


  PC  Notebook  www.se-ed.com
  SmartPhone  Tablet   http://m.se-ed.com (  browser 
Bookmark  Home  App )  SE-ED Application  Play Store

 Android  App Store  iOS

Industrial
Mechatronics Applications
Robotics 



    ( )  1858/87-90  
10260   0-2826-8222  0-2826-8359 

comment@se-ed.com 
 
Industrial Robotics & Mechatronics Applications 

  420    

     
 

 
 

0 4 6 - 1 8 8 - 4 0 8   
0 1 6 6 9 8 7 6 5 4 3 2 1 

 

 Industrial Robotics & Mechatronics Applications. -- : 2561  
492  
1  
I  
629 892 

ISBN   978-616-08-3297-2 

 
1858 87 90        10260   

0 2826 8000 
1991 23 71-72 1 10  

10150 0 2451 3010 
. . 2561 



Preface Industrial Robotics & Mechatronics Applications 

 

This book is an attempt to provide a basic background to industrial robotics and mechatronics 

applications and provide links through to more specialized skills. Robotics is an interdisciplinary field 

that ranges in scope of theoretical concepts and important techniques. The definition of a robot, which 

can be summarized as: 

The study of robotics concerns with the desire to synthesize aspect of human function by the 

use of mechanisms, sensors, actuators and computers. Obviously, this is huge undertaking, which 

seems certain to require a multitude of ideas from various classical fields. The book is organized as 

follows: 

Chapter 1 is an introduction of robotics, type of robots and the manipulator of robots. 

Chapter 2 covers the mathematics used to describe position and orientations such as 

mechanism analysis, forward kinematics, invers kinematics and the Jacobian and velocity kinematics. 

Chapter 3 covers the field of machine vision, machine vision software with NI Vision Builder 

and NI LabVIEW,  

Chapter 4 we study an industrial robotics and PLC control, Beckhoff PLC, the tasks focus on 

the requirements of digital-to-analog converters (DACs) and analog-to-digital converters (ADCs), 

Chapter 5 we deal for a microcontroller and intelligent robot, microprocessor and micro-

controller, microcontroller arduino, control statement in C language, input and output functions, Stepper 

Motor and DC motor control. 
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Chapter 6 the topics related to the mechatronics applications. For example, hydraulic servo 

system, Simulink model for closed loop control, PID,  Fuzzy and Hybrid Control, H Infinity Control. 

I hope that the knowledge acquired from this book would enable the practicing engineers and 

this book is of use to those engineers developing robotic systems successfully. 

e-mail: dechrit_m@rmutt.ac.th 

or  dechrit_m@hotmail.com 
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Industrial 4.0 is the way of the future for industrial players. It will determine how they will decide 

operate, while at the same time, accelerating the convergence of the virtual and real worlds. In 

addition,  Industrial 4.0 has become the new model for the global manufacturing industry. In the 

factories of the future, more and more intelligent robots will carry out particularly sophisticated missions, 

way beyond  simple assembly tasks. In order to meet the new requirements and the market needs, 

industrial players will have to be able to diversify their products. The more varied their product line, the 

more competitive it will be. Robots will have the ability to communicate with each other. They will be 

able to adapt their production activities to the customer’s demand, while demonstrating the greatest 

amount of flexibility.   

In recent years, factories have increasingly digitized their work tools. The result has been that 

the entire industrial process, from manufacturing to warehousing, distribution to sales, is becoming 

increasingly networked and communicated in real time. One has to only consider an automated 

production line. Industrial 4.0 is becoming the new model for industrial manufacturing around the world. 

What is more, industrial robotics will have a key role to play in this “smart factory” model. Robots, which 

are central to the factory of the future, are getting smarter and smarter. They can now perform  more 

sophisticated tasks that go way beyond a simple manufacturing assembly.   

 

1.1 An Introduction to Robotics

Robots can have either hydraulic, electric, or pneumatic power sources. Their movement 

configurations can range from simple arm extensions and retraction movements, to very complex 

movements that involve the body, the upper arm, the lower arm, as well as dexterous wrist movements. 

These various configurations are differentiated by the number of degrees of freedom or axes of motion 

that they can attain. The number of different axes determines the overall dexterity of the robot. Robots 

may have up to seven axes of motion, which include four arm motions and three wrist motions. These 

axes, or joints, can either be linear or rotary in motion. Another defining aspect is the robot’s work 

envelope, which is its maximum reach in all directions. The definition of a robot, which can be 

summarized as: 



4 Industrial Robotics & Mechatronics Applications Unit 1 
 

In order to gain a competitive advantage over all of the players in an industry, one must have 

updated systems that are integrated and that have state-of-the-art facilities pre – installed, while at the 

same time, having them readily available in the market place. Nowadays, almost every business 

process is being automated. There are even talks of using Artificial Intelligence already, but 

unfortunately, this prospect is still in its infancy. We still have a long way to go from finally having 

something as advanced and as sophisticated as AI.  

Robots are very well - known for their numerous benefits and the immense value that they can 

add to a business. The main reason why  robots are used is for the automation of various different 

procedures. The use of industrial robots  saves time and money, while increasing the quality and the 

output of work, all at the same time. They provide a consistent and reliable performance. They are ideal 

for repetitive tasks and they produce accurate results from these said tasks. They are able to handle 

heavy workloads, as well as having the ability to perform in harsh and unpleasant environments. 

Additionally, they can easily be reprogrammed, as soon as the need to reflect changes in the 

production requirements and the cycles arise. 

FIGURE 1.1  A comparison of leading robotic applications in the year 2015. (Source: RIA)  
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FIGURE 1.2  Estimated annual worldwide supply of industrial robots. (Source: IFR)  

FIGURE 1.3  Estimated annual worldwide shipments of industrial robots. (Source: IFR)  
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The strong sales reflect the increased demand for robotics in the work place, such as in the 

automotive, plastics,  rubber and metal industries. The orders for spot welding robots (33%), together 

with those which are used primarily in material handling, jumped 39% in the first half of 2015. Other big 

jumps were seen in arc welding robots (+18%), coating dispensing robots  (+4%),  assembly robots 

(+2%), as well as many others (+4%). 

Industrial robots are robots that can carry out assembly applications. Traditional industrial 

robots have been readily applied in the manufacturing and electronics industries. These automation 

machines have a very wide spectrum of robotic applications.  

