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license, and indicate if changes were made . You may do so in any reasonable manner, but not in any way that suggests the licensor endorses you or your use. ShareAlike — If you remix, transform, or build upon the material, you must distribute your contributions under the same license as the original. No additional restrictions — You may not apply
legal terms or technological measures that legally restrict others from doing anything the license permits. You do not have to comply with the license for elements of the material in the public domain or where your use is permitted by an applicable exception or limitation . No warranties are given. The license may not give you all of the permissions
necessary for your intended use. For example, other rights such as publicity, privacy, or moral rights may limit how you use the material. The parts of a robot all play a role in its operations and determine the kind of tasks it can be used for. Therefore, having an in-depth understanding of such parts would be the first step towards choosing the right
industrial robot for your needs. While there are many parts to consider, perhaps it would be beneficial to start with one of the key ones; a robotic manipulator. What is Robotic Manipulation? A robot is a machine that is programmed to automatically perform specific tasks predictably. To do this, it has to handle objects and either move them or impact
them through actions like welding or drilling. It is this handling or procedures performed on objects that is referred to as robotic manipulation. This definition thereby gives us context to define robotic manipulators. A robotic manipulator is an arm-like structure joined to the body of a robot and is used to execute tasks. A robot without a manipulator
would be the equivalent of a person performing a task with their hands tied behind their back, it simply is not viable. It is, in fact, for this reason that robotic manipulators are also known as robot arms. What do Robot Manipulators Consist of? Source: Kawasaki Robot manipulators consist of a series of joints and links fused in their interior structure.
From the outside, the robotic manipulator arm only seems to be mounted onto the robot. However, the series of joints and links go further into the robot body to bind them. This ensures that the robot and the manipulator work together in coordinated fluid motions. Links are rigid components that merge different parts of a robot. While their rigidity
provides a firm structure, it would make it difficult for the robot parts to move during tasks. As a result, joints are added to the links to facilitate flexibility. Joints are movable components that slide against each other to facilitate linear, rotary, or revolutionary motion of robot parts. They are built and work in the same way as a human elbow or knee.
Robot Manipulators in Different Robots Source: www.brainkart.com The types and number of joints that a robot manipulator has determines its degrees of freedom, the shape of its work envelope, and how it can be applied. This in turn determines how a robot is categorized. For illustration, let us examine different types of robots and the structures of
their robotic manipulators. Cartesian Robot- its manipulators are linked using 3 prismatic joints which are perpendicular to each other and only provide linear sliding motions. As a result, a Cartesian robot is classified as a 3-axis robot and has a geometrical work envelope. Polar Robot- the arm and body of a polar robot are joined using a revolute
joint. This type of joint enables circular motions which enable the polar robot arm to move within 3 axes in a polar geometry system. Cylindrical robot- a cylindrical robot arm operates using a rotary joint at the base and a linear joint that allows it to move along the vertical axis. The setup of these joints allows for the manipulator to elongate and
retract but its work envelope is still rather limited to a small cylindrical shape. SCARA Robot - the joints in a SCARA robot are rotary and facilitate its movements along the XY axes while remaining rigid in the Z-axis. Due to the joints being a horizontal plane, SCARA robots have wide work envelopes in a semi-circular shape. Articulated Robot- an
articulated robot has the most flexible manipulators among all other robots. The robotic manipulator arm is linked to the robot body by a rotary joint while the elbow and other parts in the arm are linked using revolute joints. The revolute joints allow the arm to roll, pitch, and yaw thereby making a 6-axis robot. Applications of Robotic Manipulators
The flexibility of various robotic manipulators can be harnessed to automate processes in different industries. Examples of such application include: Robotic surgery- in this application, an articulated robotic manipulator is fitted with surgical instruments as end-effectors. It is controlled remotely by a surgeon to execute surgical maneuvers. Pick and
place - this is a common industrial application where robot manipulators are applied for repetitive pick and place tasks such as packing goods. PCB Assembly - in this instance, a robotic manipulator replaces the hands of a human worker to assemble microparts on a PCB board with high precision and speed. Conclusion It is safe to say that the robotic
manipulator meaning in robotics goes further than just the function. It goes further to define the structure and how a robot can be applied. Quality manipulators from a reputable robotic arm manufacturer would therefore be a worthy investment for anyone venturing into robotics. Industrial robots have revolutionized the manufacturing process in
numerous industries. Originally introduced to work in inaccessible places and handle radioactive or biohazardous materials, robots are now found in various automation applications, including welding, assembly, robotic surgery, pick-and-place tasks, plastic injection molding, and much more. If you're searching for the right industrial robot for the
plastics industry, it’s helpful to understand the machine’s different components. One of the most crucial of these is the robot manipulator. What is a Robot Manipulator? The arm-like structure of an industrial robot is known as a robot manipulator. This component is responsible for completing the tasks the robot is programmed to perform. Also known
as a robot arm, the manipulator mounts to the robot body and consists of multiple links and joints. Links are rigid components that connect different sections of the robot arm. Their rigidity provides a solid structure, but joints are necessary for flexibility. As with the human body, robotic joints move in different ways, facilitating linear, rotary, and
revolutionary motions. This allows the robot to perform the desired movements within its work envelope. Different Types of Robot Manipulators The types and number of joints a robot manipulator has determines its degree of movement, the shape of its work envelope, and potential applications. Here’s a look at the most common types of robot
manipulators used today: Gantry or Cartesian robot manipulators are mounted overhead and have three prismatic joints that provide linear sliding motions. They are classified as 3-axis robots and have large rectangular or cubic work envelopes. Cylindrical robot manipulators are named for the shape of their work envelope. They include linear joints
connected to a rotary base that facilitates movement along the vertical axis. This setup allows the manipulator to elongate and retract anywhere within 360 degrees. Selective Compliant Assembly Robot Arm (SCARA) robot manipulators have rotary joints and move along the X/Y axis while remaining rigid in the Z axis. The result is a wide, semi-
circular work envelope. SCARA robot manipulators are classified as 4-axis robots. Polar robot manipulators feature a combination of rotary and linear joints mounted to a base using a revolute joint. This enables circular motions that allow the arm to move within three axes for a spherical work envelope. Articulated robot manipulators are the most
flexible industrial robotic configuration. The arm connects to the base via a rotary joint, and the links within the arm connect using revolute joints, allowing the arm to roll, pitch, and yaw. These manipulators are classified as 6-axis robots. Now that you know more about robot manipulators, you may better understand what type you need for your
plastic injection molding business. Turn to Robotic Automation Systems for a complete range of industrial robots from today’s top manufacturers. Our facility is centrally located near Madison, Wisconsin, enabling us to serve businesses nationwide. Contact us at (608) 849-0880 to learn more about how our robotics expertise can help you gain a
competitive advantage in the plastics industry! A manipulator is a robotic arm that interacts with the environment. It's not just an add-on; it's what gives a robot its purpose. It is responsible for the robot’s functionality, whether it's lifting a heavy object, assembling a small component, or painting a car.Not all manipulators are created equal. Each type
has its own set of characteristics—strengths, limitations, and ideal work environments. Picking the wrong one for your specific application is like using a bread knife to cut a steak—it's doable but far from efficient.In this article, we'll dissect the different types of manipulators used in robotics, where they shine and their limitations. Whether you're
interested in implementing a new robotic system or looking to upgrade an existing one, this article aims to guide you in making an informed choice.Cartesian manipulatorsCartesian manipulators, also known as XYZ manipulators, have three linear joints that use the Cartesian coordinate system—X, Y, and Z—to move in straight lines along these axes.
