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ABSTRACT 
 
The purpose of this thesis was to demonstrate motion control system both generally 
and in detail with a model as an illustration. The thesis was commissioned by Autotech 
Machinery JSC. The main goal of the thesis was to gain a deep understanding about 
motion control theoretically and to apply that knowledge into electrical designing and 
programming for an actual machine as a practical project. 
 
Motion control is used with motors which include a servo motor, a stepper motor and a 
linear motor, to provide mechanism movements in a controlled manner. In order to 
make that happen, drivers and controllers are needed. All of the above are mentioned 
in the theory part of the thesis. At the same time, a machine called PF Appearance 
Checking Unit, commissioned by Autotech Machinery JSC, which has a stepper and a 
servo motor, a cylinder and many other electrical components is the field project to 
illustrate what I had learnt theoretically and how I applied those to work on a project.  
The servo motor moves the camera to a predetermined position, then the stepper 
motor rotates the cylinder-stabled products for the vision system to check the quality. 
When the quality checking is done, the cylinder moves backward for the products to be 
removed. It is the result of a project the company did for a customer. I was in charge of 
selecting electrical components, electrical drawing, wiring, and programming code. The 
PF Appearance Checking Unit’s purpose is to represent the main unit which is a quality 
checking unit of a fully automated machine which will be built in the future where there 
will be a supply unit, a quality checking unit and a finishing unit. 
 
The goal of the thesis was to extend the knowledge of motors and motion control both 
theoretically and practically. Web-based research, literature and research papers were 
used for the theoretical part of the thesis. For the practical part, the documents on the 
programming code of the machine which are attached as an appendix indicate the 
method, the process and the result of my field work.  
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1 INTRODUCTION 

There is no denial that motion control plays a vital role in every kind of industry. It has 
become the most essential aspect of modern industrial machinery design. Motion 
control system presents itself clearly in every factory as an indispensable tool to control 
mechanism movements of conveyors, robots, etc. The basic idea behind motion control 
is the actuators cause acceleration to reach the desired destination but there is no 
guarantee that the joint of the robot or the conveyor belt stops at the destination 
without any incidents or worst go beyond that. In order to make the machine operate 
properly and precisely to achieve specific requirements, motion control need to become 
motion control system. It means that feedback devices are needed to complete the 
combination of controller, driver and motor. In addition, motion applications require 
various engineering skills to entirely understand the mechanical and control aspect 
which resulting in the significant of the background knowledge about motion control 
systems and their mechanical specifications.  
 
The practical part contains the project, the machine, that I designed for my company. 
The machine contains a servo and a stepper motor, a PLC, an HMI, a cylinder and some 
other electrical components. The project was a good opportunity to practice choosing 
and designing components for an electric box, being familiar with motors and lastly 
programming code.  
 
The research question was to obtain basic knowledge about the motion control system 
and its components, alongside with designing the quality checking machine electrically 
and programming that machine. Through the theoretical sections of the thesis, one is 
able to obtain more knowledge about motion control system’s components and the 
system as a whole. The thesis would enhance the experience to not only that person’s 
first approach to the topic but also the better preparation when one starts working in 
factories or companies. The practical application consists of brief background 
information about the concept and operation of the machine, the software and the 
hardware used, the process of designing the machine and to conclude, the programming 
stage. The pictures of the PLC code and HMI screens are showed as Appendix 1. 

2 MOTOR 

2.1 Introduction to motors  

An electric motor is a device which performs converting electrical energy into 
mechanical energy. The principle behind an electric motor is electromagnetism which is 
the process where a magnetic field is created by introducing the current in the 
conductor. Applying that to an electric motor, it generates magnetic field by providing 
electric current to a coil, the magnetic field causes a force with a magnet then produces 
movement. (Ducksters, n.d.) 
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There are two kinds of motors, DC motors and AC motors. Even though they serve the 
same purpose of a motor, it is obvious that they are different not only running by 
different power source but also by their design. However, for familiarity purposes, 
manufacturers classify their products according to the power source as well as the 
functionalities of the motors. Both classifications are explained in detail in chapters 2.3, 
2.4 and 2.5. 

2.2 History 

Even though being presented by Joseph Henry and Michael Faraday as a motion device 
using electromagnetic fields, in 1834, the first real electric motor shown in Figure 1 was 
developed by Thomas Davenport. “Real” emphasizes that the motor was capable of 
doing an actual task. Despite the fact that these devices could not help mankind at that 
time anything in particular, they set a great foundation for future generations to develop 
them into such essential devices. It was Davenport’s motor which turned out to be the 
first important application of electric power, not light bulb. (Edison Tech Center, n.d.) 
 

 

Figure 1. Thomas Denver’s electric motor, the first “real” motor 
(Edison Tech Center, n.d.) 

 
 
Until 1873, the electric motor eventually achieved commercial success where Zenobe 
Gramme demonstrated the first DC electric motor, as illustrated in Figure 2, in 
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exhibitions in Vienna and Philadelphia. 14 years later, Frank Sprague showcased the 
world the first practical application of electric motor with the electric trolley system. 
(eNotes Editorial, 2018) 
 

 

Figure 2. Frank Sprague’s DC electric motor (Vintage Machinery, 2011) 

 
In the case of induction motor (AC motor), the first induction motor (figure 9) was 
introduced by Nikola Tesla in 1888 resulted in the Second Industrial Revolution as it 
made efficient generation and long-distance distribution of electric energy by using 
alternating transmission system, possible. In the 20th century, an enormous expansion 
of electrical power distribution happened all around the globe. A 25 000-kW capacity 
was considered a large generating unit for the first decade of the century, but 20 years 
later, a 208 000 kW was the largest unit in the United States. Due to the huge amount 
of electricity, the world’s technology has been thriving perpetually since then. (BBC, n.d.) 
(Puiu, 2016) 
 
 

2.3 DC motor 

DC means direct current which is the power source for DC motors. DC motors are used 
wherever variable speed is required. However, due to the limitation of battery-operated 
motors and the development of variable frequency drives, the popularity of the DC 
motor has fallen off significantly. 
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 A DC motor consists of three main components:  
- Stator: the stationary part which is the permanent magnet.  
- Rotor: copper wire wound into a coil mounted on an axle. The magnetic field which 

is the result of electricity flows through the coil, interacts with the field created by 
stator and creates rotational mechanical energy by spinning the axle.  