The following robots are the different industrial applications of robots that we offer: 

1.1.1 Robotic Laser Cutting  

Robotic Laser Cutting is one of the automation solutions that we offer. Our laser cutting robots 

can cut both metal and non-metal materials, which are primarily used in making car interior parts, door 

panels, rubber sealing for windows, and more. This technology uses a static laser beam that is 

integrated with a moving robotic arm, resulting in one of the most useful devices that has been 

implemented, particularly for automation. 

FIGURE 1.4  Robotic Laser Cutting  
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This type of industrial robot is made up of a servo-controlled, multi-axis mechanical arm, with 

the laser cutting head mounted on its faceplate. This means that it can perform 3D cutting, by reaching 

in and around, in order to cut the required shape into a particular part – be it simple holes or complex 

contours. Another major reason is that the robotic laser cutting system can efficiently perform multiple 

applications, such as cutting and welding, by using the same laser cutting head. 

1.1.2 Robotic Arm Milling Machine 

The Robotic Arm Milling Machine is the automated solution to every machining process. It can 

take care of  welding, cutting, spray painting and even milling. The last mentioned attribute is the 

process of contouring or cutting a specific workpiece from a prototype or a mold, in order to make the 

required three dimensional shape. With our Robotic Arm Milling Machine, milling is made more flexible 

and easier, despite the complexity of the desired end product. 

From small parts to larger components, be it a simple shape, or a shape with the most unusual 

geometries, our robot can achieve the milling process the same as, or even better than, a factory 

machine. It make very accurate cuttings, with precise movements, to create the highest quality of parts. 

It only takes up a small footprint, when compared to the traditional CNC machining application. The 

Robotic Arm Milling Machine can be designed and manufactured in accordance to your specific 

applications. 

FIGURE 1.5  Robotic Arm Milling Machine 
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1.1.3 3D Printing with a Robot Arm 

Robots are starting to revolutionize the worlds of the manufacturing industries. They have 

undoubtedly lived up to their potential – making every aspect of our lives better. There are already self-

driving cars available, humanoids that either help with housekeeping or be a part of a service crew, 

together with the more widely used industrial robots, which account for almost 90% of robots being 

used nowadays. Possibly, the most fascinating procedure available today is 3D Printing, when it uses 

Robot Arm Technology. 

3D printing is also known as additive manufacturing. It is a type of free-form fabrication, by 

‘adding' a layer of raw materials (i.e., resin, plastic, concrete or recyclable materials) over the other, 

until you have produced the desired object, which is usually based  on a digital model. The possibilities 

are limitless with 3D technology. Anything that is available in a digital form can be 3D printed. From 

small objects, like a screw, to the larger scale of building houses; anything is now possible.  

FIGURE 1.6  3D Printing with a Robot Arm 
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1.1.4 Robotic Spray Painting Arm 

Spray painting has been performed manually in the past. This actually presents hazards to the 

worker's health. Despite the safety measures that have been put in place and the employee trainings 

that have been conducted, the fact that human workers are exposed to these harmful chemicals is still 

there. Nowadays, factories  have found a way to diminish this health risk by utilizing a Robotic Spray 

Painting Arm. 

This robotic application is mostly appropriate in the automobile and fabrication industries, 

among others. Not only that, the painting process will be much easier and can be completed in only a 

small amount of time. The factory will be able to save almost 50% of the painting material. Another 

advantage of this application is that the robot spray painters are environmentally friendly. They produce 

less of a carbon footprint, which is good for lessening the negative impacts of the global warming 

phenomenon. Moreover, robotic spray painting produces a more accurate and a more efficient result. 

Most people are initially anxious, when companies have increased their dependency on robotic 

automation, when in fact, with robots taking over the dangerous aspects of a job, they are actually 

helping in so many different ways. 

Benefit of a Robotic Spray Painter 

Taking over the more dangerous aspects of a job 

Resulting in a more accurate painting job 

Environmentally friendly 

FIGURE 1.7  Robotic Spray Painting Arm 
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1.1.5 Robotic Arm - Pick and Place System 

Industrial robots are known for speeding up the process, without sacrificing the quality of the 

output or the work. One common robotic application is the Robotic Arm - Pick and Place System. The 

repetitive and boring task of picking parts up and placing them in a different location can now be 

handled by these robots. They do not tired or get bored. They can also conduct these tasks with 

exactly the same precision, even after hours and hours of work. Moreover, manpower can be utilized in 

a more efficient and effective way. Other than just performing the same tasks over and over again, the 

human workforce can focus on more important, skill-centered tasks. By integrating robots with these 

kinds of task, eliminates the possibility of employee dissatisfaction, which might later on translate into 

an increase in staff turnover rates. Aside from that, the pick and place robotic system will give 

companies the opportunity long-term savings. 

Benefits of a Robotic Arm - Pick and Place System 

Automates repetitive tasks 

Generates an improved productivity  

Establishes a higher quality 

Long - term savings for the business 

FIGURE 1.8  Robotic Arm - Pick and Place System 
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1.1.6 Robotic Packaging Systems 

In this time and age, almost all products are being picked and packed in the factory. That is 

why shifting to a robotic process of automation has now become a necessity. Not only will it make 

batch manufacturing finish in the shortest possible cycle time, It can yield twice as much productivity, 

as well as a higher quality of output. With at its finest, by the packaging process through the use of 

robots, is much more favorable when compared to the conventional way of packaging despite already  

having dedicated production equipment. What was once a task that took a long while to finish, can now 

be achieved much faster, with more precision, as well as with more flexibility. Robots are now being 

designed to take over such repetitive tasks in factories of high volume production.  

Benefits of Robotic Packaging Systems 

Cost-efficient 

Taking over  repetitive tasks 

Yielding high volume, with a higher quality of output 

FIGURE 1.9  Robotic Packaging Systems 
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1.1.7 Robotic Arc Welding Systems 

In order to stay on top of the food chain, one has to provide the best solutions for the different 

challenges that are inherent in the field. In the manufacturing sector, robots are slowly and surely taking 

over the industry. Several companies are offering the same products and services in terms of robot 

integration and it is now a matter of choosing the correct welding product. We can offer the best 

welding solutions out there with our user-friendly, cheap and durable Robotic Arc Welding Systems. 

