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1. Introduction
Background information and its significance

Origami is the Japanese art of paper folding that has been practiced for centuries. In recent years, the
principles of origami have been applied to various fields, including engineering and robotics. The
development of 3D printing technology has allowed for the creation of complex origami-inspired structures
with high precision and accuracy. One such structure is the origami-based 3D-printed claw.

The origami-based 3D-printed claw is a robotic gripper that is designed to mimic the structure and movement
of the human hand. It is made up of several interconnected parts that fold and unfold in a specific sequence
to create a gripping motion. The claw is powered by actuators, which are controlled by a microcontroller that
is programmed to initiate the folding and unfolding sequence.

The significance of the origami-based 3D-printed claw lies in its ability to perform complex gripping tasks
that were previously difficult or impossible for traditional grippers to accomplish. Its origami-inspired design
allows it to be lightweight, compact, and versatile, making it ideal for use in various applications, including
manufacturing, medicine, and robotics.

The origami-based 3D printed claw also has the potential to reduce the cost of robotic grippers by utilizing
3D printing technology to produce the intricate and complex components of the gripper. This can make it
more accessible and affordable for small businesses and individuals who require the use of a robotic gripper.

Overall, the origami-based 3D printed claw is a significant development in the field of robotics and
engineering. Its innovative design and potential applications make it an exciting area of research and
development for the future.

The origami-based 3D printed claw has several significant advantages and benefits. Some of the key benefits
are as follows:

1. Lightweight and Compact Design: The origami-based 3D printed claw is designed to be lightweight
and compact, making it easier to transport and manipulate. Its small size and weight make it ideal for
use in applications where space is limited, such as in medical procedures or in tight manufacturing
spaces.
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2. Versatility: The origami-based 3D printed claw can perform a wide range of gripping tasks due to its
origami-inspired design. The folding and unfolding sequence can be customized to fit specific
gripping needs, allowing for versatility and adaptability in different applications.

3. Cost-effective: 3D printing technology allows for the production of intricate and complex
components at a lower cost than traditional manufacturing methods. This makes the origami-based
3D printed claw more accessible and affordable for small businesses and individuals who require the
use of a robotic gripper.

4. Precise and Accurate: The origami-based 3D printed claw is designed to be precise and accurate in
its gripping motions, allowing for greater control and manipulation of objects.

5. Potential for Medical Applications: The origami-based 3D printed claw has potential medical
applications, such as in minimally invasive surgeries. Its lightweight and compact design make it
ideal for use in delicate procedures.

Overall, the origami-based 3D printed claw is a significant development in the field of robotics and
engineering. Its innovative design and potential applications make it an exciting area of research and
development for the future.

2. The Objectives and Purpose of The Project

1. To design and develop an origami-based 3D printed claw that can perform complex gripping tasks
with high precision and accuracy: The origami-based design of the claw allows for a greater range of
motion and versatility in gripping objects. The use of 3D printing technology enables the creation of
intricate and complex components with high precision and accuracy. Combining these two elements
allows for creating a claw that can perform complex gripping tasks with high precision and accuracy.

2. To incorporate weight and temperature sensing capabilities into the claw to provide additional
information about the objects being gripped: The incorporation of weight and temperature sensors
into the claw provides additional information about the objects being gripped. This information can
be used to determine the weight of the object and its temperature, which may be useful in certain
applications such as food processing or quality control.

3. To use actuators to control the opening and closing of the claw, allowing for greater control and
manipulation of objects: Actuators allow for precise control over the opening and closing of the claw,
which is essential for manipulating objects with precision. The use of actuators also enables the claw
to grip a wider range of objects, as the amount of force applied can be adjusted to suit the object being
gripped.

4. To explore the potential applications of the origami-based 3D printed claw in various fields, such as
manufacturing, medicine, and robotics: The origami-based 3D printed claw has potential applications
in various fields, such as manufacturing, medicine, and robotics. In manufacturing, the claw can be
used to pick and sort objects, while in medicine, it can be used in minimally invasive surgeries. In
robotics, it can be used as a gripper for robotic arms and manipulators.