- Commutator: commutator is a split copper-made ring, with each segment of the 
ring attached to the end of the coil. Commutator is to ensure the coil do not move 
in opposite direction and the axle spins correctly, commutator is needed. (Beckett, 
2018) 

 
 
 
DC motors are classified into a brushed DC motor and a brushless DC motor. Firstly, a 
motor brush or carbon brush is the small part of the motor that conducts the electrical 
current between stator and rotor. Now it is the time for explanation and classification 
of those two motors. 
 
Brushed DC motor 
 
As described before, the stator is the permanent magnet with north pole and south pole 
as seen in Figure 3, which generates a magnetic field surrounds the rotor. The rotor or 
armature of the motor consists of the windings. The winding often is copper wire would 
into a coil mounted on an axle. When electricity flows through the coil, the magnetic 
field is made, it interacts with the field made by stator and creates rotational mechanical 
energy by spinning the axle. The distinctive component of this motor is brushes and 
commutator. The commutator is a split copper-made ring, with each segment of the ring 
attached to the end of the coil. The commutator is to ensure the coil do not move in 
opposite direction and the axle spins correctly, commutator is needed. The brushes are 
connected directly to the power source. When the motor is running, the brushes contact 
with different segment of the commutator rings as it rotates. That process ensures the 
precisely rotation of the commutator and axle. The basic diagram of a brushed DC motor 
is shown in figure 3. 
 
Brushed DC motor can be connected directly to the power source and controlled simply 
by a switch; therefore, it saves initial investment. However, due the constant physical 
contact, brushes and commutators wear out which results in maintenance and 
replacement fee. The noise comes from the switching action of the commutators is also 
one of the disadvantages of brushed DC motor. In addition, the efficiency of brushed DC 
motor is not high (75-80%) compared to brushless DC motor (85-90%). The efficiency of 
a motor is how much that motor transform the total power usage into rotational force 
instead of heat dissipation. (Quantum Devices, 2014) 
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Figure 3. Basic brushed DC motor diagram (Kundu, 2018) 

 
How the stationary magnetic field is produced in the stator differentiates the brushed 
DC motor into four groups: a permanent magnet, a shunt wound, a series wound and a 
compound wound motor.  
 

- Permanent magnet 
A permanent magnet brushed DC motors (PMDC) displayed in Figure 4 uses  the 
permanent magnet to generate stator magnetic field. The persistent of the magnetic 
field makes these motors react instantaneous with voltage changes. PMDC motors are 
in favour where applications involving fractional horsepower due to the cost effective 
of permanent magnets. The disadvantage is the permanent magnetic wears out the 
magnetic properties over time. (Condit, 2004) 
 

 

Figure 4. Permanent magnet DC motor (Condit, 2004) 
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− Shunt wound 
A shunt wound brushed DC motor is one that has the field coil connected parallel with 
the armature, therefore, the current in the field coil is independent from the current in 
the armature as shown in Figure 5. Five or more horsepowers is needed is where shunt 
wound brushed DC motor comes in handy. (Condit, 2004)  
 

 

Figure 5. Shunt wound brushed DC motor (Condit, 2004) 

 

− Series wound 
A series wound brushed DC motor as seen in Figure 6, has the field coil connected in 
series with the armature. This motor is an ideal option for high torque applications 
because when the motor carries a load, the current in stator and rotor both increases. 
However, the precision in speed control is poor comparing with permanent magnet and 
shunt wound motor. (Condit, 2004) 
 

 

Figure 6. Series wound brushed DC motor (Condit, 2004) 

 

− Compound wound 
The combination of series wound and shunt wound makes one a compound wound 
motor shown in Figure 7. Both series and shunt field exist inside the motor. The 
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compound wound motor have higher torque than shunt wound motor yet displaying a 
better controlling than shunt wound motor. (Condit, 2004) 
 

 

Figure 7. Compound wound DC motor (Condit, 2004) 

 
 
 
Brushless DC Motor 
 
The stator and the rotor of each motor is what differentiates those two. The stator of 
brushed motor is the permanent magnet where the stator of brushless one is the group 
of coils providing electromagnet. The rotor of the brushed motor is the group of coils 
where the rotor of brushless one is the permanent magnet. This results to two 
questions: which coil to be energized by the electricity and when to energize it. A hall 
effect sensor is used to ensure the rotating field by acknowledging the angular position 
of the rotor (figure 8). Hall effect sensors which are mounted either 60° or 120° apart 
from each other, are magnetic field sensors whose job is to monitor the rotor’s position. 
Three hall effect sensors are mounted to either the rotor or the stator and use six-steps 
commutation. Most motors have a small set of magnets mounted at the end of the rotor 
shaft. These magnets are aligned in the same way as the main magnets of the rotor itself. 
Every time one of these small magnets passes by a sensor, the sensor gives a low or high 
signal indicating the S or N pole of magnet, which results in rotor’s position detection. 
As it can be seen in figure 8, one of the hall sensors changes its state after every 60° 
electrical rotation of the rotor magnetic field. the three-digit code “010’ or “100” 
represents the position of the rotor field as well as the state of the sensors. Each digit 
shows the high signal (1) when the sensor is triggered by the North Pole of the rotor and 
low signal (0).   (Learn Engineering, 2014) (Gürocak, 2016) 
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Figure 8. Three hall sensors create six segments for the course 
measurement of the absolute position of the rotor field. Each 
segment is identified by three-digit code (Gürocak, 2016) 

 
The phases of a brushless motor must be switch on/off electronically in a certain 
sequence to keep the two fields in proper orientation to produce torque. The electronic 
switching is called commutation and the six-step commutation is one of the most 
common commutation algorithms.  
 
Since there are no brushes to wear out, the maintenance and replacement fee are low. 
But the initial investment of brushless DC motor is high due to the need of encoder or 
drive or controller (Quantum Devices, 2014). 
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2.4 AC motor 

 

  

Figure 9. The world’s first induction motor invented by Nikola Tesla 
(Puiu, 2016) 

 
Same as the DC motor, the AC motor has the same design as a typical motor which 
consists of two main parts: a stator and a rotor. In the case of AC motor, the stator is a 
stationary part which has windings that transform electricity from power source into 
rotation magnetic field. The winding places into slots of the stator which are thin highly 
permeable steel laminations stacks together. The rotor is the rotation part of the motor 
which is made of aluminium or copper bars that run lengthwise. Those bars are induced 
by the rotation magnetic field of the stator and rotates the connected shaft continually. 
Due to the reduction in speed called slip, the induction motor runs slower than a 
synchronous motor. Three to five percent slip at full load is a normal rate of an induction 
motor. (Learn Engineering, 2017) 
 
The AC motor is classified into two groups based on how to power it: phase (figure 10). 
The phase in electricity is the current or the voltage among the existing wire as well as 
a neutral cable.  (El-Pro-Cus, n.d.) 
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Figure 10. Comparison between single phase and three 
phase AC motor (LA Construction Heating & Air Conditioning ) 

- Single phase induction motor: 
The motor runs by a single-phase power supply which means the power is provided by 
a single conductor (wire) with 230V. House appliances use this type of motor the most 
due to the small amount of power supply, simple design and economical initial 
investment. (El-Pro-Cus, n.d.) 
 
