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Abstract 
 

The PLC (programmable logic controller) is a microprocessor-based regulator or controller 
that is used for implementation of logical functions for controlling industrial processes, where in 

 
As automation device that includes microprocessor, the manners of communication between 
PLC and the developer or operator are realized through the graphical and textual languages, 
where since the beginning of utilization, the basic or most used language for implementation of 
logical functions is the graphical language called LLD (ladder logic diagram), but with rapidly 
development and advancing techniques in years, there are also created other different languages 
where operators have options or other alternatives to choose, based on their abilities and skills. 
Thus, the most applied languages for PLC programming are unified and standardized according 
to IEC 61131.  
In this article GRAFCET (graph for step transition control) is presented as one of the methods or 
techniques used for designing industrial processes accompanied with discrete events and also the 
manner of transforming this technique into LDD or SFC (sequential function chart) through the 
logic equations. To complete the description of the implementation process, all these procedures 
are illustrated with a practical project that fulfills the real requirements of the industrial sector. 
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The PLC (programmable logic controller) is a programmable controller based on microprocessor 
that is used to automate industrial manufacturing systems in order to eliminate multiple 
electromechanical installations to implement logical functions or to build a control circuits. 
Initially, it was used to replace the logic of relays, but through its advancing this controller is 

cause the structure of a PLC is based on the same principles as those employed in 
computer architecture, it is capable not only of performing relay switching task but also 
performing other application such as counting, comparing, timing, arithmetic calculating, 
complex calculating, processing analog and digital signals. [1] 
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input/output field devices to perform various technological operations. 
 
 
The IEC 61131 standard 
 
In order to realize a technological operation or to setup the field devices in function mode, first 
the PLC must be programmed through PC, Hand-Held programming device or directly from its 
display, but the case  not the device you choose but the programming languages. 
So, this is the reason the IEC 61131 was created to unify and standardize multiple languages 
related to PLC programming. 
The IEC 61131 define and describe five basic programming languages for programming PLC, 
where three of them are graphical languages and rest are textural languages. [2] 
 

Table 1.  
Programming languages by IEC 61131  Abbreviations  Form  
Ladder Logic Diagram  LLD Graphical 
Function Block Diagram   FBD Graphical 
Sequential Function Chart  SFC Graphical 
Instruction List  IL Textural 
Structured Text  ST Textural 

 
Ladder Logic Diagram  LLD 
 
Ladder Logic Diagram is the most used programming language for PLC programming because 
the structure of this language is similar to schematic fig 1. 

 
 
 
 
 
 
 
 
 
 

Figure 1 Relay Schematic (left) and Ladder Logic Diagram (right) 
 

The LLD structure consists of power rails which are two vertical lines that present positive and 
negative pole of the voltage sources, while the horizontal line called the ladder rung which 
present the flow of signals or electricity through input/output field devices. 
Ladder Logic Diagram main instructions are: 

 Contacts  present the input field devices, which change the state of outputted field 
devices. 

 Coils  present the output field devices. 
 Functional Blocks  present the memorize elements which are: timer and counter. 
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Timer and Counter use the time value and number of pulses to change the state of 
contacts or coils. 
 

Table 2. Instructions 
 

Symbol      

Definition Normaly 
Open 

Normaly Closed Coil Timer Counter 

 
 

GRAFCET 
 
Most of control systems or industrial processes where the PLC is implemented are sequential, so 
these systems initially are described linguistically then explicitly designed including all field 
devices, so in last step after we write the code we upload it 
it is all correct and clarity. [3] 
There are several techniques for designing automated processes that are shown in table below. 
 
 

Table 3. Designing techniques 
 
 
 
 
 
 
 
 
 
GRAFCET  is a method, technique or we can say algorithm that describe control systems step 
by step correctly and clarity. This technique could be applied to any type of discrete control 
regardless of medium which supply the signals or information (pneumatic, electric, hydraulic, 
electropneumatic). The reason of using GRAFCET is that the steps or technology operations of 
processes with complex configuration can be described easily. 