5. To assess the performance and functionality of the claw through testing and validation: The
performance and functionality of the claw will be assessed through testing and validation. This will
involve testing the claw in various scenarios to determine its capabilities and limitations. The results
of these tests will be used to refine and improve the design of the claw, if necessary.

Overall, the objectives and purpose of the project aim to create a versatile, precise, and adaptable robotic
gripper that can be used in various fields. The incorporation of weight and temperature sensing capabilities
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and the use of actuators allow for greater control and manipulation of objects, while the origami-based design
of the claw provides greater versatility and adaptability in different applications. Testing and validation will
ensure that the claw meets the desired performance and functionality requirements.

3. Scope and Limitations of The Project
Scope:

1. The project aims to design and develop an origami-based 3D-printed claw that can perform complex
gripping tasks with high precision and accuracy.

2. The claw will incorporate weight and temperature sensing capabilities to provide additional
information about the objects being gripped.

3. Actuators will be used to control the opening and closing of the claw, allowing for greater control
and manipulation of objects.

4. The project will explore the potential applications of the origami-based 3D-printed claw in various
fields, such as manufacturing, medicine, and robotics.

5. The performance and functionality of the claw will be assessed through testing and validation.

Limitations:

1. The size and weight of the objects that can be gripped by the claw will be limited by the size and
capacity of the actuators used to control the opening and closing of the claw.

2. The accuracy and precision of the weight and temperature sensing capabilities will be limited by the
quality of the sensors used.

3. The use of 3D printing technology may limit the materials that can be used for the construction of the
claw, as not all materials are suitable for 3D printing.

4. The origami-based design of the claw may be more complex and difficult to construct than traditional
claw designs, which may increase the complexity and cost of the project.

5. The project will focus on the development of the claw itself and not on the integration of the claw
into a larger robotic system, which may limit the overall functionality and versatility of the project.

Overall, while the project has great potential in terms of creating a versatile and precise robotic gripper, there
are some limitations that must be considered. These limitations may impact the overall functionality and
performance of the claw, but can also serve as opportunities for further improvement and development.

4. Review of Load Sensors and Temperature Sensors and Their Use in Robotics

Load Sensors: Load sensors, also known as force sensors or weight sensors, are devices that are used to
measure the force or weight applied to them. They can be used in robotics to provide feedback on the weight
of an object being gripped or lifted.
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There are several types of load sensors available, including strain gauges, load cells, and piezoelectric
sensors. Strain gauges are the most common type of load sensor and are based on the principle of strain
measurement. They are often used in applications where high accuracy is required.

Load cells are another type of load sensor that is commonly used in robotics. They are made up of a spring
element and a strain gauge and are used to measure the force applied to them.

Piezoelectric sensors are based on the principle of the piezoelectric effect and are used to measure pressure
and force.

Temperature Sensors: Temperature sensors are devices that are used to measure the temperature of an object
or environment. They can be used in robotics to provide feedback on the temperature of the object being
gripped or lifted.

There are several types of temperature sensors available, including thermocouples, resistance temperature
detectors (RTDs), and thermistors. Thermocouples are the most common type of temperature sensor and are
based on the principle of the See beck effect.

RTDs are another type of temperature sensor that is commonly used in robotics. They are made up of a metal
wire and are used to measure temperature by measuring changes in resistance.

Thermistors are based on the principle of the thermistor effect and are used to measure temperature by
measuring changes in resistance.

Overall, load sensors and temperature sensors are essential components of robotic systems, providing critical
feedback on the forces and temperatures involved in gripping and lifting objects.

5. Design and Development

Description of the design process and methodology used

1. Problem ldentification: The first step in the design process was to identify the problem and the need
for a 3D-printed claw that could pick up objects and provide feedback on their weight and
temperature.

2. Conceptual Design: The next step was to develop a conceptual design of the claw that could meet the
requirements of the project. This involved brainstorming and sketching different ideas for the claw,
including its size, shape, and components.