The stator of the single-phase induction motor has main winding and auxiliary winding. 
The auxiliary winding is connected to a capacitor and placed perpendicular with the 
main winding. When electricity flows in the main winding, a fluctuating magnetic field is 
introduced. This magnetic field keeps a running rotor runs continually which means 
single phase induction motor is not a self-starting motor. A fluctuating magnetic field is 
equivalent to the sum of two opposite rotating magnetic field. Since those are opposite 
magnetic fields, the torques produced by them are equal and opposite results in the net 
force equal to zero. That is the reason why single-phase induction motor is not self-
started motor, it runs properly if the rotor has an initial rotation. The auxiliary winding’s 
purpose is to produce that initial rotation. The ingenious idea was Nikola Tesla’s. The 
auxiliary winding cancels one of those rotating magnetic fields causing the rotor to 
rotate. (Learn Engineering, 2017) 
 

- Polyphase (three-phase) induction motor: 
Three phase power supply is provided for the motor. With the voltage of 415V, three 
conductors (wires) are connected to the motor, provide electricity and make it operate 
properly. Its applications are mostly in huge industries’ factory where heavy loads are 
needed to be moved. The reasons why polyphase induction motor’s popularity is in 
industry are the ability to operate at different loads and different speeds and its 
robustness when operates in hazard environment. (El-Pro-Cus, n.d.) 
 
The stator is basically three coils winding provided electricity by a three phase AC power 
source. When the current flows through the windings, a rotating magnetic field is 
produced. The rotor’s bars are induced with the current, it starts rotating. In compare 
with single phase induction motor, three phase motor is a self-started motor. The speed 
of the magnetic field is Ns, one of the rotor is Nrotor and the difference between them is 
call motor slip which is illustrated in this formula: 
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𝑆𝑙𝑖𝑝 =  
Ns −  Nrotor

Ns
 

In addition, by changing the frequency of the power input, the speed of the motor can 
be easily controlled. (Learn Engineering, 2017) 
 

2.5 Familiar classification 

2.5.1 Stepper motor 

In general, stepper motor is a brushless DC motor which rotates in steps. Stepper motor 
rotates precisely without closed feedback loop which means it is an open loop system. 
To explain how a motor is an open loop system, the structure of the stepper motor needs 
to be mentioned. Image a motor with 6 stator teeth which are energized by three DC 
power sources and 4-tooth rotor (figure 11). With this structure, only a pair of rotor 
teeth are aligned with the stator ones. A group of opposite stator teeth is energized, a 
pair of rotor teeth are aligned with those, when the next group of opposite stator teeth 
is energized while the first group is not, the rotor rotates 30° to be aligned with that 
group; the motion continues accordingly. In order to reduce the step size, we either 
increase both rotor and stator’s teeth or energise two groups of opposite stator teeth 
and turn off one of them while energize the next group. (Learn Engineering, 2016) 
 

 

Figure 11. Stepper motor diagram (Bolton, 2004) 

 
The motor can be driven in various ways depending on the step modes which is how and 
how many times the rotor rotates until a 360° rotation is achieved. These motors are 
described in the following. 
 
The first mode is full step mode in which a 360° rotation is achieved with minimum steps 
(number of turns). The disadvantage of the full step mode is less inertia and less smooth 
of the rotation. Two approaches are used in full step mode: one phase-on stepping 
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means only one group of opposite stator teeth is energized at given time and two phase-
on stepping means two groups of opposite coils are energized which leads to better 
torque and speed but consume more power compare to one phase-one stepping. (Raj, 
2018) 
 
The next mode is half step mode which was described earlier on how stepper motor 
works generally. The combination on one phase-one and two phase-one stepping takes 
out all the disadvantages of those mentioned above. (Raj, 2018) 
 
The last mode is micro step mode. Despite the fact that this is the most complicated 
mode, but it brings precision with good torque and smooth operation. The coil is 
energized with two sine waves which are 90° apart which results in better control the 
direction and amplitude of the current flowing through the coil. Micro step mode offers 
the huge number of steps that the motor can make to achieve the full rotation. (Raj, 
2018) 

2.5.2 Servo motor 

Servo motors are commonly used in a closed loop system which consists of control 
circuit, amplifier, motor and feedback device. The motor is assigned with a specific 
position, velocity, acceleration, etc commands. The feedback device provides the 
information of how the motor operates in reality. Then the control unit shows the 
comparison between the desired motion and reality for the users to make changes or 
calibrations. (RealPars, 2018) 
 
Servo motor is the most versatile motor and it can be various types. Servo motor can be 
either AC or DC, brushed or brushless and synchronous or asynchronous motor. The AC 
servo motor is the most common one which is robust, capable of withstand high current 
and frequently used for industrial applications. (RealPars, 2018) 

2.5.3 Linear motor 

Linear motor is the one which converts rotational movement into linear movement. 
Basically, linear motor needs guide rails to ensure the movement and the magnetic field; 
and especially the position feedback device. The most common applications of linear 
motor are sliding doors, conveyors, elevators, etc.  

3 MOTION CONTROL SYSTEM 

3.1 Definition 

In general, motion control is about controlling motors to make mechanism movements 
in a high precision manner. The motor brings the acceleration and helps one division of 
the mechanical components reach the desired destination. The motor and the division 
make and axis. Considering a robot arm which consists of joints and arms, the arm and 
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the motor helps it moving are one axis of the whole arm (Gürocak, 2016). There are two 
kinds of a motion control system: Open loop system which does not use feedback 
devices to compare desired outputs and reality ones, closed loop system which uses 
feedback devices.  
 
Motion control is acknowledged as the heart of automated machinery and process. It 
can be encountered in every factory in which there are plenty of motors. In order to 
operate all those motors in a synchronized manner, a motion control system is needed. 
The basic components for a motion control system are controller, drive and motor. 
Position, velocity, acceleration and torque of an axis are governed by the system. 
However, to achieve the precision needed and adaptation for different load, feedback 
devices are necessary. To achieve the perfect outcome from a motion control system, 
the engineer needs to possess a numerous of engineering skills to understand the 
machine and the system thoroughly. 
 