Robotic Arc Welding Systems are one of the many integrations that we provide. Performance, 

speed and accuracy are the most important features that manufacturing businesses are looking for in 

an industrial robot. Our arc welding robots can run as much as 24 hours a day, at a faster processing 

rate, with limited downtime. Another important issue is that manual welding processes usually present 

harsh working environments, due to the excessive heat and fumes. Working people are more prone to 

illnesses and accidents. This innovative way of welding eliminates these risks. The quality is also 

increased with robotic arc welding machines. With preventative measures in place, as well as with 

proper employee training, these robots will be able to withstand wear and tear from a continuous 

production cycle. 

FIGURE 1.10  Robotic Arc Welding Systems 

Benefits of Robotic Arc Welding Systems  

Robotic welding allows for the use of an available labor pool for a minimal price  

Higher yields and throughput  
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Less post-welding cleanups 

Lower cost of consumable materials 

Reduction in total time to market 

1.1.8 Vision-Guided Robotics  

Robots provide efficient yet less costly solutions for every conceivable industry., Industrial 

robots, on their own, are extremely useful in terms of automation. By integrating  sight to your robot and 

the possibilities are endless. The production quality will naturally improve a whole lot more by giving 

robots the ability to see. With Vision-Guided Robotics, manufacturers will gain the ability to track their 

products more accurately, improve their inventory management, as well as maximizing inspections and 

control. Industrial robotics will not be performing the same motion over and over anymore, when  vision 

is integrated into their system. While this feature can be utilized in several applications, it is mostly 

useful in quality control. With cameras in place, they can track objects placed on a conveyor belt, while  

taking pictures of the finished products.  Simultaneously, they can compare these pictures to the 

programmed criteria in the system. Through quality assessment, these robots will be able to either 

accept or reject the finished objects, based on the algorithms put in place, thus ensuring high quality 

products. All of this will result in a reduced cycle time and less errors, while production efficiency and 

reliability is increased. Production is made much more flexible with a vision-guided robotic system.  

FIGURE 1.11  Vision-Guided Robotics 
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Benefits of Vision-Guided Robotics 

Rapidly transforming the production processes

More accurately moving products to a variable target position

Reducing the cost and complexity of fixed tooling 
 

1.2 Types of Robots 

Industrial robots are defined as 'multi-functional manipulators’ that are designed to move 

materials, parts, tools, or specialized devices, through various programmed motions. As such, robots 

provide  consistent  reliable performances, with  repetitive  accuracy. They  are  able  to  handle  heavy 

Workloads, while performing in harsh environments. Additionally, robots can be quickly reprogrammed, 

in order to reflect the changes in production needs and cycles. All of the above-mentioned benefits can 

result in vastly improved productivity and quality. However, this robotic technology has certain 

disadvantages, which can include:  

The need for skilled programmers  

The high cost of robotic systems  

Constant maintenance procedures  

Unique worker safety precautions 

An industrial robot is commonly referred to as a robotic arm that is used in a factory 

environment for manufacturing applications. Traditional industrial robots can be classified according to 

different criteria, such as their type of movement (degrees of freedom), their application in the 

manufacturing process, their architecture (serial or parallel) and their brand. Then there is also a new 

qualifier for industrial robots, in that they can be qualified as collaborative or not. This article will now 

present these different classifications, with some examples. These kind of robots generally manipulate 

their environment, by controlling their position and their orientation of an end-effector. The stationary 

robotic category includes these features by identifying these movements as robot arm  and geometries 

describing them in a coordinated system, as follows: 
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Cartesian/Gantry Robots 

Cylindrical Robots 

Spherical Robots 

SCARA Robots 

Robotic Arms - (Articulated Robots ) 

Parallel Robots 

1.2.1 Cartesian or Rectangular/Gantry Robots 

These Cartesian robots are also called. Cartesian robots have three linear joints that use the 

Cartesian coordinate system (X, Y, and Z). They may also have an attached wrist to allow for a 

rotational movement. The three prismatic joints deliver a linear motion along the three axis. This is 

similar to the type of ‘work area’ that an overhead crane features. The Cartesian robot can only reach 

out in front of itself, however, it can move along each axis to the desired point. Figure.1.12 shows  

Cartesian coordinate system’s arms. 

       a) Cartesian or Rectangular coordinated Arms                           b)  An Overhead Crane 

FIGURE 1.12  Cartesian or Rectangular/Gantry Robot 
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Major industrial applications of these devices are: 

Cutting, Scribing and Sorting 

Product Placement 

Quick Storage and Retrieval 

Packing Automation 

General Machining Operations 

1.2.2 Cylindrical Robot 

This Cylindrical Robot has at least one rotary joint at its base and at least one prismatic joint in 

order to connect the links. The rotary joint uses a rotational motion along the joint’s axis, while the 

prismatic joint moves in a linear motion. Cylindrical robots operate within a cylindrical-shaped work 

envelope. A cylindrical coordinate system is a three-dimensional coordinate system that specifies point 

positions by their distance from a chosen reference axis, the direction from the axis relative to a chosen 

reference direction, as well as the distance from a chosen reference plane, which is perpendicular to 

the axis. The latter distance is given as a positive or a negative number, depending upon which side of 

the reference plane faces the point. The motion of the main arm is up and down. The robot can perform 

these motions by extending a cylinder that is built into its arm. In most cylindrical robots, the up-and-

down motion is provided by a pneumatic cylinder and the rotation is generally provided by a motor with 

gears. Figure 1.13 shows a cylindrical coordinated arm. 
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              a) A Cylindrical Coordinated arm                             b) A Cylindrical Coordinated Manipulator 

FIGURE 1.13  Cylindrical Robot 

Major industrial applications of these devices are: 

Assembly Operations 

Handling of Machine Tools  

Spot Welding  

Handling of  Die Casting Machines 

1.2.3 Spherical or Polar Robot 

These robot are also called Spherical or Polar Robots. In this particular configuration, the arm 

is connected to the base by a twisting joint, together with  a combination of two rotary joints and one 

linear joint.  The axes form a polar coordinated system and they create a spherical-shaped work 

envelope. These robots are more sophisticated than the Cartesian and the Cylindrical Robots, while 

their control solutions are less complicated than those of articulated robot arms. This may be the reason 

why they are sometimes used as a base for robotic kinematic exercises. It should also be noted that the 

spherical robot type takes up a significant spot in robot history, as some of the first robot arms can be 

counted in this type of robot. Modern industrial robot arms  evolved from spherical robots and they are 
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sometimes regarded as this type of robot, as their work envelope  is often spherical like as well. Figure 