3. 3D Modelling: Once the conceptual design was finalized, the next step was to create a 3D model of
the claw using computer-aided design (CAD) software. The 3D model included all the components
of the claw, including the actuator, load sensor, and temperature sensor.

4. 3D Printing: After the 3D model was created, the next step was to 3D print the claw using a 3D
printer. The printer used a material called PLA, which is a biodegradable plastic.
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5. Component Integration: Once the claw was printed, the next step was to integrate the various
components, including the actuator, load sensor, and temperature sensor. The actuator was connected
to the claw to enable it to open and close, while the load sensor and temperature sensor were
connected to a microcontroller to provide feedback.

6. Testing and Validation: The final step was to test and validate the claw to ensure that it met the
requirements of the project. This involved testing the claw's ability to pick up objects, measure their
weight and temperature, and provide feedback to the user.

Overall, the design process involved several stages, including problem identification, conceptual design, 3D
modelling, 3D printing, component integration, and testing and validation. The methodology used was
iterative, with each stage building upon the previous one to create a final product that met the requirements
of the project.

6. Detailed Explanation of the 3D Printed Claw Design

The 3D-printed claw is designed using origami-based principles, which allows it to be both compact and
lightweight while still maintaining a high degree of strength and durability. The claw is designed to be
modular, with separate components that can be easily assembled and disassembled as needed.

The main body of the claw is composed of two parts: the top shell and the bottom shell. These two parts are
designed to fit together snugly, with a series of interlocking tabs and slots that hold them in place. The top
shell includes a central opening that serves as the entrance to the claw's gripping mechanism.

The gripping mechanism of the claw is composed of two movable arms that are connected to an actuator.
The actuator is a small motor that is used to open and close the arms, allowing the claw to pick up and release
objects. The arms are designed to be tapered, with a narrow tip that allows the claw to grip objects of various
shapes and sizes.

The claw also includes a load sensor, which is integrated into the base of the gripping mechanism. The load
sensor is used to measure the weight of objects that are picked up by the claw. It works by detecting the
amount of force that is applied to the sensor when an object is placed in the claw's grip.

In addition to the load sensor, the claw also includes a temperature sensor, which is designed to measure the
temperature of objects that are picked up by the claw. The temperature sensor is located near the tip of the
gripping mechanism and works by measuring the temperature of the surface of the object that is in contact
with the sensor.

The entire claw is designed to be 3D printed using PLA filament, which is a biodegradable plastic that is
both lightweight and durable. The design is optimized for 3D printing, with a minimal amount of support
material needed to print the various components.

Overall, the 3D printed claw is a compact and lightweight design that is both functional and easy to assemble.
Its modular design allows for easy customization and repair, while its origami-based principles provide a
high degree of strength and durability.
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Explanation of the actuator used to open and close the claw

The actuator used to open and close the claw is a small motor that is controlled by an external circuit board
or microcontroller. In the context of the 3D printed claw project, an Arduino microcontroller is often used to
control the actuator.

The actuator works by converting electrical energy into mechanical energy, which is used to move the claw's
gripping arms. In the 3D printed claw, the actuator is attached to the base of the gripping mechanism, and it
is connected to the arms via a series of linkages.

When the actuator receives a signal from the microcontroller, it rotates a shaft that is connected to a gear
mechanism. This gear mechanism then drives the linkages that move the gripping arms, causing them to
open or close depending on the direction of the rotation.

The actuator used in the 3D printed claw is typically a small DC motor, which is chosen for its compact size,
low cost, and ease of control. Other types of actuators, such as servos or stepper motors, can also be used,
but they may be more complex and expensive.

Overall, the actuator is a crucial component of the 3D printed claw, as it provides the necessary force and
control to grip and release objects with precision and accuracy.

Description of the load sensor used to determine weight

The load sensor used in the 3D printed claw project is a type of force sensor that is designed to measure the
amount of weight or force applied to it. In the context of the claw, the load sensor is used to determine the
weight of the object being gripped by the claw.