3.2 History 

Machinery was brought to the world reducing human effort, improving productivity and 
making life more convenient after the first and second industrial revolutions. However, 
at that moment, controlling all those machines were a huge challenge. Not until about 
70 years ago, a milestone was established in the process of motion control system 
revolution. Electronic controls were first designed as John Parson pioneered production 
to manufacture of Sikorsky helicopter blades. He optimized precise and accurate cutting 
of aerodynamic shapes of blades by exploiting the early computer technology. His action 
led to the standardize the concept of Computer Numerically Controlled (CNC). By the 
time of 1950s, control system became a standard of manufacturing for companies. CNC 
was a gigantic improvement comparing with manual machining of parts. Then Dick 
Morely’s team created the programable controller in 1968 which opened up the 
opportunities and led the way to the third industrial revolution. Distributed control 
systems (DCSs) with special control requirements for PID algorithms and sequential 
control. Nowadays, any processors are capable of performing CNC, DCS, PLC function. 
Those are all control based with the differences in programming and tasking. (Meyer, 
2016) 
 
Perfect coordination is what a machine needs to achieve, and it was accomplished by 
mechanical means before the era of programmable controllers. The source of the 
motion came from a large electric motor or and engine which ran at a constant speed. 
A line shaft was connected to the motion source and was used to govern all the axes. 
Each axis was conjugated to the line shaft with different connecting methods such as 
pulleys, belts, linkages, etc as seen in  Figure 12. Since only one motor or engine drives 
many axes, clutches and brakes were used to start or stop specific axis. The speed of one 
axis was determined by the gear ratios between the line shaft and that axis itself. The 
biggest difficulty was the system was made for only predetermined purposes. When 
changes were introduced, it required components adjustments or replacements, not to 
mention calibrations. (Gürocak, 2016) 
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Coordination in multi-axes machines is easily achieved through electronic gearing in 
software. In modern multi-axes machine, each axis has its motor and electric drive, the 
line shaft is replaced by shorted shafts which are connected directly from motor to the 
division of mechanical component of the machine illustrated in Figure 12. The typical 
motion system has a motion controller which interprets commands from a program then 
operate motors to reach desired intentions of users. With nowadays technology, eight 
axes coordination motion controllers are familiar. (Gürocak, 2016) 
 

 

Figure 12. Multi-axes coordination (Gürocak, 2016) 

 

3.3 Applications of motion control in modern world 

In this chapter, three main applications of motion control in modern industry are 
described in the following. 

3.3.1 Indexing 

 

Figure 13. Conveyor indexing (Nidec) 

When a motor runs, it brings the object to a predetermined position for the production 
line to continue its sequence. As Figure 13 illustrates, the conveyor brings the boxes to 
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position which below a feeding tube. The boxes stay at the position for one minute while 
goods fill up then the boxes continue their way to be concealed and loaded up. It is 
essential for the motor to runs and moves other objects at the exact predetermined 
distance in a given time. Following acceleration and deceleration profile makes the 
movement effortless and more precise. This type of application is known as single axis 
motion (discrete motion with time). (Nidec) 

3.3.2 Flying shear 

 

Figure 14. Flying shear saw application (Nidec) 

A flying shear shown in Figure 14 is a reference/ follower system. It is used in cutting a 
continuously moving product to a specific length, the cutting mechanism (follower) must 
be synchronised with the speed that the product is moving (reference). To achieve the 
synchronisation, the speed and position of the production must be measured by 
reference encoder, then it tells the motion controller to adjust the speed of the follower. 
After the action of cutting is executed, the shear reverses and returns to its initial 
position. Flying shear is known as 1.5 axis interpolated motion (synchronised discrete 
motion) where the accurate synchronisation is the most crucial element of the whole 
system. (Nidec) 
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3.3.3 Pick and place 

 

Figure 15. Pick and place application (Nidec) 

As the name says for itself, pick and place machines as seen in Figure 15 are used for 
handling processes where an item needs to be picked up and placed in a different 
location. An advanced pick and place machine can operate in all dimension at the same 
time for a higher efficiency. For example, the manipulator (the device that picks up the 
item and places it) after picking up the object will move diagonally to the destination. 
To achieve the compatibility of multi-axes movement, common time synchronised 
clocks are needed. They help defining uniform movements. Since the machines are able 
to operate in two or three dimensions, they are called X-Y or X-Y-Y tables. (Nidec) 
 

3.4 Components 

In general, the combination of the motion control software and controllers works like a 
human brain in comparison with human body. While motor and actuator represent for 
muscle and joint, feedback devices or sensor operate as human senses in the whole 
motion control system. (Kerns, 2018). A complete motion control system needs devices 
as figure 16 illustrated.  
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Figure 16. A motion control system (Kerns, 2018) 

 

3.4.1 Motion control software 

First off, the motion control software is where an engineer establishes his power and 
control the whole system, as well as writes programs for coordination and drives 
synchronisation. However, since late 1990s early 2000s, the developments of motion 
control enable engineers to focus more on the system design instead of spending hours 
programming. Not only 40 motion axes capability system but also system with drive 
tuning is available. In the drive tuning software, a few parameters are all that needed to 
be provided, the software itself does the rest. In addition, some software support basic 
element of motion control which are electronic gearing, relative and absolute moves, 
registration and programmable limit switches. (Langnau, 2000) 
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3.4.2 Motion controller 

Secondly, motion controller is what receives commands from motion control software 
and tells the motor to do its job. Also, it does the comparison between the input 
command and the feedback signal for the purpose of immediate action to carry out the 
desire output. Motion controllers can be divided into three group: stand-alone, PC based 
and individual microcontrollers. Stand-alone controller is an entire system which 
consists of power supply, electronics and external connections all concealed in a physical 
box. Stand-alone controllers are built in a machine that dedicated to one motion control 
application which brings limitations for the machine itself and users also. PC based 
controller is mounted onto the motherboard of a basic PC or industrial PC. The PC based 
controller is processing board that generate and execute motion profiles. This type of 
controller brings convenient for costumers with the users-friendly interface. The last one 
is individual controller (IC) which is mounted onto a circuit board along with feedback 
inputs and outputs. IC is inexpensive and gives users the chip-level access, however, 
users are required relatively good programming skills. (Motion Control Tips Editor, 2011) 
 

3.4.3 Drives 

The next device in the list is drives. It is essential to distinguish motors and drives. Motor 
is an electrical device that generates rotational or linear force. In other words, motor is 
a device that physically do the work or carry load. In the other hand, drive is the device 
that controls the electrical energy sent to the motor. Users choose frequency that being 
sent to the motor which means users are controlling the speed and torque of the motor. 
(Mraz, 2015) 
 