This straightforward geometry makes them easy to understand and program.These manipulators are often found in applications like 3D printing, milling, and laser cutting, where you need straight lines and precision. You'll mostly see Cartesian manipulators doing monotonous tasks that require a high degree of accuracy, like placing electronic
components on a circuit board.Pros: The design is simple, making them easier to maintain and troubleshoot.Due to their straightforward geometry, Cartesian manipulators excel in tasks requiring high precision.They can handle substantial loads since the weight is distributed evenly across the structure.Cons: They can only move in straight lines, so if
your application requires rotational movement, this isn't your best bet.They often occupy a larger workspace compared to other types, which can be a disadvantage in confined spaces.Practical tipWhen considering a Cartesian manipulator, evaluate the workspace carefully. If you have ample room and require precise, linear movements, this
manipulator is an excellent choice. But, be cautious about using it in areas where multi-directional or rotational movements are necessary—Cartesian manipulators simply aren't built for that.Cylindrical manipulatorsAt first glance, cylindrical manipulators look somewhat like an arm extending from a cylindrical base. They have one rotary joint at the
base and a linear joint that allows the arm to move vertically and radially. Their movement is based on cylindrical coordinates—hence the name.You'll find these manipulators in action where there's a need for a robust and straightforward system. They're often used in applications like material handling, simple pick-and-place tasks, and some types of
machine tending.Pros: They can handle various tasks without needing constant adjustments, thanks to their fixed base.With fewer axes to worry about, programming a cylindrical manipulator can be less complex compared to more articulated systems.Cons:Their reach is confined to a cylindrical space, which limits where they can go.While they're
efficient for specific tasks, they might not be the fastest option available, especially for complex operations.Practical tipIf you're eyeing a cylindrical manipulator, consider the space in which it will operate. If your tasks fall within a cylindrical work envelope and don't require complex maneuvers, this type might be an ideal fit. But, if your application
calls for agility or a broad reach, you might want to explore other options.Spherical (Polar) manipulatorsUnlike Cartesian or cylindrical manipulators, spherical manipulators use a combination of rotary joints to move within a spherical workspace. They have a fixed base and usually two or three rotary joints, allowing them to cover a broad range of
motions within that sphere.You can find them in tasks requiring a bit more freedom in movement than cylindrical ones can offer but still within a confined space. Applications might include welding, spray painting, or basic assembly tasks.Pros: Their design allows them to move with greater range within a confined workspace.Because they operate
within a spherical envelope, they're better suited for spaces where the footprint needs to be minimized.They usually require fewer parts than more complex manipulators, making them relatively economical.Cons:While they offer more freedom of movement, they might not be as precise as Cartesian or cylindrical systems.Despite their fewer parts, the
spherical geometry can make them a bit more complex to program than their Cartesian counterparts.Practical tipIf you need something more dynamic than a cylindrical system but still somewhat limited in its working envelope, a spherical manipulator could be your go-to. Just be prepared for a steeper learning curve when it comes to
programming.SCARA manipulatorsSCARA stands for Selective Compliance Assembly Robot Arm, and as the name suggests, these manipulators are particularly well-suited for assembly tasks. They have two parallel rotary joints that provide compliance in a plane, making them ideal for horizontal movements.You'll commonly find SCARA manipulators
in environments that require fast, precise horizontal movements. Think of applications like high-speed assembly, sorting, or even certain types of packaging tasks.Pros: SCARA manipulators are built for speed, especially in horizontal directions. They can execute tasks quickly, making them efficient for high-throughput applications.They are highly
accurate, especially in horizontal plane movements.With fewer joints and simpler construction, they're generally easier to maintain than more complex systems.Cons:They excel in horizontal tasks but are not designed for extensive vertical movements.These manipulators operate best within a specific plane, so if your task requires multi-plane
movements, you might need to look elsewhere.Practical tipIf your application revolves around quick, precise horizontal movements—say, an assembly line for small electronics—a SCARA manipulator could be a game-changer. However, if you require a lot of lifting or vertical positioning, you might be better off considering other options.Articulated
manipulatorsArticulated manipulators, or robotic arms, are the closest to mimicking the human arm, with rotational joints that can range from just two to more than ten. They offer a high degree of freedom, allowing for movements in multiple planes.They are very versatile, so they are widely used across various sectors, from healthcare and research
to advanced manufacturing and even entertainment. You'll see them in tasks that require a high degree of dexterity, such as surgical procedures, complex assembly, and even artistic endeavors like painting.Pros: Their wide range of motion makes them suitable for tasks that require complex movements and high dexterity.Despite their complexity,
articulated manipulators often have a smaller footprint due to their ability to fold into themselves.Many articulated systems are designed to handle substantial loads, given their mechanical complexity and stability.Cons:The multiple degrees of freedom make these systems complex to program and control.Due to their complexity, articulated
manipulators are often more expensive than other types, both in terms of initial purchase and ongoing maintenance.Practical tipBefore opting for an articulated manipulator, take stock of the complexity of tasks you're looking to automate. If your operations require a high degree of dexterity and versatility, then the articulated system can be a strong
contender. However, be prepared for the associated complexities in programming and costs.Parallel manipulatorsParallel manipulators, sometimes called hexapods, are unique because they rely on multiple, parallel-linked arms working together. This structure enables the end-effector—the part of the robot that interacts with the environment—to
maintain its orientation as it moves.These manipulators excel in specialized applications like flight simulators, precision assembly, and medical surgery. Whenever you need high accuracy, stiffness, and a relatively compact footprint, a parallel manipulator could be a good fit.Pros: These manipulators offer high levels of precision due to their multiple
arms working together.The parallel linkage provides a level of rigidity, making these manipulators stable even under load.Due to their architecture, parallel manipulators can be incredibly responsive, which is vital in applications like medical surgery.Cons:Despite their precision, their operational space is typically smaller compared to other types.The
parallel structure requires sophisticated control algorithms, making them more challenging to program and operate.Practical tipIf your application demands pin-point accuracy and stiffness within a confined space, a parallel manipulator could be a strong option. However, make sure you've got the expertise to program and maintain such a complex
system, as it's not as straightforward as dealing with some of the other types.ConclusionSelecting the right manipulator for your robotic application isn't a task that should be taken lightly. Your choice can have far-reaching implications on efficiency, cost, and the overall success of your operation. By understanding the characteristics, advantages, and
limitations of different types of manipulators, you're better equipped to make an informed decision that aligns with your specific needs.Whether you're aiming for speed in a high-throughput assembly line or precision in medical procedures, there's a manipulator out there tailored to your requirements. The key is to critically assess your operational
demands and match them to the manipulator that offers the best synergy. A robotic manipulator arm is a reprogrammable and multifunctional mechanical device responsible for moving materials, parts, objects, or tools through programmed motions in order to perform various tasks. These mechanical devices are composed of a series of jointed
segments that form an arm-like manipulator. A robotic manipulator is capable of moving or handling objects automatically depending upon its given number of degrees of freedom. Those degrees of freedom are also known as axes. Each axis of a robotic manipulator correlates to the number of motors within the robot. Robotic manipulators can range
from two axes to ten or more. Most robots used in industrial settings have between four to six axes. Six-axis robotic manipulators are the most common since their range of motion is similar to the human arm. This provides the flexibility needed to automate many industrial processes with robots. The general construction of a robotic manipulator
consists of rigid links that are connected by joints. One end of the manipulator is fixed to a base while the other end is free and used for performing different robotic applications. The structure of the robotic manipulator will determine the reach of its end-effector and its work envelope. Robotic manipulators are typically divided into two parts; the