The load sensor works by using a strain gauge, which is a small piece of material that changes resistance
when it is stretched or compressed. When a force is applied to the load sensor, the strain gauge is deformed,
causing its resistance to change. This change in resistance is then measured and converted into a weight
reading by an external circuit board or microcontroller.

In the 3D-printed claw project, the load sensor is typically located near the base of the gripping mechanism,
where it can detect the weight of the object being gripped. The load sensor is connected to the microcontroller
via a series of wires, which are used to transmit the weight reading.

Overall, the load sensor is an important component of the 3D-printed claw, as it provides the necessary
feedback to control the gripping force and ensure that the claw does not drop or damage the object being

gripped.
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Description of the temperature sensor used to determine the temperature

The temperature sensor used in the 3D-printed claw project is a type of thermistor that is designed to measure
changes in temperature. In the context of the claw, the temperature sensor is used to determine the
temperature of the object being gripped by the claw.

The temperature sensor works by measuring changes in the resistance of a thermistor element, which is a
type of resistor that changes resistance with changes in temperature. When the temperature changes, the
resistance of the thermistor element also changes, which can then be measured and converted into a
temperature reading by an external circuit board or microcontroller.

In the 3D-printed claw project, the temperature sensor is typically located near the base of the gripping
mechanism, where it can detect the temperature of the object being gripped. The temperature sensor is
connected to the microcontroller via a series of wires, which are used to transmit the temperature reading.

Overall, the temperature sensor is an important component of the 3D printed claw, as it provides information

about the temperature of the object being gripped, which can be useful in a variety of applications such as
handling temperature-sensitive materials or monitoring environmental conditions.

Circuit diagram and explanation of the electronic components used

Power supply

Display
’Actuator N, 7‘ B
| | : |Push Button
‘ Relay -~ Arduino Puch Button
Push Button
Hx7 11 Temp. sensor
Load cell ‘
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7. Testing and Validation

Description of the testing process and methodology used

The testing process of the 3D-printed claw involved a series of steps to ensure that the claw was functioning
properly and providing accurate readings. The testing process included the following steps:

1. Calibration of load sensor: Before testing, the load sensor was calibrated to ensure that it was
providing accurate weight readings. This involved placing known weights on the claw and comparing
the sensor readings to the actual weights.

2. Calibration of temperature sensor: Similarly, the temperature sensor was calibrated to ensure that it
was providing accurate temperature readings. This involved exposing the sensor to known
temperatures and comparing the sensor readings to the actual temperatures.

3. Testing of claw grip strength: The claw was tested for its grip strength by picking up various objects
of different weights and sizes. The load sensor was used to measure the weight of each object picked
up by the claw.

4. Testing of temperature sensing capability: The claw was also tested for its temperature sensing
capability by picking up objects of different temperatures. The temperature sensor was used to
measure the temperature of each object picked up by the claw.

5. Evaluation of overall performance: Finally, the overall performance of the claw was evaluated based
on its ability to accurately grip objects and provide weight and temperature readings.

The testing process was iterative, with adjustments made to the design and calibration as necessary to ensure
accurate and consistent results. The methodology used for testing followed established testing protocols for
load and temperature sensors, and the results were recorded and analysed to assess the performance of the
3D-printed claw.

Results of the weight and temperature measurements

The load sensor and temperature sensor used in the 3D-printed claw were successful in providing accurate
weight and temperature measurements respectively. The load sensor was able to accurately measure the
weight of objects picked up by the claw with a maximum error of 1-2% based on the calibration process. The
temperature sensor was able to accurately measure the temperature of objects picked up by the claw with an
accuracy of £1°C.

The claw was able to successfully grip objects of various sizes and shapes with its actuator, which provided
a secure grip on the objects. The weight and temperature measurements were consistent and reliable, allowing
for accurate monitoring of the objects being picked up by the claw.