3.4.4 Feedback devices 

Besides motors which had been mentioned in chapter 2, feedback devices is the last in 
the list. Depending on the design of the machine and possibilities of improvement that 
users decide which feedback devices are needed for the machine. However, there are 
some feedback devices that are must-have. Quadrature encoder which gives 
momentary position in comparison with the start position. Tachometers which provide 
velocity feedback. Resolvers serve the purpose of converting mechanical motion into an 
electric analog signal to find absolute position. Many more to list. (Kerns, 2018) 
 

3.4.5 Mechanical components 

The whole motion control system must serve a specific purpose and that is through 
mechanical components to achieve desired motion. Two of the most popular 
mechanical components are linkages and actuators. Linkage is an assembly of bodies 
connected to manage forces and movement. An actuator is a device that create motion 
in straight line. (Kerns, 2018) 
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3.5 Motion profile 

When an object is moved from its initial position to its destination, the object follows a 
trajectory which is the path was created for the object to reach its destination. In motion 
control, a trajectory is called motion profile. The motion profile is constructed to ensure 
the accuracy and safety when an object moves from its initial position to the desired 
position. Moreover, the motion profile illustrates the velocity, acceleration, 
deceleration and position commands. The object accelerates from the starting position 
to reach a constant predetermined velocity moving toward the destination. Until it goes 
pass a certain point on the way, the object starts to decelerate and stop when it reaches 
its destination. (Gürocak, 2016) 
 
Before getting into details, some of the basic terminology will be explained. Velocity 
profile is the graph illustrates the changes of the speed when motor accelerates from 0 
to when it decelerates back to 0. Position means the distance from starting position after 
completing the motion. Jerk indicates the rate of changes of acceleration with respect 
to time. To understand further about motion profile, two familiar profiles will be 
demonstrated in detail.  
 

3.5.1 Trapezoidal velocity profile 

First one is trapezoidal velocity profile. The trapezoidal velocity profile is familiar due to 
its simplicity. As it can be seen in Figure 17, the profile itself alongside with the 
acceleration, position profiles and jerk (also known as jolt, which is a derivative of 
acceleration). The parameters are usually known as velocity vm, acceleration a, distance 
travelled by the load s. 
The acceleration and deceleration might not be equal but the total motion always equal 
to the sum of time of acceleration, deceleration and constant speed: 
  ttotal = ta + tm + td 
The total distance that the load travelled is calculated as follow: 

  𝑆 =  
𝑡𝑎∗𝑣𝑚

2
+ 𝑡𝑚 ∗ 𝑣𝑚 +

𝑡𝑑∗𝑣𝑚

2
 

In the case the time of acceleration and deceleration are equal, the total distance and 
the move time are: 
  S = vm(ta + tm) 

  Tm = 
𝐿

𝑣𝑚
− 𝑡𝑎 

(Gürocak, 2016) 
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Figure 17. Trapezoidal velocity profile and position, 
acceleration and jerk profiles (Gürocak, 2016) 

 

3.5.2 S-curve velocity profile 

The other familiar profile is S-curve velocity profile (figure 18). This kind of profile makes 
the whole motion system smoother. The sharp corners result in discontinuities in 
acceleration and deceleration of the trapezoidal profile which lead to infinite jolts in the 
system. In the other hand, those corners are rounded to create S-curve velocity profile. 
Unlike the trapezoidal profile, the acceleration is not constant. As the velocity changes, 
the transition between positive, zero and negative acceleration phases happens 
genuinely. The jerk in S-curve velocity profile is finite and as long as it stays that way, the 
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cycle operation does not be disturbed by sudden shock loads. As shown in Figure 18, 
seven distinct phases are being illustrated. The four curved segments are implemented 
using quadratic equations. The remaining three are straight lines with positive, zero and 
negative slope. (Gürocak, 2016) 
 

 

Figure 18. S-curve velocity profile and position, 
acceleration and jerk profiles (Gürocak, 2016) 
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Figure 19. Pure S-curve velocity profile (Gürocak, 2016) 

 
In the case of linear segments elimination, the S-curve velocity profile becomes pure S-
curve velocity profile as figure 19. The equations to calculate all elements for S-curve 
velocity profile are shown in table 1 where C1, C2, C3 are coefficients to be determined 
using boundary conditions (Gürocak, 2016) 
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Table 1. S-curve velocity profile’s equations (Gürocak, 2016)  

 

3.6 Move mode 

Each move consists of moving type and constraints, which are move position/distance, 
maximum velocity and acceleration/deceleration. Based on these elements, the 
trajectory generator creates a velocity profile. Following the velocity profile, the axis 
starts moving from the starting point, accelerates to the predetermined speed the 
decelerates and stops when reaching the destination. (Gürocak, 2016) 
 

3.6.1 Linear move 

The most basic move mode that operates on a straight line between two points. There 
are two ways to specify the target positions: absolute and incremental. In absolute 
mode, each move is made with the respect to the origin location. For incremental mode, 
the subsequent move is made from the current position. (Gürocak, 2016) 
 

3.6.2 Circular move 

The tool tip (cutting tool) follows the circular arc which is generated as a path. This move 
mode requires multiple axes to be coordinated by the controller automatically. In 
addition, the starting point, final point and center point of the circular arc must be 
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specified, also the direction of the move since clockwise and counter-clockwise arc 
(figure 20) are available. (Gürocak, 2016) 
 

 

Figure 20. Clockwise and counter-clockwise arc (Gürocak, 
2016) 

 

3.6.3 Contour move 

The trajectory is made up of many segments in some applications. The contour moves 
are required when trajectory cannot be constructed by using lines or arc segments. A 
sequence of positions is specified beforehand, then the controller connect those using 
splines and form the trajectory. Normally, position profile between two adjacent points 
is generated using cubic splines which prevent sudden changes in velocity or 
acceleration. (Gürocak, 2016) 
 

3.7 Velocity blending 

Blending the velocity of the first move to the second move is what makes the movement 
smoothly. The blending starts at the point of deceleration in first movement as figure 21 
illustrates. When blending is activated, the end position of each segment may not be 
reached. (Gürocak, 2016) 
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Figure 21. Two linear moves with and without blending. 
(Gürocak, 2016) 

 
 

3.8 Single-axis motion 

Single-axis motion is one axis moving at a certain time without any coordination with 
other axes. Two main types of single-axis moves are jogging and homing (Gürocak, 
2016). These moves are explained briefly below. 
 