arm/body and the wrist. The arm and body of the manipulator control the movement of objects within the robot’s work envelope. For instance, when a FANUC M710ic/50 moves a part onto a conveyor. While the wrist controls the movement of the end-effector, allowing the manipulator to carry out the task it has been programmed for, such as the
FANUC M-20ia picking up a part with its gripper. Types There are several types of robotic manipulators. These types vary based upon the combination of joints and include cartesian, cylindrical, polar, articulated, SCARA, and delta configurations. Articulated manipulators are the most widely used and recognized type in manufacturing. They feature a
revolute shoulder joint that allows for rotation. The FANUC Lr Mate 200id and the ABB IRB 2600 are two examples of articulated robots. Cartesian manipulators consist of prismatic or sliding joints, providing a rectangular work envelope. Cylindrical and polar manipulators both consist of revolute joints. The work envelope of cylindrical robots is
cylindrical, while polar robots operate within a spherical envelope. SCARA and delta manipulators both utilize parallel joint configurations. Applications All robotic manipulators include a controller and teach pendant. A teach pendant is used to program the robotic manipulator while the controller functions as the “brain,” allowing the robot to
interpret and carry out the desired operations of the program. How the manipulator operates depends upon its payload capacity, speed, and repeatability. Robot manipulators are capable of automating a number of different types of applications. Some of the most common include automated welding, robotic assembly, material removal, material
handling, painting, robotic palletizing, and automated pick and place. Advancements in technology has greatly improved the accuracy and precision of robotic manipulators, allowing for the automation of new applications such as robotic 3D printing. As manipulators become more sophisticated so does the scope of robotic applications. Manufacturing
processes become more efficient, reliable, and productive with industrial robot automation. Check our live inventory for robots in stockRobots Done Right is the place to start when it comes to used robots. Contact Matt at 440-724-6568 or by email mm@robotsdoneright.com if you are interested in buying or selling your used robot. Robot manipulators
are robotic systems designed to perform physical manipulation tasks, such as lifting, moving and placing objects in different industrial environments without the need for direct contact by an operator. These traditional industrial manipulators consist, typically, of an articulated mechanical arm that is fixedly installed in the desired location and can be
controlled autonomously or teleoperated by a human operator. The manipulator arm will also carry an end tool (end effector) depending on the application. End tools can be vacuum grippers, grippers, robotic hand, screwdriver, or advanced vision / scanning systems, among others. The first uses of manipulator arms were, mostly, those that required
handling materials in places with difficult access or whose contact was dangerous for humans: radioactive, heavy, high temperatures, high voltage, etc. Nowadays, when talking about manipulator robots, we no longer understand only the manipulator arm fixed in a static way, but mobile manipulation appears as an advanced development arising from
the integration of a manipulator arm and a mobile robotic platform. A mobile manipulator is a robot that combines the manipulation capabilities of a robotic arm with the mobility of a mobile platform. That is, a mobile manipulator is capable of moving from one location to another while performing part handling tasks such as lifting, transporting or
placing objects. The most frequent mobile manipulation applications are in logistics and warehouses to transport goods between shelves or storage areas, as well as in manufacturing applications to move materials or manipulate parts between different workstations autonomously. This mobile manipulator can autonomously perform tasks ranging
from assembly or assembly of electronic components to quality control. It is equipped with a combination of sensors and actuators that enable them to understand and respond to their environment efficiently. This includes proximity sensors to detect obstacles and avoid collisions or navigation and localization systems to plan routes and move
autonomously in dynamic, unstructured environments. Improved sensory perception has enabled mobile manipulators to detect and map their environment more accurately, thanks to the integration of advanced sensors such as 3D cameras, LiDAR and ultrasound systems. In addition, the continuous development of path planning algorithms allows
them to calculate optimal routes and avoid obstacles in real time, improving efficiency and safety in autonomous navigation. The integration of machine learning systems has also made it easier for mobile robots to learn and adapt to their environment, improving decision-making and optimizing their performance in different tasks and conditions. .
One of the main features of robot manipulators is their ability to handle objects of different shapes, sizes and weights with exceptional accuracy and repeatability. This makes them ideal for a wide variety of industrial applications, such as product assembly, material handling on production lines or loading and unloading goods in warehouses and
distribution centers. In addition, manipulator robots are often equipped with a wide range of sensors, such as cameras, force sensors and proximity sensors, which enable them to adapt to the task efficiently. These sensors can be used to detect the presence of objects and obstacles, measure forces and torques during manipulation, and dynamically
adjust the robot’s path and speed based on environmental conditions. Another important feature of robot manipulators is their ability to work in harsh and hazardous environments for humans. For example, manipulator robots are commonly used in welding, painting and nuclear dismantling applications, where they can operate safely in environments
with high temperatures, radiation or toxic chemicals. Collaborative tasks in robotics refer to those activities in which robots work in close collaboration with humans or other robots to achieve a common goal. These tasks mean an active, coordinated and safe interaction between the different agents involved, either by sharing information, resources or
physical space, in order to perform a task efficiently. Collaboration in robot manipulators can be in several ways: Human-robot collaboration: mobile manipulators work together with people to perform a specific task. This can refer to performing physical manipulation tasks together or performing independent but shared tasks in the same workspace.
Inter-robot collaboration: manipulator robots can also collaborate with other robots to perform complex tasks that require the combination of different skills. For example, several robots can explore and map an unknown environment or coordinate for the different stages of product delivery in an automated warehouse. Thus, collaborative robotics is
set to improve efficiency, accuracy and safety in a wide range of industrial and service applications. This opens up new opportunities for automation and process improvement in various industries, while ensuring a safe and collaborative working environment for workers. Collaborative mobile manipulation has experienced a remarkable evolution in
recent years, advancing in important aspects such as sensing, localization, precision and reach. However, there are still challenges to be faced and much room for improvement in the robotics industry. How can manipulator robots be optimized to perform collaborative tasks with humans? To achieve effective and safe collaboration, a holistic approach
that addresses design, configuration and safety must be addressed: Operational capacity: The mobile manipulators available on the market have a limited load capacity on the manipulator arm. The one with the highest load capacity currently available is Robotnik's RB-ROBOUT+ which integrates the UR20 arm and can handle parts up to 20 kg.
Intuitive interfaces: To facilitate human-robot interaction, it is important to develop intuitive and user-friendly interfaces. This can include touch screens, simplified control panels or even gesture- or voice-based control systems that allow human operators to communicate with the robot in a natural way and without the need for overly complicated
training. Advanced sensors: equipping robots with advanced sensors, such as cameras and machine vision systems, is essential for them to accurately perceive and understand their environment. These sensors allow the robot to detect obstacles and adjust its behavior accordingly, which is essential in dynamic environments. Safe path planning: path
planning algorithms are key in human-robot collaboration. These algorithms must both take into account the presence of humans in the environment and optimize the robot's trajectory to avoid collisions and minimize injury risks. Mobile manipulation robots are highly versatile and, as technology advances, can perform a wider range of tasks in
different environments. Here are some of the tasks that these robots can perform: Logistics and material transport: robot manipulators can transport materials and goods from one location to another at different points within warehouses, distribution centers and factories. For example, collecting parts from a storage area and transferring them to a
point in the supply chain. Automated picking and packing: with the right configuration and sensorization, these robots pick and pick products in warehouses for subsequent packaging. For example, a mobile robot can navigate a warehouse, identify products on shelves and pick them for placement into shipping containers based on customer orders.