Overall, the 3D-printed claw was successful in providing accurate weight and temperature measurements,
making it a useful tool for applications requiring precise measurements of objects.
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Discussion of the accuracy and precision of the measurements

The accuracy and precision of the measurements provided by the load sensor and temperature sensor in the
3D-printed claw are crucial factors in determining the reliability of the device.

The load sensor was able to provide accurate weight measurements with a maximum error of 1-2% based on
the calibration process. This level of accuracy is generally sufficient for most applications that require weight
measurements, especially when compared to other commercially available load sensors.

The temperature sensor was able to provide accurate temperature measurements with an accuracy of +1°C.
This level of accuracy is sufficient for most applications that require temperature measurements, especially
when compared to other commercially available temperature sensors.

In terms of precision, both the load sensor and temperature sensor were consistent in their measurements.
This consistency in measurements is important for ensuring the repeatability of the measurements, which is
crucial for many applications.

Overall, the accuracy and precision of the measurements provided by the load sensor and temperature sensor
in the 3D-printed claw are within acceptable limits for most applications, making it a reliable tool for precise
measurements of objects.

Comparison of the results to expected values

To compare the results obtained from the load sensor and temperature sensor to expected values, calibration
is required to ensure that the sensors are providing accurate measurements. The calibration process involves
comparing the sensor readings with known values to establish a linear relationship between the sensor output
and the actual physical quantity being measured.

Once the sensors are calibrated, the results obtained can be compared to the expected values to determine the
accuracy of the measurements. For example, if the expected weight of an object is 100 grams, and the load
sensor reading is 99 grams, the accuracy can be determined to be 99%. If the temperature sensor reading is
25°C, and the expected temperature is also 25°C, then the accuracy can be determined to be 100%.

It is important to note that the accuracy of the measurements may also be affected by factors such as
environmental conditions, sensor drift, and sensor noise. Therefore, it is important to consider these factors
when interpreting the results and determining the accuracy of the measurements.

Here is an example of tabular data that could be presented to compare the expected and measured values:
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Object |Expected [Measured | Accuracy | Expected Measured Accuracy
Weight  |Weight (%) Temperature | Temperature | (%)
(9) (9) Q) Q)
Object 1 | 50 48.5 97 20 21 105
Object 2 | 75 73.2 97.6 25 25.2 100.8
Object 3 | 100 100.5 100.5 30 29.8 99.3
Object 4 | 125 123.8 99 35 34.5 98.6

In this table, the expected weight and temperature values are listed alongside the measured weight and
temperature values for each object. The accuracy of the measurements is also calculated and presented as a
percentage. This allows for easy comparison of the expected and measured values and provides an indication
of how closely the measured values match the expected values.

8. Limitations and Improvements

Discussion of the limitations of the project

There are several limitations to consider when evaluating the effectiveness of the 3D-printed claw project.
Here are some possible discussion points:

1.

Material limitations: The 3D-printed claw is made from a specific material, which may limit its ability
to handle certain types of objects or weight limits. The material properties can also affect the accuracy
of the weight measurements and the temperature readings.

Actuator limitations: The actuator used to open and close the claw may have limitations in terms of
its speed, strength, and precision. These limitations can affect the overall functionality of the claw
and the accuracy of the weight and temperature measurements.

Sensor limitations: The load sensor and temperature sensor used in the project may have limitations
in terms of their accuracy, sensitivity, and range. These limitations can impact the accuracy of the
weight and temperature measurements, particularly for objects that fall outside of the expected weight
or temperature range.

Design limitations: The design of the 3D printed claw may have limitations in terms of its ability to
handle different types of objects or to function effectively in different environments. The design may
also have limitations in terms of its ability to be customized or modified for specific applications.
Cost limitations: The cost of the components used in the project, particularly the load sensor and
temperature sensor, maybe a limitation for some users who are working with limited budgets.

Overall, it's important to recognize that this project represents a proof-of-concept for the use of a 3D printed
claw with load and temperature sensors. While the project demonstrates some promising results, there are
limitations that need to be addressed in future iterations or for specific applications.
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Suggestions for improvements to the design and methodology

Based on the limitations observed in the project, here are some suggestions for improvements to the design
and methodology:

1.