 
 

  

GRAFCET  Graph for step transition control 

PETRI NET 

STATE DIAGRAM 

FLOW CHART 
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GRAFCET structure or GRAFchart consists of several blocks that are shown in fig.2 
 

 
 

Step blocks - are marked by numbers or capital letter with index numbers: 1,2,3  or X1, X2, 
X3 n, this block describe which technological operations occur or tell us processes phase. 
Actions blocks  in this block we put the output field devices that tell us which actuators are 
operating. The horizontal line between Steps introduces Transition, where we putt on the input 
field devices to jump from one to another step. Nowadays, in automation industry the GRAFCET 
with small changes is known as a Sequential Function Chart (SFC). According to IEC 61131 the 

that was derived or created from 
GRAFCET, so the processes with complex configuration can be easily programmed. 
The SFC uses the same blocks and rules as GRAFCET, it distinguishes at the point of marking 
the output field devices on action blocks only fig 3. 
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Figure 2.  

Figure 3. Graf chart (left) and Sequential Function Chart (right) 
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Transformation GRAFCET  LADDER DIAGRAM 
 
During the transformation of the GRAFCET structure into LLD, the steps block is substitute by 
internal relays, transition by contacts and action blocks by coils. To realize this transformation 
between those graphical programming languages, first we must describe every step and action 
blocks by logical functions through equations, then from those equations we build ladder 
diagram based on logical circuits or Boolean Postulates. [4] 
The logic equation for step-transition-action blocks: 
 

11 XiX StepStepXTStepStepX  

Step X  actual step 
Step X-1  prior step 
Step X+1  next step 
Ti - transition 

 
Practical Project 
 
To demonstrate the importance and to conclude the research on automation and PLC, using the 
GRAFCET-SFC and LADDER programming languages, we have implemented a simple 
practical project in group, which provides the process of liquid bottle filling and closing in a 
serial line while moving on the conveyor belt. 
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Figure 4. Grafcet  Ladder Diagram Transformation 
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Sequences of process are: 
( 0 ) The conveyor belt is inactive 
( 1 ) The operator presses the Start Button to start conveyor belt or machine. 
( 2 ) The Motor 1 start moving. 
( 3 ) The Sensor 1 checks for bottle. If the bottle is present, the Motor 1 will deactivate, while 

Pump will be activated for 20 sec. If there is not bottle Motor 1 will operate for 30 sec 
and machine will be deactivated. 

( 4 ) After 20 sec Pump goes off while Motor 1 goes on, in this phase bottle is filled and take 
on the cap. 

( 5 ) If Sensor 2 detect the bottle, the Motor 1 goes off while Motor 2 goes on CW for 7 sec to 
grip cap, after the timer reach the predetermine value the same motor run CCW until 
Sensor 3 detect the pull out step. 

( 6 ) This will be counted as 1 cycle. If counter reach at value 100 the machine goes inactive. 
( 7 ) If there is any malfunction, machine has a Stop Button where operator can press anytime 

to avoid any damage or to stop machine. 
 
GRAFCET chart and equations: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

Figure 5. Grafchart and logic equations 
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Ladder Diagram LogoSoft Siemens V7: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

 
 
 
 

 

Figure 6. Ladder Logic Diagram of practical project 

Figure 7. Practical project with PLC 
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Conclusion 
 
In the course of my research, by exploring the control systems I have come to the conclusion that 
automation of industrial systems through programmable logic controllers is applied in every 
segment of the industry and beyond thanks to the speed and accuracy of the operation. 
As the most widespread regulator in industrial processes for several decades, PLC still continues 
to be implemented in every industrial sector, thanks to its simplicity of use and resistance under 
various operating conditions.  
Another indicator that demonstrates the PLC's longevity in the market is the possibility of 
programming in five different languages, where to make programming easier it has become 
possible to utilize various design techniques developed over time, as is the designing method 

 project. 
In conclusion, we can emphasize that programmable logic controllers, while being subject to 
continuous modification and refinement, will dominate control over the automation field for a 
long period of time. 
 
References 

 
[1]. D. Johnson, C. (2014). Process Control Instrumentation. London. 
[2]. D. Petruzella, F. (2007). Programmable Logic Controller. New York. 
[3]. Bryan, L. B. (1997). Programmable Controller Theory and Implementation. Atlanta, 

Georgia. 
[4]. Hugh, J. (2007). Automating Manufacturing Systems. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