Quality control: automating inspection and quality control frees human teams from a significant workload that is repetitive and mechanical. The repeatability of a robotic arm manipulator ensures accuracy and reliability in detecting faults or defective parts. By equipping a mobile manipulator robot with an end effector such as a vision camera, you
enable it to perform safety and quality inspections in industrial environments. Assisting hospitals and healthcare clinics: a mobile robot is of great help in assisting hospitals or healthcare clinics by automating logistical tasks such as transporting medical supplies, delivering medication to patients or assisting in the delivery of biological samples to
laboratories. Technological innovation is expanding the range of robot manipulation applications. This also means that the manipulator arm is automating tasks more and more precisely, consistently and complexly. Another important development is the increase in the range of components and end effectors that can be integrated into the robotic arm,
depending on the task to be automated. Here you can find some of the options available on the market. The trend in the industry points to a steady growth in collaborative mobile handling, which is becoming even more relevant due to its versatile, flexible and safe nature. In conclusion, mobile manipulation robots offer a number of tangible
advantages in terms of operational efficiency, product quality and workplace safety. Their ability to perform repetitive tasks with pinpoint accuracy makes them valuable assets in highly demanding manufacturing environments. Furthermore, the integration of advanced sensors and machine vision systems enables real-time error detection and
correction, resulting in a significant reduction of waste and associated costs. In terms of safety, robotic manipulators can take on dangerous or tedious tasks, protecting human workers from injury and improving the quality of work life. As we move towards Industry 4.0, demand for robotic manipulators is expected to continue to grow, especially in
sectors such as automotive, electronics and logistics. With continued innovation in materials, mechanical design and system control, robotic manipulators are poised to play an even more integral role in optimizing industrial processes and creating safer and more efficient work environments. RobotopediaRobot manipulators are revolutionizing
industries around the world, playing a vital role in various applications and processes. Their versatility and adaptability make them an essential component in the ever-evolving landscape of automation and robotics. A robot manipulator is a type of robot arm that can be programmed to perform a wide range of tasks, such as assembly, material
handling, and welding. Its primary functions include moving, positioning, and manipulating objects with precision and accuracy, enabling businesses to streamline their operations and increase overall efficiency. In this article, we will explore the different types of robot manipulators, their components, and applications. We will delve into the details of
various robot manipulators, discussing their design, operation, and specific use cases. Additionally, the conclusion will summarize the key points and highlight the significance of understanding robot manipulators in today's industries. As we embark on this journey to learn more about robot manipulators, it's crucial to remember that these advanced
machines are not only transforming the way businesses operate but also paving the way for a more efficient and innovative future. Components of a Robot Manipulator Robot manipulators consist of three main components: Mechanical structure: This includes the links, joints, and end-effector that make up the arm. The arrangement of links and joints
determines the robot's degrees of freedom, which affects its range of motion and capabilities. Actuation: Actuators are responsible for driving the robot's movement. They can be electric, hydraulic, or pneumatic, depending on the specific application and requirements. Control system: This consists of sensors, controllers, and software that enable the
robot to follow a preprogrammed path or respond to external stimuli. Types of Robot Manipulators There are several types of robot manipulators, each with its unique design and capabilities: Cartesian manipulators: These have a linear motion along the X, Y, and Z axes. They're often used for pick-and-place operations and are known for their
simplicity, accuracy, and large workspace. Cylindrical manipulators: These robots move along a cylindrical coordinate system with linear motion in the radial and vertical directions and a rotary motion around the vertical axis. They're used for tasks like assembly and material handling. Spherical manipulators: These robots have a spherical workspace
and are commonly used for tasks like welding and painting, where a wide range of motion is required. SCARA manipulators: Standing for Selective Compliance Assembly Robot Arm, SCARA robots are designed for high-speed, high-precision assembly tasks. They have two parallel rotary joints for horizontal movements and one prismatic joint for
vertical movements. Articulated manipulators: These robots have multiple rotary joints, providing a wide range of motion and flexibility. They're used in various applications, from automotive welding to medical surgery. Parallel manipulators: These robots have multiple limbs that work together to move the end-effector, providing high precision,
stiffness, and load-carrying capacity. They're often used for tasks like machining and flight simulation. Design Considerations for Robot Manipulators When designing a robot manipulator, several factors must be considered: Workspace: The robot's workspace determines the range of motion and locations it can reach, affecting its suitability for
specific tasks. Payload capacity: The robot's payload capacity defines the maximum weight it can carry, which influences the types of tools and objects it can handle. Speed and accuracy: The robot's speed and accuracy impact its efficiency and the quality of its work. Flexibility and adaptability: A flexible and adaptable robot can be reprogrammed and
redeployed for different tasks, offering a more significant return on investment. Ease of programming and integration: A robot that is easy to program and integrate into existing systems reduces the time and cost of implementation. Applications of Robot Manipulators Robot manipulators are used across various industries for a wide range of tasks:
Assembly: Robots can perform precise and repetitive assembly tasks, increasing productivity and reducing human error. Material handling: Robot manipulators can handle materials with speed and accuracy, streamlining the production process and minimizing waste. Welding: Robots can perform consistent, high-quality welding tasks, resulting in
stronger and more reliable products. Painting: Robot manipulators can apply paint evenly and consistently, reducing material waste and improving product quality. Inspection and testing: Robots can perform inspections and tests quickly and accurately, ensuring product quality and reducing defects. Packaging and palletizing: Robot manipulators can
package and palletize products efficiently, reducing labor costs and minimizing errors. In summary, robot manipulators play a crucial role in various industries and applications, offering unparalleled precision, accuracy, and efficiency. By understanding the different types of robot manipulators, their components, and their applications, businesses can
make informed decisions about implementing these advanced machines in their operations. The wide range of robot manipulator types, such as Cartesian, cylindrical, spherical, SCARA, articulated, and parallel manipulators, allows for diverse use cases across industries. From assembly and material handling to welding, painting, inspection, and
packaging, robot manipulators are transforming the way businesses operate. As automation and robotics continue to evolve, it's essential for businesses to stay up-to-date with the latest developments in robot manipulators. This knowledge will not only help companies remain competitive but also unlock new opportunities for growth and innovation in
the future. A robotic manipulator is a mechanical system designed to mimic the movement of a human arm.It achieves this through joints, links, actuators, and end-effectors, that helps it to perform controlled motions across multiple axes.These systems are game-changers in automation because they can precisely handle material processing,
assembly, and even robotic surgery. They also excel at repetitive, hazardous tasks that demand accuracy beyond human capability. What makes robotic manipulators truly great is their versatility. With customizable degrees of freedom (DoF), and precision-driven control systems, they can tackle everything from delicate medical procedures to heavy-