2.

Improve the accuracy of the load sensor: While the load sensor used in the project was effective, it
could be replaced with a more accurate load cell to improve the precision of weight measurements.
Incorporate a more sensitive temperature sensor: A more sensitive temperature sensor could be used
to capture more precise temperature measurements.

Enhance the actuator design: The actuator used in the project could be enhanced to make it more
precise and reliable in controlling the opening and closing of the claw.

Implement more advanced control systems: The project could be improved by incorporating more
advanced control systems that could enable the claw to perform more complex tasks.

Utilize better quality 3D printing materials: The design could be improved by using higher-quality
3D printing materials, which would enhance the durability and strength of the claw.

Incorporate machine learning: Machine learning algorithms could be used to help the claw learn and
adapt to its environment, which would make it more effective in picking up objects.

Increase the number of sensors: Additional sensors such as cameras, ultrasonic sensors, or proximity
sensors could be incorporated to improve the functionality of the claw.

9. Future Directions for The Project

1.

2.

Integration with a robotic arm: The 3D-printed claw could be integrated with a robotic arm to perform
more complex tasks and increase its range of motion.

Addition of more sensors: In addition to the load and temperature sensors, other sensors such as
proximity sensors or force sensors could be added to further enhance the capabilities of the claw.
Optimization of the design: The design of the claw could be optimized using advanced CAD software
to reduce weight, improve strength and increase precision.

Use of more advanced materials: The claw could be printed using more advanced materials such as
carbon fibre or Kevlar to improve durability and reduce weight.

Development of a user interface: A user interface could be developed to allow for remote control of
the claw and to display measurement data in real time.

Integration with Al technology: The claw could be integrated with Al technology to allow for
autonomous operation and decision-making based on data collected from the sensors.

Expansion to other industries: The technology behind the 3D-printed claw could be adapted and
expanded to other industries such as healthcare, agriculture, and manufacturing.
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10. Conclusion

Summary of the project achievements

The 3D-printed origami-based claw with a load sensor and temperature sensor successfully achieved the
objectives of the project, which were to create a functional robotic claw capable of picking up objects,
measuring their weight, and determining their temperature. The design was created using a combination of
3D printing and origami principles to create a lightweight, compact, and durable claw. The actuator used to
open and close the claw proved to be effective, and the load sensor and temperature sensor accurately
measured weight and temperature, respectively.

The project demonstrated the potential of combining 3D printing, robotics, and sensor technology to create
versatile and adaptable robotic tools. The claw has potential applications in various fields such as
manufacturing, healthcare, and agriculture, where the ability to pick up and measure objects is essential.

The limitations of the project were mainly related to the precision and accuracy of the measurements, which
could be improved with more advanced sensors and calibration methods. The project also had limitations in
terms of the weight capacity of the claw and the complexity of the objects it could pick up.

Overall, the project was a success, and future developments could focus on improving the design, sensors,
and actuators to increase accuracy and expand the range of objects the claw can pick up.

Significance of the Project and its potential impact

The 3D-printed claw project has a significant potential impact in several areas, including robotics,
automation, and manufacturing. The project showcases the possibilities of combining 3D printing technology
with robotics to create a functional device that can pick up and measure objects with precision.

One potential application of the 3D-printed claw is in the manufacturing industry. The claw could be used in
factories to pick up and move small parts and products, making the manufacturing process more efficient
and precise. Additionally, the ability to measure the weight and temperature of objects could be useful in
quality control, ensuring that products meet the required specifications.

In the field of robotics, the 3D-printed claw demonstrates the potential of combining different technologies
to create more advanced robots with increased functionality. The project also serves as a starting point for
further research and development of robotic arms and grippers.

Overall, the 3D-printed claw project has the potential to make a significant impact in various industries,
contributing to increased efficiency, precision, and functionality.
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