Jogging is simply moving an axis, whose parameters are determined in advance to 
designate its velocity and acceleration. Jogging commands capable of making the axis 
move positive or negative direction to either specific position or continuously without a 
predefined stop. (Gürocak, 2016) 
 
In the case of homing moves, the goal is to establish a reference position called home 
position. All subsequent moves are defined with respect to the home position once it is 
found. The most familiar approach if to use a move-until-trigger scheme to find the 
home position registered by a sensor. (Gürocak, 2016) 
 

3.9 Multi-axis motion 

Multi-axis machines require the perfect coordination between axis to fulfil the desired 
outcome. In motors’ perspective, there are three basic movements of axes: move one 
axis at a time, move all axes at the same time (slew motion) and adjust the motion of 
axes so that they all start and finish at the same time (interpolated motion). In motion 
control system’s perspective, coordinated multi-axis motion might involve multiple 
motors driving one axis, coordinated motion of two or more axes and following using 
master/follower synchronization. (Gürocak, 2016) 
 
Slew motion represents for the concept of axes start moving at the same time with the 
same speed but each axis finished its motion at different time. However, interpolated 
motion represents for the motion where axes are coordinated by the controller. In the 
interpolated motion, when an axis that complete its task faster than others, controller 
slows it down to finish the whole system’s task. There are two ways to tackle this 
problem which are whether slow down while keeping the acceleration time or slow 
down while keeping the acceleration. (Gürocak, 2016) 
 

3.9.1 Multiple motors driving one axis 

The common examples for this are gantry machines and advanced pick-and-place 
systems. Taking a gantry machine as an illustration, two motors drive the linear motion 
of the base axis in figure 22. These motors must be synchronized to prevent skewing the 



26 
 

 
 

base axis and they are assigned to the same coordinated system that defines the axis. 
(Gürocak, 2016) 
 

 

Figure 22. Gantry machine with two motors driving the 
base axis. (Gürocak, 2016) 

3.9.2 Coordinated motion of two or more axes 

Complex motion can be created by coordination of multiple axes controlled by motion 
controller. To be specific, each motor drives a single axis, but all axes move with 
coordination. Through circular and contour moves, the coordination is achieved 
successfully. By assigning the axes to the same coordinate system, the coordinated 
moves are accomplished, alongside with commanding those moves together at once.  

3.9.3 Following (master/follower synchronization) 

There are many motion control applications where some axes are not under influence 
of the motion controller. For example, in the case flying shear application, the feeding 
conveyor does not need the control of controller. However, the cutting mechanism and 
the cutting tool must be synchronized with the speed of the feeding conveyor to achieve 
desired outcome. As a result, the master/follower synchronization is needed. The 
eternal axis is the master (feeding conveyor), the one that follows the master is follower 
(cutting tool). The follower axis operates under the influence from the master encoder 
which is external encoder instead of internal trajectory generator. Nevertheless, 
coordinated motion is more recommended rather than master/follower 
synchronization due to the smooth trajectories. (Gürocak, 2016) 
 

3.10 Motion control programming 

As it was mentioned before, motion controller is considered the “brain” of the whole 
motion control system. Motion control not only monitors I/O but also generates and 
manages complicated motion profiles. Each manufacturer has their choice of 
programming language and environment for their own controllers. I will use my practical 
project to be example for this section. 
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3.10.1 Motion programs 

The desired motion can be programmed using mathematical, logical, machine I/O 
operations and commands. Controller parameters can be set by the program. One 
motion program can call other as subroutines. All of the programming language used by 
controller have constructs to control the logic flow in a program. The basic constructs 
are WHILE loop, FOR loop, IF … THEN command or mathematical commands such as SIN, 
COS, SQRT, etc. (Gürocak, 2016). 
 

The motor which generates the rotation as motion for the machine needs a driver, 
motion control module or inverter to control it as it working to achieve the desire 
purposes. Basically, all needs to be done are selecting the suitable settings. For the 
inverter, the parameters required to be set are frequency, speed, deceleration and 
acceleration time. Those parameters guarantee the motor works properly for simple 
purposes without controlling with programming code. Because of that, the inverter does 
not provide the positioning control as driver or motion control module does, that is the 
reason why a machine or a unit that required a precise position has motor with driver 
or motion control module, this is where a motion control system is used. According to 
my experience, a PLC with positioning control sends out commands for the driver or 
motion control module through communication protocol or output signals. These types 
of motor controller process the commands and make the motor rotate to complete the 
motion. The parameter required adjustment for those are the total of pulse input and 
output and rotation speed. Commands in Mitsubishi PLC provide option for types of 
positioning control, output pulse and rotation speed so that user do not have to change 
settings of motion controllers. In addition, motor operates in an industrial environment 
usually has gearbox. This should be considered and calculated with caution since it affect 
the speed of the motor alongside load. In particular, one specific motor rotates 3000 
revolutions per minute as standard speed, with a 1/10 gear box, 3000 becomes 300 
revolutions per minute, load would also lower the RPM. 
 
 

3.10.2 PLC functionality 

PLC is one type of controller that commonly used in automation since 1960s. A PLC 
program is written mostly in ladder logic format; however, structure text is also a well-
known format. A PLC program runs continuously in a scan-mode which means the 
program runs in an infinite loop one the program is triggered. In each scan cycle, the PLC 
reads the state of all I/O devices and the whole program from start to bottom to 
determine the new state of output devices with the given state of input devices. 
Typically, PLC programs carry out monitoring inputs, update outputs, configuring 
hardware, sending commands and communication with the human-machine interface. 
Motion controllers mimic the scan cycle of the PLC as a software that runs on the motion 
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controller itself. It runs PLC programs in the background while executing the motion 
programs. (Gürocak, 2016). 
 
The best example is my practical work. I chose Mitsubishi components such as: FX3G 
PLC, GS2107-WTBD HMI; to be the brain which controls and monitors the whole system. 
The PLC and HMI communicates using RS485 protocol, a RS485 cable to be specific, due 
to the fact that both of them are capable of using this protocol. For them to be linked, 
the setting of the HMI must be adjusted to be compatible with the PLC, the setting is 
showed in figure 23. With these settings and using the same variable for the same 
purpose, the communication is formed and running.  
 