duty industrial robot tasks.To achieve precision, algorithms and control systems calculate joint angles and movement paths in real-time. On the other hand, techniques like inverse kinematics ensure accurate positioning and smooth motion.In this article, we’ll dive deeper into their design, mechanics, and real-world applications — and understand the
operation of robotic manipulators.Further reading: What is Robotics? A Comprehensive Guide to its Engineering Principles and ApplicationsComponents of Manipulator RobotsTo better understand the functionality of manipulator robots, it is essential to examine their main components. These include the base, links, joints, actuators, sensors, and end-
effectors. Each component plays a crucial role in the robot's overall performance and capabilities.BaseThe base is the foundation of the robotic manipulator arm. It keeps the entire system stable, ensuring the robot doesn’t tip, vibrate, or shift during operation.In stationary systems, like those used in manufacturing, the base is fixed to the floor or a
solid platform for maximum stability. For robots that need to move between stations — such as warehouse automation robots — the base may be mounted on wheels or tracks for mobility.Fig. 1: Base of a manipulator robot in an industrial robotic systemThe design of the base is crucial. It must handle the robot’s weight, account for its range of motion,
and support the forces generated during movement — especially in industrial robots that lift heavy payloads.For example, a robot designed to lift automotive parts requires a sturdy base that can absorb vibration and support the manipulator’s weight. On the other hand, a lightweight collaborative robot that assists humans may use a smaller, more
flexible base to maneuver freely.Links are the rigid segments that form the robot’s structure, connecting the joints and determining the robot’s overall shape. Each link plays a key role in defining the robot’s workspace, range of motion, and strength.Fig. 2: Designing links and joins is a critical part of building a manipulator robotThe design of these
links is critical. Longer links allow the robot to extend further, increasing its workspace. However, longer links may introduce unwanted flexibility, reducing precision. Conversely, shorter links improve stability and control but limit the robot’s reach.Material choice also matters. Lightweight materials like aluminum or carbon fiber improve speed and
efficiency, while stronger materials like steel are ideal for heavy-duty robots that handle large payloads.For example, a robotic arm used in material handling may have lightweight links to improve speed, while a welding robot in an industrial robot setup may use heavier links for better stability and strength.JointsJoints are the moving parts that
connect the robot’s links and allow it to bend, rotate, or extend. The type and number of joints define the robot’s degrees of freedom (DoF) — a key factor in determining its flexibility and range of motion.There are three main types of joints in robotic manipulators:Revolute Joints: These allow rotation around a single axis, similar to a human elbow.
They are common in articulated robots and are ideal for tasks that require precise movement, such as welding or assembly.Prismatic Joints: These enable linear motion along a single axis — think of a drawer sliding open. They are often found in cartesian robots or pick-and-place systems that require straight-line motion.Ball-and-Socket Joints: These
provide rotational movement across multiple axes, similar to a human shoulder. While less common, they offer excellent dexterity in robots that need flexible, multi-directional movement.The number of joints directly impacts the robot’s DoF. For example, a robot with six joints (six DoF) can move with impressive flexibility, mimicking the movement of
a human arm. Meanwhile, a robot with only three joints will have a simpler, more restricted range of motion but may excel in repetitive, high-speed tasks.Choosing the right combination of joints is critical for meeting performance goals — whether for assembling electronics, handling delicate materials, or operating in robotic surgery.Fig. 3: Each joint
plays a crucial role in delivering precise and dynamic movements in robotic applications. Prismatic Joint enabling linear motion, the Revolute Joint providing pivotal rotation, and the Spherical Ball-Socket Joint allowing multi-directional flexibility.Ball-and-socket joints provide rotational movement around multiple axes, allowing for a high degree of
flexibility and dexterity. These joints are less common in manipulator robots but can be found in some specialized applications, such as robotic hands or humanoid robots, where a wide range of motion is necessary.Further reading: Robotic Joint: How Robotic Solution is Boosting EfficiencyWhen designing joints for a manipulator robot, factors such as
range of motion, load capacity, and wear resistance must be considered. The choice of joint type and design will directly impact the robot's performance, flexibility, and overall capabilities, making it a critical aspect of the robot's design process.ActuatorsActuators are the muscle of a robotic manipulator — they create motion by driving the robot’s
joints. Different types of actuators are chosen based on the robot’s speed, precision, and payload requirements.Common actuator types include:Electric Actuators: Known for precision, they are ideal for tasks requiring accurate positioning, such as gripper control or fine assembly work.Hydraulic Actuators: Powerful and strong, these actuators excel
in heavy-duty industrial robots that lift large payloads.Pneumatic Actuators: Fast and lightweight, these are popular in simple, repetitive automation tasks like packing or sorting.For example, a robotic welder in an industrial robot setting may use powerful hydraulic actuators, while a robot assembling delicate electronics may rely on precise electric
actuators for careful positioning.Choosing the right actuator ensures the robot achieves the desired speed, power, and precision for its intended task. Most modern robotic arms use electric servo motors at each joint as actuators. These motors (often DC brushless or AC synchronous motors) are chosen for their high torque-to-weight ratio and
precision. Each motor is paired with a gearbox (harmonic drives and RV reducers are common in industrial robots) to amplify torque and hold position under load. The output of the gearbox drives the joint. Each joint’s angular position is measured by an encoder (optical or magnetic) or a resolver, providing feedback on the joint angle or rotation
speed.End-EffectorThe end-effector is the component of a manipulator robot that interacts directly with the environment or objects within its workspace. It is responsible for performing the robot's primary tasks, such as gripping, cutting, or welding. The design of the end-effector is crucial, as it must be compatible with the robot's structure and
capable of handling the required payload, precision, and task-specific requirements.There are several types of end-effectors commonly used in manipulator robots, including grippers, suction cups, and welding torches. Each type of end-effector offers different capabilities and trade-offs, making them suitable for specific applications.Grippers are used
for grasping and holding objects, and they come in various designs, such as parallel, angular, and adaptive grippers. Grippers can be designed with different gripping forces, materials, and sizes to accommodate a wide range of objects and applications. For example, a parallel gripper may be used in a pick-and-place application, while an adaptive
gripper could be employed for handling objects with irregular shapes.Suction cups are used for lifting and handling objects with smooth surfaces, such as glass or metal sheets. They rely on vacuum pressure to create a secure bond between the end-effector and the object, allowing for precise and gentle handling. Suction cups can be designed with
various sizes, shapes, and materials to accommodate different object types and surface conditions.Welding torches are specialized end-effectors used for performing welding tasks, such as arc or spot welding. They are designed to deliver the required heat and electrical current to the welding site, ensuring a strong and durable bond between the
materials being joined. Welding torches must be compatible with the robot's control system and capable of handling the high temperatures and electrical currents involved in the welding process.Further reading: What are End Effectors in Robotics? Types of End Effectors, Applications, FutureSensors and Feedback SystemsSensors and feedback
systems are integral components of manipulator robots, enhancing their ability to interact effectively with their environment. These systems provide real-time data, allowing the robots to adjust their actions dynamically. Vision systems, for instance, enable robots to identify, sort, and handle objects, while force-torque sensors help in applying the
correct amount of force during operations, preventing damage to both the robot and the objects it handles. Proximity and distance sensors allow the robot to navigate its environment, avoiding obstacles and ensuring safe operation. These feedback mechanisms are crucial for tasks requiring high precision and reliability, as they allow for continuous