1.14 shows a spherical coordinated arm. 

                     a) A Spherical Coordinated Arm                           b) A Spherical Coordinated Manipulator 

FIGURE 1.14  Spherical Robot 

Major industrial applications of these devices are: 

Assembly Operations 

Pick and Place Operations 

Planting   

Welding 

1.2.4 Revolute or Articulated Robot 
 The Revolute or Articulated Robot design features rotary joints and it can range from a simple 

two joint structure to 10 or more joints. The arm is connected to its base with a twisting joint. The links in 

the arm are connected by rotary joints. Each joint is called an axis and it provides an additional degree 

of freedom or range of motion. Industrial robots commonly have four or six axes. A manipulator, whose 

first three joints are revolving joints, is a revolving manipulator. These robots have the highest of activity 

skills in a working space.  They are the most skillful manipulators. They are the most widely used arm 
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configuration, because of their flexibility in reaching any part of the working envelope. This  

configuration of flexibility allows for such complex applications as spray painting and welding and they 

are to be successfully implemented in many working situations. Figure 1.15 shows a revolute 

coordinated arm. 

                         a) A Revolute Coordinated Arm                            b) A Revolute Coordinated Manipulator 

FIGURE 1.15  Revolute Robot 

Major industrial applications of these devices are: 

Assembly Operations 

Pick and Place Operations 

Palletizing Food  

Spot Welding  

Manufacturing of Steel Bridges, Cutting Steel 
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1.2.5 SCARA Robot 

A SCARA Robot rotates along two axes in the horizontal plane and it moves linearly up and 

down. It is commonly used in assembly applications. This selectively compliant arm for robotic 

assembly is primarily cylindrical in design. It features two parallel joints that provide compliance in one 

selected plane. Although originally designed specifically for assembly work, these robots are now 

being used for welding, drilling and soldering operations, because of their repeatability nature and their 

compactness. They are intended for light to medium loads and their working volume tends to be 

restricted, as there is a limited vertical movement. Figure 1.16 shows a SCARA coordinated arm. 

                   a) A SCARA Coordinated Arm                                 b) A SCARA Coordinated Manipulator 

FIGURE 1.16  SCARA Robot 

Major industrial applications of these devices are: 

Assembly Operations 

Pick and Place Operations 

Die Casting 

Machine Vision 

Material Cutting 
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1.2.6 Parallel Robot 

With four degrees-of-freedom, the Parallel Robot link mechanism  translates its tool platform 

into a fixed orientation, with respect to the  X and Y axes. These geometries are very popular in the high 

speed packaging industry for light payload applications. The primitive joints can be arranged in 

parallel, as well as in series. A generalized parallel manipulator is a closed-loop kinematic chain 

mechanism whose end-effector is linked to the base by several independent kinematic chains. Figure 

1.17 illustrates such a parallel linked mechanism.  

                            a) A Parallel Coordinated Arm                     b) A Parallel Coordinated Manipulator 

FIGURE 1.17  Parallel Robot 

We will deal mainly with mechanisms with the following characteristics:  

1. At least two chains support the end-effector. Each of those chains contains at least one 

simple actuator. There is an appropriate sensor to measure the value of the variables that 

are associated with the actuation (rotation angle or linear motion). 

2. The number of actuators is the same as the number of degrees of freedom of the end-

effector. 

3. The mobility of the manipulator is zero when the actuators are locked. 
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Major industrial applications of these devices are: 

Flight Simulators 

Automobile Simulators 

Work processes 

Photonics / Optical Fiber Alignment 

High Speed, High-Accuracy Positioning, within a  Limited Workspace, such as in the 

Assembly of PCBs 

As Micro Manipulators mounted on the End Effector of larger but slower Serial 

Manipulators 

As High Speed/High-Precision Milling Machines 
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TABLE 1.1

Robot Advantages Disadvantages 

Cartesian or rectangular 
coordinated arm ( x y z ) 
with three linear axes 

Rigid structure, three linear axes 
Easy to add new things and their 
kinematic equations are simple

Working space is smaller than the 
robot’s size or a large work envelope 

Cylindrical coordinated arm  
( y z )  with two linear 
axes and one rotating axis  

Reach and height axes rigid 
Their kinematic equations are 
simple 

Base rotation axis is less rigid than 
the linear axis 
Huge-sized activity skills change 
according to the arm’s length. 

Spherical coordinated arm  
( y ) with one linear 
axis and two rotating axes    

Rotation axes are easy to seal 
They have an extensive working 
space 

Their control is difficult 
Huge-sized activity skills are 
different at each point 
Cannot reach around obstacles 

Revolute coordinated arm (
) with three rotating 

axes    

They have a very extensive working 
space   
Easy to move the joints, which  are 
all revolving 

Their kinematic equations are 
complex; their control is difficult 
The most complex manipulator 

SCARA coordinated arm     
( z ) with one linear axis 
and two rotating axes   

Can reach around obstacles 
Read and height axes are rigid 

Their kinematic equations are 
complex; their control is difficult 
Two ways to reach a point 

Parallel coordinated arm      
( ) with high 
inertia rotational axes 

High quality rotary joints  
Faster movements 
Still moves within its own degree of 
freedom 

More limited in the workspace 
Cannot reach around obstacles 
More difficult and can lead to 
multiple solutions 
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1.3 The Manipulator of Robots

A robot manipulator is a robot that can manipulate an object without the need of a person ever 

lifting a finger. Essentially, they are mechanical arms that can execute dynamic movements. Here is an 

example of a robot that is considered to be an industrial robot. It is called a robotic manipulator or a 

robotic arm. This robotic arm is roughly similar to a human arm. It is modeled as a chain of rigid links 

that are interconnected by flexible joints. The links correspond to the chest, the upper arm, the forearm 

joints, the shoulder, the elbow and the wrist. At the end of the arm is an end effect (tool, gripper or 

hand). The tool has two or more fingers that open and close. 

a) Robot Axes 

                                    b) Top View                                                                          c) Side View 

FIGURE 1.18  Mitsubishi Robot RV-2SDB (Source: Mitsubishi Heavy Industries Ltd) 
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TABLE 1.2

Type of Robots Operating Range Maximum Angular Velocity 

Type: RV-2SDB 
Degrees of freedom: 6 
Rated mass load capacity: 2kg 
Maximum mass load capacity: 3kg 
Position repeatability: 0.02 mm 
Mass: 19kg 

J1: 480° (od -240° do +240°) 
J2: 240° (od -120° do +120°) 
J3: 160° (od       0° do +160°) 
J4: 400° (od -200° do +200°) 
J5: 240° (od -120° do +120°) 
J6: 720° (od -360° do +360°)

J1: 225°/s 
J2: 150°/s 
J3: 275°/s 
J4: 412°/s 
J5: 450°/s 
J6: 720°/s 

1.3.1 Grippers 

Grippers are generally used to grasp and hold an object and place it at a desired location. 