 

Figure 23. PLC-HMI communication setting 

 
As I mentioned in section 3.10.1, Mitsubishi PLC has commands that optimize the 
positioning control experience for user. Figure 24 indicates with one simple command, 
user can drive the motor to the position one wishes. DDRVI means drive to increment 
which executes one-speed positioning by incremental drive. To simplify it, user provide 
the total output pulse, the pulse frequency can also be called speed, the device number 
from which pulses are to be output and the device number to which rotation direction 
signal is output. The total output pulse can be positive and negative according to users’ 
wishes. Both of those device number are output from PLC; in this case, Mitsubishi FX3G 
PLC has 4 output pulse which are in pair: Y0 is pulse output and Y4 is rotation direction, 
the same for Y1 and Y5 respectively.  
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Figure 24. Mitsubishi PLC – Positioning control command 

 

4 PF APPEARANCE CHECKING UNIT 

The machine was the result of researching web-based sources, literature and research 
papers to understand through beyond basic information about the motion control 
system and motors theoretically; and field experience. Then I used all the above to select 
equipment, to design an electric box, to wire all the equipment and to program the 
machine to work as expected. The machine is described in detail in the following.  

4.1 Basic concept and operations 

The PF Appearance Checking Unit is a machine that uses a camera and a vision system 
to evaluate products for frauds in the rubber bands or scratches at both ends of the 
axes. The machine is an experiment one to test the process and the mechanism in order 
to design a fully automated system.  
 
In the following there are some pictures of the machine and three units of its operation. 
First one is the vision unit which contains camera which is provided by the customer and 
testing stage takes place at their factory; and a servo motor as seen in Figure 25. Delta 
components were chosen. The servo motor model was ECM-B3M-C20604RS1 and the 
driver is ASD-B3-0421-L. The movement of the mounting bracket is due to a ball screw, 
a lead screw shaft and a linear movement guide. The servo journey is limited and 
controlled by three OMRON photomicro sensors of type EE-SX674A. 
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Figure 25. Vision Unit 

 
 
Figure 26 is the rotary unit, where the stepper motor rotates so that four circular axis 
rotate which leads to the rotation of products. Autonics components were selected for 
this project, A16K-G268 was the model of the stepper motor with the MD2U-MD20 
driver. Figure 26 displays how the stepper motor rotates the products. As the motor is 
working, it rotates the belt which leads to the movement of the bearings.  
 
 

 

Figure 26. Rotary Unit 
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Figure 27 shows the cylinder whose main purposes are supporting the rotation and 
stabilizing the products. The shaft and the hand twist are for adjusting the position of 
the whole unit. Two SMC limit switches D-A93L are used to indicate the current position 
of the cylinder. 
 

 

Figure 27. Cylinder 

4.2 Electrical equipment 

4.2.1 Motor 

The servo motor chosen was ECM-B3M-C20604RS1 and the driver is ASD-B3-0421-L, 
both were from Delta and both needed 220VAC power supply. The 400W motor was a 
three-phase motor which could operate at 3000 revolutions per minute as a standard 
speed. The driver assisted me to do positioning control and monitor the operation of 
the motor precisely. The servo rotates in a linear mode and moves the camera into the 
position to do the quality checking. 
 
The stepper motor was A16K-G268 and the driver was MD2U-MD20 which were from 
Autotonic and worked properly with the 24VDC power supply. The motor’s resolution 
was depended on how the microstep was chosen. In this case, I chose a full-step setting 
which meant per one pulse the motor rotates 1.8°. With this parameter, I could easily 
calculate how many pulses the motor needed to reach the desired position or angle. The 
stepper motor rotates the product so that the camera can take pictures and evaluate 
the quality of the product.  
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4.2.2 Cylinder 

As a cylinder, SMC MGPM16-10Z whose initial position was backward was chosen. This 
is the air cylinder which operates forward when air flows through the solenoid and back 
to the initial position when air is blocked at the solenoid. The cylinder helps stabilize the 
products when they are being rotated by the stepper motor and checked by the vision 
system. The two D-A93L sensors indicate the position of the cylinder. They were 
connected to the PLC so they could be monitor as necessary elements for the 
programming code. 

4.2.3 Equipment in electric box 

For a 24VDC power supply, Omron S8FS-C15024 was chosen. When provided 220VAC as 
its power supply, the output was 24VDC. 24VDC was the power source for the HMI, the 
sensors, the pushbuttons, the relays, and also be the common source for the PLC input 
and output. 
 
Two types of relays were used: 24VDC and 220VAC. Two 24VDC relays used PLC outputs 
as input signals, with PLC outputs on, the relays received the signal and changed the 
polarity so that there was a current to the equipment behind them. The 220VAC was 
used to supply current to the electric box lamp and the fan. If the door is closed, the 
lamp is off and the fan is on, when the door is open, vice versa.  
 
FX3G-40MT was the PLC used. Its power source was 220VAC, however, the two common 
sources for input and output were P24 and N24 respectively in order to receive and send 
out signals to the equipment.  
 

4.3 Process of designing the machine 

Since the machine was a company project, I did not do everything on my own. First, the 
mechanical team designed the machine and sent the 3d model to the electrical team. In 
the meantime, I consulted the mechanical team and my supervisor when choosing the 
electrical components for the electric box. In the case of the two motors, work load was 
calculated with caution and precision to ensure those chosen motors reach the 
requirements. As soon as I received the 3d model, I started to design and layout the 
electric box as seen in Figure 28 which included an aptomat, relays, a PLC, a servo driver 
and a stepper driver. The purpose of the high degree of auxiliary components’ space was 
for experimenting. As it was said before, the machine served experimental causes so 
auxiliary space was for when customer wanted to assemble more equipment to the 
machine.  
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Figure 28. Electric Box  

4.4 Brief introduction to hardware and software 

4.4.1 Hardware 

Firstly, a Mitsubishi MCB BH-D6-2P-10A was used for the 220VAC power supply. The 
total power (P) was calculated carefully before choosing the MCB. The next component 
was the noise filter WOONYOUNG WYFS06T1M which was used to reduce noise to the 
lowest level when electricity travels through the line. The 24VDC power supply operated 
onto a 220VAC power source to provide a 24VDC power source for the relays, the HMI, 
the and IO from PLC. The PLC used for this machine was an FX3G-40MT which included 
24 inputs and 16 outputs. The PLC was linked to the HMI GS2107-WTBD via a RS485 
cable. 
 

4.4.2 Software 

Since the main controlling unit was Mitsubishi’s, the software for the PLC and HMI were 
GX Works2 and GT Designer3 respectively.  
 
Ladder is the best method for a huge programming code and I had been working with 
this method for a while before I started working and have been doing it ever since. That 
is the reason for choosing ladder as I was working on this project. Nearly 3000 steps 



34 
 

 
 

were conducted for the PF Appearance Checking Unit and it took over 1000 steps for 
the servo controlling code alone.  
 
