mori, O., Kawaguchi, J., 2012. The deployment ex-
periment of solar sail with a sounding rocket, in: Proceedings of the 55th
International Astronautical Congress of the International Astronautical Fed-
eration, the International Academy of Astronautics, and the International In-
stitute of Space Law. URL: https://doi.org/10.2514/6.IAC-04-A.
5.10, doi:10.2514/6.IAC-04-A.5.10.

Nootz, G., Sunkara, V., Webb, G., 2020. A mechanism to deploy a negatively
buoyant payload from a neutrally buoyant platform. IEEE Xplore doi:10.
1109/IEEECONF38699.2020.9389179.

Pepermans, L., Menting, E., Rozemeijer, M., Koops, B., Dahl, N.S., Suard, N.,
Khurana, S., van Marion, F., Kuhnert, F., Serman, M., 2022. Comparison of
various parachute deployment systems for full rocket recovery of sounding
rockets, in: Proceedings of the 7th European Conference for Aeronautics
and Aerospace Sciences (EUCASS), Delft Aerospace Rocket Engineering
(DARE), Mekelweg 4, 2628CD Delft, The Netherlands. doi:10.13009/
EUCASS2019-411.

Roland, J., Edwards, D., Harris, A., 2016. Electronic nose cone separa-
tion ring (ensr) for deployment of rocket recovery parachute, in: AIAA
SPACE 2016, American Institute of Aeronautics and Astronautics, Long
Beach, California. URL: https://doi.org/10.2514/6.2016-5364,
doi:10.2514/6.2016-5364.

Shukla, P., Mishra, R., Sardar, U.A., Mohapatra, B., 2022. Satellite design
for cansat with autorotatig payloads, in: 2022 4th International Confer-
ence on Advances in Computing, Communication Control and Networking
(ICAC3N), IEEE. pp. 2385-2392.

13

Valenzeno, M., Cruz, R., Maksimowicz, M., Maksimowicz, M., Habel, C.,
Pekalal, M., Begalowski, P., Stolz, B., 2018. Team 65 Project Technical
Report to the 2018 Spaceport America Cup. Technical Report. University of
Illinois at Chicago. Chicago, Illinois, 60607, United States.


https://doi.org/10.2514/6.1979-518
http://dx.doi.org/10.2514/6.1979-518
https://www.sciencedirect.com/science/article/pii/S0094576515301430
https://www.sciencedirect.com/science/article/pii/S0094576515301430
http://dx.doi.org/https://doi.org/10.1016/j.actaastro.2016.06.009
http://dx.doi.org/https://doi.org/10.1016/j.actaastro.2016.06.009
https://doi.org/10.2514/6.IAC-04-A.5.10
https://doi.org/10.2514/6.IAC-04-A.5.10
http://dx.doi.org/10.2514/6.IAC-04-A.5.10
http://dx.doi.org/10.1109/IEEECONF38699.2020.9389179
http://dx.doi.org/10.1109/IEEECONF38699.2020.9389179
http://dx.doi.org/10.13009/EUCASS2019-411
http://dx.doi.org/10.13009/EUCASS2019-411
https://doi.org/10.2514/6.2016-5364
http://dx.doi.org/10.2514/6.2016-5364

	Introduction
	Background Theory
	Ongoing Research
	Problems with Other Mechanism
	Deployment Mechanism Design
	Mechanical Systems
	Rack - Pinion Mechanism
	Payload Bay Bulkhead
	Payload Bay Door

	Electrical and Control Systems
	Processing Unit
	Measuring Flight Parameters
	Actuators
	Power System


	Calculations for Mechanism
	Torque of Servo Motor
	Tangential Force on Payload
	Time for Payload Deployment
	Horizontal Acceleration of the Payload
	Friction Force on Payload
	Maximum Permissible Mass of Payload

	Testing of Mechanism
	Mechanical Simulations
	Structural Simulation on Payload Door 
	Structural Simulation on Rack Mechanism

	Possible Failures in Mechanism
	Concept of Operations (CONOPS)
	Conclusions
	Technical Documents
	Mechanical Draft of Mechanism
	Schematic of Electrical System

	Abbreviation Used