Grippers are classified as mechanical grippers, vacuum or suction cups, magnetic grippers, adhesive 

grippers, hooks, scoops, and so forth. A robot is often required to manipulate a tool in order to perform 

an operation on a work part. Here, the tool acts as an end effector. Spot welding tools, arc welding 

tools, spray painting nozzles and rotating spindles for drilling and grinding, are all typical examples of 

tools that are used as end effectors. The type of mechanical gripper that is most commonly used is a 

jaw type it has a finger that moves in parallel. Depending upon the jaw design, a two-jaw gripper 

consists with two gripping fingers, which apply pressure internally or externally on the object. The 

gripper holds the object by using two or more fingers that move toward each other. 

 

FIGURE 1.19  Robot Gripper (Source: Yaskawa Electric Corporation) 
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1.3.1.1 Jaw Gripper 

The Jaw Gripper design is so very simple. Two-jaw gripper types are the most widely used in 

industry, because they require a lower cost to be manufacturing. This is because the gripper is the 

easiest type to be designed. The two-jaw gripper includes  two gripping fingers, with a pressure 

imposed externally or internally on an object, depending upon the jaw design. It can be used for 

objects that are large and small. The mechanics for the jaw-finger movements can include a linkage, a 

cam, a pinion, actuators and a  pneumatic and hydraulic cylinder. When the object is too complex and 

difficult to grasp by a two-jaw gripper, a three-jaw gripper is the best choice for more complex objects.  

                                            a) 2 Fingers                                                        b) 3 Fingers 

FIGURE 1.20  Robot Gripper (Source: Robotiq, Austin, USA) 

1.3.1.2 Magnetic Gripper 

A Magnetic Gripper is in the main group of single surface grippers, when the grippers have 

only one surface of a component that is available. These gripper-types are suitable for picking up a 

product that has a light or heavy weight, together with a flat component which is difficult to be 

controlled by the other main group of grippers. Magnetic grippers are divided into two types; 

electromagnetic and permanent magnetic. A magnetic gripper is only suitable for grasping and picking 

up various types of ferrous materials. For permanent magnets, the materials will be used  from the 

nature of the magnet. All permanent magnets require a mechanism, in order to release the gripped 

object. In addition, for a permanent magnet, the magnetic field can also be generated from electricity. It 
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can be created by a wire wound around and around and into a coil. When power is transmitted through 

the wires, a magnetic field will be produced. It will be lost when there is no electricity.  

FIGURE 1.21  Magnetic Gripper 

1.3.1.3 Vacuum Gripper 

Vacuum Grippers are also in the main group of single surface grippers. A vacuum gripper 

consists of a suction cup as picking up device. The suction cup is created out of rubber. Tubes are 

associated with the suction cups  under pressure,  for picking up an item when the air is sucked in. The 

item is released when with air is pumped out into the suction cups. The suction cups are mostly made 

of polyurethane or rubber that can stand  temperatures of between -50 and 200°C. There are different 

types of suction cups, such as depth suction cup, universal suction cups, suction cups with a bellow 

and flat suction cups with bars as is shown in Figure 1.22. 

FIGURE 1.22  Vacuum Gripper Source: Active Robots Ltd) 
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Finite Element Analysis 

A procedure for an analysis and an optimization of robot gripper designs has been developed. 

The procedure was originally applied to the specific problem of optimizing the weight of two different 

robot grippers for harvesting melons. The initial designs were modeled and analyzed by using the finite 

element method, in order to determine the critical static stresses. Based upon the results of the 

proposed approach, an optimized gripper could then be constructed. It can be seen  Figure 1.23, 

where the moments about the joints are:  

M1 = F * (L1 + L2 + L3),  M1 = 70F   (1) 

M2 = F * (L2 + L3),          M2 = 41F   (2) 

M3 = F * (L3),                  M3 = 20F   (3) 

FIGURE 1.23  Schematic Representation of a Finger 

The critical moment that creates the tension is M1. After the definition of M, the reaction 

moment on Joint 1  is written as: 

               M1 = M  (3) 

Where      M = T * rp  (4) 

Here, T is the tension force on the rope and rp is the radius of the pulley at Joint 1. From Equation 3 and 

Equation 4: 

70 F = T * 6 T = 11.667 F (5) 

After the determination of the tension force on the rope, the torque value of the actuator is calculated 

from:  
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Ta = T * ra  (6) 

Where ra is the radius of the actuator gear and ra = 10.5 mm 

Ta = 11.667 F * 10.5 Ta = 123 F [N.mm]  (7) 

Ta = 0.123 F [N.m]  (8)  

For a 6 bar pressure, the torque value of the  actuator is 2 [N.m]. Then, by using this value and 

Equation 8, the maximum gripping force for the tip point of the finger is calculated as: 

F N mm
  x 2 = 0.01626 KN , F = 16.26 [N]  (9) 

By taking the coefficient of friction as 0.5  (covering material), the maximum carrying capacity of one 

finger can be calculated as: 

m = F *  / g,       m = 16.26 * 0.5 / 9.81,     m = 0.8287 [kg]  (10) 

From the result calculated in Equation 10, the gripping capacity of a hand with three fingers and a palm 

can be calculated as: 

mG = 3 * m,         mG = 2.4862 [kg]   (11) 

Finally, it becomes necessary to define an equation for the torque-pressure in relation to the actuator of 

the gripper, in order to determine the finger force for an ‘open loop gripping force control’. The 

actuators that were used in the gripper were rotary vane-type pneumatic actuators. So, the torque value 

of the actuator is linearly proportional to the applied pressure and it is defined as: 

Torque Factor x Pressure = Torque Output   (12) 

Using Equation 12, the torque factor for the actuator is found as: 

Torque Factor = 2 [N.m] / 600000 [N/m2] = 0.334x10-5 [m]   (13) 

Then, the torque-pressure in relation to the actuator is defined as: 

Ta = 0.334x105 P   (14) 

In this equation, the unit of Ta is [N.m] and for P it is [N/m2]. Using Equation 8 and Equation 14, the 

relationship between the pressure and the gripping force is obtained as: 

F = 1.662x10-5 P   (15) 
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Here, the unit of F is [N] and for P it is [N/m2]. Equation 15 is valid for pressure ranges of between 2 

and 8 bars, which is the operating range of the actuator. 