monitoring and adjustment of the robot's movements and actions.Control Systems for Manipulator RobotsRobot control systems play a vital role in the operation of manipulator robots, as they govern the robot's movements and ensure that it performs its tasks accurately and efficiently. There are two main types of control systems used in manipulator
robots: open-loop and closed-loop control systems. Each type offers different advantages and disadvantages, making them suitable for specific applications and performance requirements.Open-Loop Control SystemsOpen-loop control systems are characterized by their lack of feedback, meaning that the robot's movements are determined solely by the
input commands provided by the controller. In an open-loop system, the controller sends a series of commands to the robot's actuators, which then execute the movements without any feedback on the actual position or performance of the robot.The main advantage of open-loop control systems is their simplicity, as they do not require complex
feedback mechanisms or sensors to operate. This can result in lower costs and reduced system complexity, making open-loop systems suitable for applications where high precision and accuracy are not critical. However, open-loop control systems have some significant disadvantages. Without feedback, the system cannot compensate for errors or
disturbances that may occur during operation, such as mechanical wear, changes in load, or external forces. This can result in reduced accuracy and repeatability, as the robot's actual position may deviate from the desired position specified by the input commands.Open-loop control systems are typically used in applications where the required level
of precision and accuracy is relatively low, and the risk of errors or disturbances is minimal. Examples of such applications include simple pick-and-place tasks, conveyor systems, or basic material handling operations.Closed-Loop Control SystemsClosed-loop control systems, in contrast to open-loop systems, incorporate feedback mechanisms and
more complex algorithms to monitor and adjust the robot's movements in real-time. In a closed-loop system, the controller sends commands to the robot's actuators, while sensors continuously measure the robot's actual position and performance. This feedback is then used by the controller to adjust the commands, ensuring that the robot's
movements closely match the desired position and trajectory.The main advantage of closed-loop control systems is their ability to compensate for errors and disturbances that may occur during operation. By continuously monitoring the robot's position and performance, the system can make adjustments to the commands, resulting in improved
accuracy and repeatability. This makes closed-loop systems suitable for applications where high precision and accuracy are critical. However, closed-loop control systems have some disadvantages. They typically require more complex hardware and software, as they rely on feedback mechanisms and sensors to operate. This can result in increased
costs and system complexity, making closed-loop systems less suitable for applications where simplicity and cost-effectiveness are priorities.Closed-loop control systems are commonly used in applications where high precision and accuracy are required, such as assembly, inspection, or machining tasks. For example, a closed-loop system might be
employed in a robotic welding application, where the robot must maintain a precise position and trajectory to ensure a strong and consistent weld. In this case, the closed-loop system would continuously monitor the robot's position and make adjustments as needed to maintain the desired welding path.Key Control Techniques for Robotic
ManipulatorsRobotic control systems rely on established control techniques to ensure smooth, precise movement. The most common methods include:PID Control (Proportional-Integral-Derivative Control)PID control is one of the most widely used methods in robotic manipulators. It works by calculating three key adjustments to keep the robot on its
desired path:Proportional Control (P): Corrects errors based on the difference between the robot’s current position and its target position.Integral Control (I): Corrects past errors that build up over time.Derivative Control (D): Predicts future errors based on the robot's motion trends.By combining these three adjustments, PID control minimizes
overshooting, improves stability, and ensures precise positioning.Example in Practice:In arc welding, PID control stabilizes the welding torch’s movement, ensuring smooth, consistent weld seams — even if heat expansion causes minor movement shifts.Trajectory planning focuses on designing the robot’s movement path — ensuring smooth transitions
between points.Instead of moving directly from one position to another (which may result in jerky motion), trajectory planning calculates optimized motion curves that prevent sudden speed changes or sharp angles.This is particularly important for robots handling fragile materials or operating at high speeds.Example in Practice:In food packaging, a
robotic arm equipped with trajectory planning can gently pick up items, move them along a controlled arc, and place them safely in boxes — minimizing impact and improving speed.Impedance Control (Force Control)In tasks requiring physical interaction with objects, impedance control helps the robot adapt to unexpected forces.Rather than
following fixed movement paths, impedance control adjusts the robot’s movement based on resistance.Example in Practice: In robotic surgery, impedance control ensures the surgical tool applies just the right amount of pressure on tissue — reducing the risk of injury.Adaptive control systems modify the robot’s behavior based on changing
conditions.For instance, if a robot’s payload unexpectedly increases (like a heavier object on a conveyor), adaptive control recalculates motor power to maintain precise movement without slowing down.Example in Practice: In warehouse automation, adaptive control helps robotic arms quickly adjust when handling boxes of varying weights —
ensuring consistent motion speed regardless of load.Designing an Effective Control SystemFor engineers designing a robotic manipulator here’s what to consider for choosing the right control system:Precision Needs: Tasks like microchip assembly or laser cutting require closed-loop systems with PID control for maximum accuracy.Speed
Requirements: For high-speed sorting or packaging, open-loop control may be faster and sufficient.Environmental Factors: In unpredictable environments (e.g., working with humans or fragile materials), adaptive control and force sensors become essential.Payload Variations: Robots handling objects of different weights should include adaptive
control or impedance control for smooth motion.Check out the below video for a complete crystal clear understanding (and don't miss out the next section on types of robotic arms): Types of Manipulator RobotsRobotic manipulator arms typically have between three and six degrees of freedom, afforded by a series of joints (analogous to a shoulder,
elbow, or wrist) which connect the various links of the device (analogous to an upper arm, forearm, or palm). The joints of a manipulator are usually either revolute joints or prismatic joints [1] . The type of arm determines its number of degrees of freedom, as well as its workspace (how far it can reach).Revolute joint (rotary joint): rotation about one
axis, i.e. twisting movementPrismatic joint (linear joint): translation about one axis, i.e. extension movementCylindrical joint: rotation and translation about one axisSpherical joint (ball and socket joint): three degrees of rotationFig. 4: Various robotic manipulator arm configurationsManipulator robots can be classified based on their structure and
movement capabilities. Each type has its advantages and disadvantages, making them suitable for specific applications. In this section, we will explore the different types of manipulator robots, including cartesian, cylindrical, spherical, and articulated robots.Cartesian Manipulator RobotsCartesian manipulator robots, also known as gantry robots,
have a linear design and consist of three orthogonal axes (X, Y, and Z). These robots move in straight lines along each axis, allowing for precise positioning and movement within a defined workspace. The structure of Cartesian robots typically includes linear actuators or slides, which enable the robot to move along each axis independently.One of the
main advantages of Cartesian manipulator robots is their high accuracy and repeatability. Due to their linear design, these robots can achieve positioning accuracies of up to 0.001 mm. Additionally, Cartesian robots are known for their scalability, as they can be easily customized to accommodate various workspace sizes and payload
capacities.However, Cartesian manipulator robots have some limitations. Their movement is restricted to linear paths, which may not be suitable for applications requiring complex or curved trajectories. Furthermore, the size and weight of Cartesian robots can be substantial, especially for large-scale applications, which may result in increased