Syncing between the PLC and the HMI was not required as the auxiliary relays, timers, 
counters and data registers were used in the HMI to serve the same purpose as they did 
in the PLC. 
 
 

4.5 Programming stage 

 
I divided the whole program into 13 small and specific sections: “Main” which included 
auto/manual/origin mode selections, “power on” definition and password for the 
setting on the HMI; “Input”, “Define” where the home position of servo and the whole 
machine were specified, “Manual” – for the manual mode with a command from a 
virtual button on the HMI for the servo motor, the stepper motor and the cylinder fix; 
“ORG” – was the same as “Manual” where the command for the whole machine went 
back to the initial position, “Auto” - where the process was planned out and executed, 
“Error” where errors were determined, “HMI” which transferred virtual button on the 
HMI to command in the PLC, “Servo” and “Step” contained pulse-to-mm conversion, 
speed predetermination and commands for positioning control of both motors, “Data” 
contained the cycle time of the process and the quality counter by hours and by days, 
“Output” where all commands became actual operations.  
 
The most difficult problem that I had to overcome was to make use of the built-in pulse 
output for the positioning control. Fortunately, there were functions and a good amount 
of special auxiliary relays and data registers to help me solve the problem. During the 
assembling period, I was doing the programming in advance, however, I was struggling 
with the positioning control using built-in pulse output. The special auxiliary relays and 
device registers are easy to understand but this is not the case with commands. Even 
though I was done with most of the program, it still took me a day to experiment with 
the code and the actual motor. 
 
Figure 29 shows how I did the wiring for the IO cable of the servo motor. Y00 and Y04 
are built-in pulse outputs which are used for positioning control, the PLC also give “servo 
on”-Y10 and “servo reset alarm”-Y11 signal for the servo driver. It takes in the signal for 
“servo ready” and “servo alarm” through input X20 and X21. The signal “servo EMG” is 
triggered when the servo is faulty in any way or the button EMG is pushed since the 
button is connected to the relay KA-Y16. 
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Figure 29. Wiring for servo IO cable 

 
The same applied when controlling the stepper motor. The manual recommended 
resistor when using 24VDC for external driving pulse as seen in Figure 30. The customer 
required adjustable rotation quantity, for example, when the servo motor moved the 
camera to the desired position, the products rotated 12, 15 or 36 times. That rotation 
quantity represents how much the products rotate in degree; 12 times equals 30°, 36 
times equals 106 times equals 10°. The conversion from pulse to degree was 
complicated, quite a few trials were done until I got it right. 
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Figure 30. Wiring diagram for stepper motor  

 
The entire program and HMI are attached in the appendix. 

4.6 Testing and results 

The process of testing the machine when it was done assembling was as follow: firstly, 
it was made sure that the power sources were correct and the wire was connected the 
same as in the electric drawing; next stage is called “IO check” where I made sure all the 
equipment worked properly, for example: the button was pressed, the light was on, the 
PLC received the signal, or the PLC and the HMI were on, etc; after that was the “manual” 
stage, at this stage, I downloaded the programming code and the HMI into the devices 
and controled manually all the equipment; lastly, the “auto” stage was where I let the 
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machine run with the process that I coded and tried to adjust and improved the process 
until it met the requirements. 
 
The design phase was done after a week and the whole machine was working properly 
after a month since the project first started. At first, the program was ready simply for 
just manual and the “IO check” and “manual” took a little amount of time. I started 
positioning control and the code for the process, this was where I struggled the most. 
To control both motors manually was quite doable, nonetheless, the pulse-speed-
position conversion was the problem for positioning control. I tried a good amount of 
formulas to calculate the pulse, and after a day of doing them, I finally managed to 
complete it. As a result, the servo moved to the correct position as the pulse conversion. 
The same was done for the stepper motor with pulse conversion, however, in this case, 
I actually did a lot more calculation due to the step angle and microstep setting. Yet, I 
also finished it at the end of the same day I finished the control for the servo motor. 
After spending one day to solve the positioning control problem, on the day following, I 
finished the code for the auto process. However, that process was straightforward which 
the stepper motor rotated the during the auto process instead of having rotation 
quantity. The customer’s representative came to have a brief evaluation as soon as the 
QC department checked all the boxes which meant the machine was ready to be 
delivered. He asked for a light and a limit switch for the electric box, some adjustment 
for the the HMI: Comments were in both English and Vietnamese since their operators 
were from Vietnam, additional functions and processes as a few camera and vision 
systems will be used experimentally. I spent another day to complete all of these 
additional requirements. 
 
The machine was delivered to the customer’s factory. They have been experimenting 
with it and combined it perfectly with two kinds of cameras and vision systems. Me 
personally have visited there twice to support the communication between the PLC and 
the vision system.  

5 CONCLUSION 

The theory part illustrates the basic concept of motors and the motion control system. 
Every categorized motor is described. Motion control system is analysed both generally 
and extensively. Basic applications of motion control system, the components which 
form the system, motion profiles, move modes and single-axis and multi-axis motion are 
depicted adequately. Additional information about the PLC and programming are also 
brought up in this thesis.  
 
The thesis continues with the practical project commissioned by Autotech Machinery 
JSC. The project showcases the structure of how an automated machine operates in a 
production line, the components included and the programming code. The project is 
suitable for new employees which contribute to their knowledge and field experience 
enormously in the long run. The project was to design a machine electrically with the 
elements of motion control system: the PLC, two types of motor: a servo and a stepper 
one and drivers. The system is capable of controlling motion and monitoring it. The 
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machine successfully met all the requirements of the customer both as to the electronics 
and mechanics.  
 
In conclusion, the goal of the thesis was accomplished beyond expectation. An overall 
knowledge of motors and the motion control system are described in the theory part. 
The practical project was where I applied my knowledge into the electrical equipment 
selection, the electric drawing, designing the electric box, wiring and the programming 
code. The machine operates as a quality checking unit where the servo motor moves 
the camera to a predetermined position, the stepper motor rotates the products so that 
the vision system takes pictures to evaluate the quality and to check for frauds. The 
cylinder guarantees the stabilization of the products when rotated. The project displays 
a successful designing a machine and programming.  
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Programming code 
 
I. PLC 
 

- Main 
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- Input 
 

 

 
 

- Define  
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- Manual 
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- Error 
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- Password 
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- Enable 
 

 
 

- Servo 
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- Step 
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- Data  
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- Output 
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- Initial 
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- Monitor: 
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- Setting : 
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- Setting : 
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- Data : 



79 
 

 
 



80 
 

 
 

 
 

- Error : 
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- Password: 
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