1.3.2 Wrist  

The wrist connects the end effector to the forearm. The wrist of a manipulator may add one, 

two, or three axes of motion to the manipulator that it already processes. Robotic wrists have often been 

employed in the place of parallel platform manipulators  for those tasks that require a greater dexterity 

in their orientation. Several industrial wrists, such as the mobile robot’s slim wrist and the omni wrist, use 

a series of universal and gimbal joints, in order to create roll-pitch and roll-pitch-yaw wrists, that are 

capable of a dexterous motion over large, anthropomorphic workspaces. The axes are known as pitch 

(up and down), roll (rotation around the axis of forward motion) and yaw (back and forth). Essential to 

the development of such devices is the design of robotic wrists that are capable of supporting the 

dexterous motion required by various applications. 

                                a) Robotic Wrist Joint                                                      b) Human Wrist Joint 

FIGURE 1.24  3 DOF that are associated with a robotic Wrist Joint  

1.3.3 Electrical Power 

The main sources of electrical power for robots are batteries. The robotic memory for each axis 

is stored in the robotic battery.  The type of battery that is used for a robot varies, depending upon the 

safety, the life cycle and the weight. Rechargeable batteries and primary batteries are both used. 
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Batteries that are not rechargeable are generally more powerful. The batteries are an essential 

component of the majority of robot designs. Many types of batteries can be used. The batteries can be 

grouped by whether or not they are rechargeable. The batteries that are not rechargeable usually 

deliver more power for their size and they are, thus, more desirable for certain applications. Various 

types of alkaline and lithium batteries can be used. Alkaline batteries are much cheaper and they are 

sufficient for most uses, but lithium batteries offer a better performance and a longer shelf life. At the 

same time, there are a variety of motors out there,  with primarily AC and DC servos which duly perform 

to a better accuracy, with a brushless core, which gives them a longer service life. The rated input 

voltage for a welding power source is three-phase, 200 / 220 V and three phase, 380 / 400 V. The 

welding power source supports a voltage compensation circuit, so that the equipment can operate at a 

power voltage within ±10% fluctuations of the rated value. All the same, it is recommended to use a 

power supply as stable as possible. 

                                                      a) Battery                                                          b) Transformer  

FIGURE 1.25  Power Supplies 

1.3.4 Pneumatic Power 

A Pneumatic Power drive is used for high speed and high load carrying capabilities. A 

pneumatic power drive is clean and fast, but it is difficult to control, because the air is a compressed 

fluid. For both electrical and hydraulic drive robots most of the time, they make use of  pneumatic tools 

or end effectors. Pneumatic drives are especially used when the gripping action of the end effectors is 

a simple open and close operation, in order to pick up light objects. The pneumatic drive systems aer 
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preferred for smaller robots, as these are less expensive than electric or hydraulic robot. They are 

suitable for a relative degree of freedom design for those simple pick up and place applications. 

A pneumatic cylinder is a sealed metal tube containing a piston, when you feed pressurized air 

to the tube, it forces the piston in or out. A rod connected to the piston supplies force from the cylinder 

to some external object or mechanism. Two main factors affect the force the piston exerts, the pressure 

of the air supply and the piston is area. The greater the force, and the greater the area, the more force 

the piston is capable of. Although you can also calculate it yourself in a few simple steps. 
 

 

 

 

 

 

                       a) Two Grippers 

 

 

 

 

 

                      b) Three Grippers 

 

 

 

 

                     c) Four Grippers                                                                           d) Robot Arm and Gripper 

FIGURE 1.26  Adaptive Robot Gripper 
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1.3.4.1 Pneumatic Cylinder Force, Velocity and Power 

The output force ( F ) and the piston velocity (V ) of the double acting cylinders are not the 

same for the extension and the retraction strokes. During the extension stroke as shown in Figure 1.27 

(a), the fluid pressure acts on the entire circular piston area ( Ap ). During the retraction stroke, the fluid 

enters the rod’s end side and the fluid pressure acts on the smaller annular area between the rod and 

the cylinder bore ( Ap Ar ), as shown by the shaded area in Figure 1.27 (a). Ar   is the area of the 

piston rod. Due to the difference in the cross sectional area, the velocity of the piston changes. Since 

Ap   is greater than ( Ap Ar ), the retraction velocity (Vret ) is greater than the extension velocity (Ve ) 

for the same rate of flow.  

 a) Effective Areas during the Extension and the Retraction Strokes                    b) Pneumatic Cylinder 

FIGURE 1.27  Operation of the Pneumatic Cylinder Cushions 

1.3.4.2 Force and Velocity during the extension and  
the retraction stokes 

For the extension: 

QinVext
Ap

  (16) 

Fext P Ap   (17) 
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For the retraction 

QinVext
Ap Ar

  (18) 

Fext P Ap Ar  (19) 

For the power developed by a pneumatic cylinder ( both in the extension and the retraction): 

Power F V    (20) 

In metric units, the kW power that is developed for either the extension or the retraction stroke is:  

m mPower kW Vp F kN Qin P kPa
s s

   (21) 

Power during the extension:   

QinPext Fext Vext P ApX P Qin
Ap

   (22) 

Power during the retraction:  

QinPret Fret Vret P Ap Ar P Qin
Ap Ar

  (23)  

When comparing the equations, we can conclude that the powers during the extension and the 

retraction strokes are the same: 

Acceleration and the Deceleration of Cylinder Loads:  

In order to calculate the acceleration of the cylinder loads, the equations of motion must be understood.  

Let   

u  = the initial velocity  

v   = the velocity after a time  

s   = the distance moved during the time  

a   = the acceleration during the time  
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The standard equations of motion are:  

V U at    (24) 

V U as    (25) 

atS Ut    (26) 

and   

U V t
S  (27)  

The force F   to accelerate a weight of W horizontally, with an acceleration of a, is given by:   

Force = mass x acceleration  

wF a
g

   (28)  

Where g   is the acceleration due to gravity and it is  9.81 m
s

  . The force P  that is required to 

overcome the friction is given by P W , where  is the coefficient of the friction. 