energy consumption and reduced overall efficiency.Cartesian manipulator robots are commonly used in industries such as manufacturing and automation. Their precise positioning capabilities make them ideal for tasks such as pick-and-place operations, assembly, and inspection. For example, Cartesian robots are often employed in the electronics
industry for the assembly of printed circuit boards (PCBs), where high accuracy and repeatability are crucial for placing small components accurately.Cylindrical Manipulator RobotsCylindrical manipulator robots have a cylindrical workspace and consist of a combination of linear and rotational movements. These robots typically feature a vertical
linear axis (Z-axis), a radial linear axis (R-axis), and a rotational axis (6-axis) around the vertical axis. The structure of cylindrical robots often includes a vertical column mounted on a revolute joint at the base, with an arm that can extend radially and rotate around the column.One of the main advantages of cylindrical manipulator robots is their ability
to reach around obstacles within their cylindrical workspace. This makes them suitable for applications where access to the target object may be obstructed. Additionally, cylindrical robots can provide a compact footprint, as their vertical column and radial arm design allow them to occupy less floor space compared to other robot types.However,
cylindrical manipulator robots also have some limitations. Their work envelope is confined to a cylindrical shape, which may not be suitable for applications requiring a larger or differently shaped workspace. Moreover, the accuracy and repeatability of cylindrical robots may be lower than that of Cartesian robots, as the combination of linear and
rotational movements can introduce additional sources of error.Cylindrical manipulator robots are commonly used in industries such as assembly and packaging. Their ability to reach around obstacles makes them well-suited for tasks such as loading and unloading machines, where access to the target object may be limited. For instance, cylindrical
robots can be employed in the pharmaceutical industry for the assembly of medical devices or the packaging of medication, where their compact footprint and ability to maneuver around obstacles are valuable assets.Spherical Manipulator RobotsSpherical manipulator robots, also known as polar robots, have a spherical workspace and consist of a
combination of linear and rotational movements. These robot arms, much like the human arm, exhibit a remarkable range of motion and flexibility, allowing them to efficiently navigate and perform tasks within a three-dimensional workspace. These robots typically feature a radial linear axis (p-axis), a polar rotational axis (6-axis), and an azimuthal
rotational axis (¢-axis). Spherical robots come with two revolute and a prismatic joint. The structure of spherical robots often includes a base-mounted arm that can extend radially and rotate around two perpendicular axes.One of the main advantages of spherical manipulator robots is their ability to cover a large workspace with a relatively small
footprint. Their unique combination of linear and rotational movements allows them to access a wide range of positions within their spherical workspace. Additionally, spherical robots can provide a high degree of dexterity, making them suitable for applications requiring complex and precise movements.However, spherical manipulator robots also
have some limitations. Their accuracy and repeatability may be lower than that of Cartesian robots, as the combination of linear and rotational movements can introduce additional sources of error. Moreover, the complexity of their movements can make programming and control more challenging compared to other robot types.Spherical manipulator
robots are commonly used in industries such as material handling and welding. Their ability to cover a large workspace and perform complex movements makes them well-suited for tasks such as transferring objects between different locations or performing intricate welding operations. For example, spherical robots can be employed in the
automotive industry for tasks such as spot welding, where their dexterity and large workspace coverage are valuable assets.Articulated Manipulator RobotsArticulated manipulator robots, also known as robotic arms, have a complex structure consisting of multiple joints and links that allow for a wide range of motion. These robots typically feature a
series of revolute joints connected by rigid links, which enable them to perform movements in multiple degrees of freedom (DOF). The structure of articulated robots often includes a base-mounted arm with multiple segments, each connected by a joint that allows for rotational movement.One of the main advantages of articulated manipulator robots
is their high degree of flexibility and dexterity. Their multiple degrees of freedom enable them to perform complex tasks and reach a wide range of positions within their workspace. Additionally, articulated robots can be designed with various numbers of joints and links, allowing for customization to suit specific application requirements.However,
articulated manipulator robots also have some limitations. Their complex structure can make them more challenging to program and control compared to other robot types. Moreover, the accuracy and repeatability of articulated robots may be lower than that of Cartesian robots, as the multiple joints and links can introduce additional sources of
error.Articulated manipulator robots are commonly used in industries such as automotive and aerospace. Their flexibility and dexterity make them well-suited for tasks requiring complex movements and precise positioning, such as assembly, painting, and inspection. For example, articulated robots can be employed in the automotive industry for
tasks such as assembling engines or installing windshields, where their ability to maneuver around obstacles and reach various positions within the workspace is crucial.Axes in Robotic ManipulatorsThe number of axes in a robotic manipulator defines how freely the robot can move — but this flexibility isn’t just about adding more joints. It’s achieved
through precise engineering concepts involving degrees of freedom (DoF), specialized joint types, and advanced kinematics.1 to 3 axes: These robots rely mostly on prismatic joints, which enable linear movement along the X, Y, and Z axes. Each axis corresponds to controlled sliding motion, ideal for precise but straightforward tasks like CNC cutting
or laser engraving. Since each axis moves independently, controlling motion paths is simpler — making these robots faster and easier to program.4 to 6 axes: To add rotation, engineers introduce revolute joints, which allow the robot’s links to pivot. Each revolute joint adds a new degree of freedom, enabling movement like bending an elbow or
twisting a wrist. For instance, a SCARA robot combines two rotating joints for horizontal flexibility and a linear Z-axis for controlled vertical movement. This design allows for fast, repeatable positioning.6+ axes: Achieving full 3D motion requires combining multiple revolute joints with complex motion control. Here, advanced inverse kinematics
comes into play. Instead of moving one joint at a time, inverse kinematics calculates the ideal combination of joint angles to position the end-effector precisely — much like calculating how your arm’s shoulder, elbow, and wrist should move to place your hand at a desired point.This multi-axis control often requires PID control, trajectory planning, and
real-time feedback to ensure smooth and stable movement — especially in tasks like robotic surgery, where millimeter precision is critical.In essence, adding more axes enhances flexibility, but mastering their coordination is what drives precision. The real challenge lies in designing control systems that manage complex joint motion without
compromising speed, stability, or accuracy.How Robotic Arms Work?A robotic manipulator achieves precision by combining sturdy components, smart movement planning, and precise control systems — all working together like gears in a machine.The base, links, and joints form the robot’s physical structure, giving it strength, stability, and
movement potential. For example, strong links help extend the robot’s reach, while precise joints enable smooth rotation or linear motion. Meanwhile, actuators power the robot’s movement, and the end-effector (like a gripper or welding torch) carries out the task.But movement alone isn’t enough — the robot must know how to move. That’s where
kinematics comes in. Using inverse kinematics, the system calculates the precise joint angles required to place the end-effector at its target point. This is crucial in tasks like assembling microchips or welding complex seams.To keep everything accurate, the control system acts as the robot’s brain — continuously monitoring position, speed, and force.
Sensors provide feedback, allowing the control system to correct errors in real-time. For instance:In robotic surgery, force sensors prevent excessive pressure on tissue.In material handling, adaptive control adjusts movement when lifting heavier objects.In electronics assembly, trajectory planning smoothens motion to avoid jerky starts and stops.In
short, the robot’s components enable movement, kinematics calculates the motion path, and the control systemensures the robot follows that path accurately — all working together to deliver stable, precise performance across industries.Applications of Manipulator RobotsIndustrial robots and more specifically, manipulator robots are widely used
across various industries, offering numerous benefits such as increased productivity, precision, and safety. Certain types of robots may be more suitable for a particular application than others. For instance, SCARA robots are known for their speed and precision in palletizing and assembly tasks in various industrial applications. Choosing other types
of manipulator robots would still get the work done, however, the right robot is necessary for maximum productivity and cost savings.In this section, we will explore some of the key applications of manipulator robots, including manufacturing, assembly and packaging, material handling, and welding and cutting.ManufacturingManipulator robots play
a significant role in modern manufacturing processes, where their precision, speed, and repeatability make them ideal for tasks such as pick-and-place operations, assembly, and inspection. By automating these tasks, robots can help manufacturers increase productivity, reduce labor costs, and improve product quality.For example, in the electronics
industry, manipulator robots are commonly used for the assembly of printed circuit boards (PCBs). These robots can accurately place small components, such as resistors and capacitors, onto the PCBs at high speeds, ensuring consistent quality and reducing the risk of human error. Additionally, robots can be used for inspection tasks, such as
checking for defects or verifying component placement, further improving product quality and reducing the need for manual inspection.Fig. 5: Industrial robots are most common in industrial manufacturing applications where the tasks can get highly repetitiveln the automotive industry, manipulator robots are employed for tasks such as welding,
painting, and assembly. Robots can perform these tasks with high precision and speed, ensuring consistent quality and reducing the time required for production. Moreover, by automating these tasks, manufacturers can reduce the risk of workplace injuries and improve overall safety.Overall, the use of manipulator robots in manufacturing processes
has revolutionized the way products are made, offering numerous benefits in terms of productivity, quality, and safety.Assembly and PackagingManipulator robots are widely used in assembly and packaging processes, where their precision, speed, and flexibility make them ideal for handling a variety of tasks. By automating these processes, robots
can help companies reduce labor costs, improve efficiency, and maintain consistent product quality.In assembly applications, manipulator robots can be used to pick up and place components, fasten screws, or apply adhesives, among other tasks. Their high precision and repeatability ensure that components are assembled accurately and
consistently, reducing the risk of defects and improving overall product quality. For example, in the consumer electronics industry, robots can be used to assemble smartphones, tablets, or other devices, where precise component placement and alignment are critical for proper functionality.Further reading: What are Robotic Assembly Lines? History,
Components, Advantages, Limitations, Applications, and Futureln packaging applications, manipulator robots can be used for tasks such as loading and unloading products, sealing packages, or applying labels. Their speed and accuracy enable them to handle these tasks more efficiently than human workers, reducing the time required for packaging
and improving overall productivity. For instance, in the food and beverage industry, robots can be used to package products such as bottles, cans, or boxes, ensuring that they are sealed and labeled correctly before being shipped to customers.By automating assembly and packaging processes, manipulator robots can help companies increase
efficiency, reduce labor costs, and maintain consistent product quality, making them an invaluable tool in these industries.Material HandlingManipulator robots are extensively used in material handling applications, where their speed, precision, and ability to work in hazardous or challenging environments make them an ideal solution. By automating



material handling tasks, robots can help companies increase efficiency, reduce human workload, and improve overall safety.In material handling applications, manipulator robots can be used for tasks such as transferring objects between different locations, sorting and organizing items, or loading and unloading materials. Their flexibility and
adaptability enable them to handle a wide range of object sizes, shapes, and weights, making them suitable for various industries and applications.For example, in the warehousing and logistics industry, robots can be used to pick up and place items on shelves, sort packages, or load and unload trucks. Their speed and accuracy can help companies
reduce the time required for these tasks, improving overall efficiency and reducing labor costs. Additionally, by automating these tasks, companies can minimize the risk of workplace injuries caused by heavy lifting or repetitive motions.Further reading: Material Handling Automation: A Comprehensive Guide for EngineersIn the manufacturing
industry, manipulator robots can be used to transfer raw materials or finished products between different stages of the production process. Their ability to work in hazardous, or inaccessible places such as high temperatures or areas with limited access, makes them an invaluable tool for ensuring the smooth flow of materials throughout the
production line.By automating material handling tasks, manipulator robots can help companies increase efficiency, reduce human workload, and improve overall safety, making them an essential tool in a wide range of industries and applications.Some of the manipulator robots also come with advanced Robot Operating Systems (ROS) that provide a
flexible framework for developing and deploying applications. This makes the process of deploying robotic automation solutions a seamless process. Open Robotics, Boston Dynamics, ABB, Universal Robots, KUKA, Microsoft, and NVIDIA are some of the organizations involved in the development of ROS. HealthcareManipulator robots are crucial in
the healthcare sector, providing unmatched precision essential for surgeries and minimizing errors. Their steady, controlled movements are necessary for procedures requiring exactness, making them vital assets in operating environments. These robots also significantly contribute to patient rehabilitation, offering controlled, repetitive exercises
necessary for effective recovery, especially for stroke or spinal cord injury patients.In pharmaceutical environments, manipulator robots are invaluable, accelerating drug discovery and handling precise tasks efficiently, thereby reducing contamination risks. For instance, tasks like pipetting and vial capping are executed with increased efficiency and
accuracy. With the advent of telemedicine, manipulator robots are facilitating remote robotic surgeries, accurately replicating surgeon movements, and providing specialized care in remote locations.Understanding the applications and functionalities of manipulator robots in healthcare is imperative for professionals in the field. Their precision,
efficiency, and adaptability make them indispensable tools in enhancing patient care and driving innovation in medical practices globally.ConclusionManipulator robots have become an integral part of various industries, offering numerous benefits such as increased productivity, precision, and safety. Their diverse designs, including Cartesian,
cylindrical, spherical, and articulated robots, enable them to perform a wide range of tasks in applications such as manufacturing, assembly, material handling, and welding. By understanding the components, control systems, and applications of manipulator robots, we can appreciate their importance and potential for continued growth in the years to
come.Frequently Asked Questions (FAQs)1. What are the main types of manipulator robots?The main types of manipulator robots are Cartesian, cylindrical, spherical, and articulated robots. Each type has its advantages and disadvantages, making them suitable for specific applications.2. What are the key components of a manipulator robot?The key
components of a manipulator robot include the base, links, joints, and end-effector. Each component plays a crucial role in the robot's overall performance and capabilities.3. What is the difference between open-loop and closed-loop control systems?Open-loop control systems do not use feedback and rely solely on input commands to control the
robot's movements. Closed-loop control systems, on the other hand, incorporate feedback mechanisms to monitor and adjust the robot's movements in real-time, resulting in improved accuracy and repeatability.4. In which industries are manipulator robots commonly used?Manipulator robots are commonly used in industries such as manufacturing,
assembly and packaging, material handling, and welding and cutting. Their precision, speed, and flexibility make them ideal for a wide range of tasks in these industries.5. What are some future trends in manipulator robots?Future trends in manipulator robots include the development of more advanced control systems, the integration of artificial
intelligence and machine learning technologies, and the use of new materials and designs to improve performance and efficiency. These trends have the potential to further expand the capabilities and applications of manipulator robots in various industries.References[1] Lewis FL, Dawson DM, Abdallah CT. Robot manipulator control: theory and
practice. CRC Press; 2003 Dec 12.[2] Gallardo-Alvarado J, Gallardo-Razo J. Robot manipulators. In: Gallardo-Alvarado J, Gallardo-Razo ], editors. Emerging Methodologies and Applications in Modelling, Identification and Control, Mechanisms. Academic Press; 2022. p. 421-488. Available from: 3] Fadali MS, Visioli A. Introduction to digital control. In:
Fadali MS, Visioli A, editors. Digital Control Engineering. 3rd ed. Academic Press; 2020. p. 1-8. Available from: 4] Siciliano, B., Sciavicco, L., Villani, L., & Oriolo, G. (2008). Robotics: Modelling, Planning and Control.