SAMPLE PROBLEM 1. An 8 cm diameter pneumatic cylinder has a 4 cm diameter rod. If the cylinder 

receives a flow of 100 LPM and with 6 bar, find:  

(a) The Extension and Retraction speeds  

(b) The Extension and Retraction Load Carrying Capacities 

Solution: 

mQin LPM
s

  

dp  = diameter of the cylinder cm m   

dr  = diameter of the piston rod cm m   

P bar N m orPa   
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Qina Vext m s
Ap dp

  

Qinb Vret m s
Ap Ar dp dr

  

c Fext P Ap N   

d Fret P Ap Ar kN   

1.3.5 Hydraulic Power 

Hydraulic Power systems are used to control and transmit power. A pump that is driven by a 

prime mover, such as an electric motor, creates a flow of fluid, in which the pressure, the direction and 

the rate of flow are controlled by valves. An actuator is used in order to convert the energy of the fluid 

back into  mechanical power. The amount of output power that is developed depends upon the flow 

rate, the pressure drop across the actuator and its overall efficiency. Thus, hydraulic actuators are 

devices that are used to convert the pressure energy of a fluid into mechanical energy.  Depending 

upon the type of actuation, hydraulic actuators are classified as follows:  

1. Linear Actuator: For linear actuation (hydraulic cylinders). 

2. Rotary Actuator: For rotary actuation (hydraulic motor).  

3. Semi-Rotary Actuator: For a limited angle of actuation (semi-rotary actuator).  

Hydraulic linear actuators, as their name implies, provide motion in a straight line. The total movement 

is a finite amount that is determined by the construction of the unit. They are usually referred to as 

cylinders, rams and jacks. All of these items are synonymous and they are in general use, although 

‘ram’ is sometimes intended to mean a single-acting cylinder and ‘jack’ often refers to a cylinder that is 

used for lifting. The function of a hydraulic cylinder is to convert hydraulic power into a linear 

mechanical force or motion. Hydraulic cylinders extend and retract a piston rod, in order to provide a 

push or a pull force, to drive the external load along a straight-line path.  A continuous angular 

movement is achieved by rotary actuators, which are more generally known as a hydraulic motor. 
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1.3.5.1 Hydraulic Cylinder Force, Velocity and Power 

During the extension stroke, as shown in Figure 1.28 (a), the fluid pressure acts on the entire 

circular piston area Ap  . During the retraction stroke, the fluid enters the rod-end side and the fluid 

pressure acts on the smaller annular area between the rod and cylinder bore Ap Ar ,  as shown by 

the shaded area in Figure 1.28 (a) ( Ar   is the area of the piston rod). Due to the difference in the cross-

sectional area, the velocity of the piston changes. Because Ap   is greater than Ap Ar , the 

retraction velocity Vret  is greater than the extension velocity Vext  for the same rate of flow. 

During the extension stroke, the fluid pressure acts on the entire piston area Ar , while 

during the retraction stroke, the fluid pressure acts on the annular area Ap Ar . This difference in 

area accounts for the difference in the output forces during the extension and the retraction strokes. 

Because Ar   is greater than Ap Ar , the extension force is greater than the retraction force for the 

same operating pressure. 

     a) Effective Areas during the Extension and the Retraction Strokes         b) Hydraulic Cylinder 

FIGURE 1.28  Operation of the Hydraulic Cylinder Cushions 
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1.3.5.2 Force and Velocity during the Extension and the 
Retraction stokes 

Force and velocity during the extension stroke: 

Velocity 

QinVext
Ap  (29) 

Force Fext P Ap   (30) 

Force and velocity during the retraction stroke: 

Velocity 

QinVext
Ap Ar   (31) 

Force Fext P Ap Ar   (32) 

The power developed by a hydraulic cylinder (both in the extension and the retraction) is: 

Power Force Velocity F V   (33) 

In metric units, the kW power developed for either the extension or the retraction stroke is: 

Power kW Vp m s F kN  

                    Qm m s P kPa   (34) 

Power during the extension  is: 

QmPext Text Vext P Ap P Qm
Ap   (35) 

Power during the retraction is: 

Pret Fret Vret  

         

QmP Ap Ar
Ap Ar  

         P Qm  (36) 
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When comparing the equations, we can conclude that the powers during the extension and the 

retraction strokes are the same. 

SAMPLE PROBLEM 2. A three-stage displacement type telescopic cylinder is used to tilt the body of 

a lorry (Figure 1.29). When the lorry is fully laden, the cylinder has to exert a force that is equivalent to 

4000 kg at all of the points in its stroke. The outside diameters of the tubes that form the three stages 

are 60, 80 and 100 mm. If the pump powering the cylinder delivers 10 LPM, calculate the extended 

speed and the pressure that are required for each stage of the cylinder when tilting a fully laden lorry. 

                                a) Schematic of the Three Stages                       b) Hydraulic Cylinder 

FIGURE 1.29  Operation of the Three-Stage Displacement 

Solution: 

First-stage:  

First-stage diameter = 100 mm  

First-stage speed     =

    

       

                             m
m

  

  

Quantity flowing
Area
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First-stage pressure  = 

    

    

                                 
N N bar
m m

  

Second-stage: 

Second-stage diameter  = 80 mm 

Second-stage speed     =

    

       

                                       m m
minmin m

  

Second-stage pressure = 

    

   

                                       
N N bar
m m

 

Third-stage: 

Third-stage diameter     =  60 mm 

Third-stage speed         =

    

       

                                      m m
minmin m

  

Third-stage pressure    = 

    

   

                                     
N N bar
m m

 

Load
Area

Quantity flowing
Area

Load
Area

Quantity flowing
Area

Load
Area
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Telescopic cylinders are made in a standard range for vehicle applications. Although non-standard 

cylinders can be obtained, they tend to be very expensive if ordered as a single piece.  

1.3.6 Servo Motor 

The increasing automation in all areas of mechanical engineering and system design requires 

shorter and shorter cycle times and more flexibility when changing products. These requirements are 

becoming increasingly more difficult to implement with conventional asynchronous systems, or with 

hydraulic or pneumatic components. These developments have caused to a big change in drive 

engineering. This has meant  that  Servo Drives are being  primarily used in the following industries: 

Robotics 

Packaging Technology 

Handling Systems 

Machine Tools 

Sheet Metal Processing 

Paper Processing 

 

                                        a) DC Servo Motor                                           b) AC Servo Motor 

FIGURE 1.30  Servo Motors 

This word ‘servo’ was very appropriate when servo technology was in the area of rapid development for 

semiconductor technology and modern microcontrollers. Highly integrated and powerful computer 

systems and their memory modules now make the use of digital controls possible, allowing for the 
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range of functions for  drive systems to be considerably increased. The additional features of servo 

motors are: 

High Speed Accuracy 

Large Speed Setting Range 

Short Acceleration Time 

Short Torque Rise Time 

High Static Torque 

Small Mass Moment of Inertia 

Low Weight  

Compact Design 

The servo motor family can be grouped as follows:  

 

FIGURE 1.31  Flowchart of the Servo Motor 

The most important differentiating criteria lie in: 

The design of the motors (stator, rotor) 

The necessary control structures 

The encoder systems 
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1.3.6.1 Type AC Servo Motor 

Permanent field DC motors were used as servo drives, which were controlled by thyristor 

controllers or transistor converters. The technical advances in the area of power semiconductors and 

microcontrollers have been huge. Nowadays, Permanent field AC synchronous servo motors have a 

larger market share than AC asynchronous servo motors. This is because of the different properties of 

the motors. The permanent field AC synchronous servo motors and the AC asynchronous servo motors 

will be looked at in more detail below: 

DC Servo Motor 

Synchronous Type AC Servo Motor 

Induction Type AC Servo Motor 

1. DC Servo Motor 

The DC servo motor can easily be designed by using a simple circuit, because the torque is 

directly proportional to the amount of current. The factor that limits the output of the power is the heat 

from the motor due to the current. Therefore, an efficient removal of the heat is essential in order to 

generate a high torque. The velocity range of the DC servo motors is very broad and the price is very 

low. However, the friction with the brusher results in a mechanical loss and noise, it is also necessary to 

maintain and manage the brushes. 

                      a) The Structure of a DC Servo Motor                                b) DC Servo Motor 

FIGURE 1.32  DC Servo Motor 
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2. Synchronous Servo Motor 

A Synchronous Servo Motor only differs in the design of their its magnetic circuits and the 

distribution of its stator windings. The magnetic field that is produced by the stator current in a 

synchronous motor is distributed sinusoidally around the circumference and it is similar to that which is 

found in an asynchronous motor. A synchronous motor is operated by using three sinusoidally shaped 

currents, each offset by 120 . It is, therefore, a three-phase AC motor. The term sinusoidal commutation 

is derived from the sinusoidally shaped current waveforms. 

The basic design of a synchronous servo motor consists of: 

A rotor with permanent magnets 

A stator with suitable winding 

The power connection  

 An encoder 

 

             a) The Structure of a Synchronous Servo Motor                      b) Synchronous Servo Motor  

FIGURE 1.33  Synchronous Servo Motor 

3. Induction Servo Motor 

An Induction Servo Motor is identical to that of a general induction motor. If a multi-phase 

alternating current flows through the coil of a stator, a current is induced in the coil of the rotor and the 

induction current generates the torque. In this particular servo motor, the stator consists of a frame, a 

stator core, an armature coil and lead wire. An induction servo motor has a simple structure and the 

rotor consists of a shaft and a rotor core that is built with a conductor.  
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                   a) The Structure of an Induction Servo Motor               b) Induction Servo Motor   

FIGURE 1.34  Induction Servo Motor 

1.3.6.2 Encoder 

An Encoder can detect the current position for the positional control. Generally, this is built into 

the end of the power transmission shaft. In order to control the velocity, the velocity is detected by a 

sensor, or it is calculated by the positional control data that is detected by the encoder. The method for 

detecting the velocity uses the encoder, in a way of counting the pulses that are generated in unit time 

and as a means of detecting the interval between all of the pulses together. 

                                         a) Pulse Signal                                                        b) Encoder 

FIGURE 1.35  Encoder 

1. Incremental Encoder 

The structure of an incremental Type Encoder has three kinds of slits,  A, B , and Z. The slits A 

and B generate an output  waveform and the Z slit generates the zero phase. The light which is emitted 

from an LED is detected by a photo detector, after passing one slit of the rotation disk and one of the 

slits A, B, or Z, on a fixed slit panel. Slits A and B are arranged in a phase difference of 90 degrees and 
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the electric signal of the output is generated as a square wave, whose phase difference is also 90 

degrees. The Z slit generates a square ware, indicating one revolution of the encoder. 

                                     a) Rotation Disk                                               b) Encoder Composition 

FIGURE 1.36 Incremental Encoder 

Incremental rotary encoder advantages: 

More Cost Effective and Cheaper than an Absolute Encoder 

Simple Pulse Counting or with Frequency Monitoring Applications, such as Speed, 

Direction and Position Monitoring 

Flexible Scaling Functionally 

Magnetic Measuring Principle 

2. Absolute Encoder 

The structure and the signal generation method of an Absolute Encoder are both identical with 

those of an incremental encoder. However, the disk slit of an absolute encoder and the arrangement of 

the photo detectors are different from those of an incremental encoder, as is shown in Figure 1.37. In 

this type of an encoder, the slit on a disk slot provides a binary bit. So that the outermost part of a disk 

is set to the lowest bit and as many slits and photo detectors exist as the number of bits.  
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                                a) Rotation Disk                                                b) Encoder Composition 

FIGURE 1.37  Absolute Encoder 

Absolute rotary encoder advantages 

Remembers its position after a power outage and offers continuous position monitoring  

Multiple interface options, such as Analog, Ethernet, Fieldbus, Parallel and Serial 

Single turn and multi turn revolution options available 

Optical  magnetic measuring principle 

They typically have speed, scaling, preset and fieldbus functions 

 

SUMMARY 
The objective of this first chapter was to introduce the different types of robots. The common 

types of robots include Rectangular or Cartesian Robots, Cylindrical Robots, Spherical or Polar Robots, 

Revolute Robots, SCARA Robots and Parallel Robots. A ‘manipulator’ performs the required work 

motions for the robot. At the end of a manipulator is an end effector, a gripper, or the end of arm tool. 

The power supplies are usually classified as electrical power, pneumatic power, hydraulic power and 

servo motors. The encoder applications detect the position of the robot movements.  
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