ACMA6001	Ben Rowland-Jones	2213554

PLC CONTROL – DEVELOPMENTS & FUNCTIONAL SPECIFICATIONS
Ben Rowland-Jones













Table of Contents
1.0 Introduction	2
2.0 Main Findings	3
2.1 The History of Programmable Logic Controllers	3
2.2 Functional Design Specification	7
3.0 Conclusion	13
4.0 Bibliography	14
 
























1.0 Introduction  

Programmable Logic Controllers (PLCs) are part of the foundation of modern industrial automation, and have played a key role in making industrial control systems more robust, flexible and programmable whilst also remaining cost effective . During the first twenty years of its existence, the PLC became the most prominent and important industrial control component of the century; whilst also aligning with the original design intentions of a PLC which are ease-of-use and application .
The main findings of this report is split into two parts, the first part being a literature review focusing on the history and implementation of PLC technology. This section pays particular attention to the historical evolution and key milestones in its history in the industrial automation industry. The origins of PLC technology along with the circumstances that lead to PLCs being necessary in a control system will also be discussed. 
There will also be a focus on how the PLC has changed and evolved in terms of hardware, software and how these improvements have affected the overall capabilities of PLC technology. The impact that PLCs had on industrial operations will also be discussed and reviewed, paying particular attention to improvements to manufacturing processes, productivity and the affect this particular technology had on industry standards.
The second part of this report focuses on function design specifications (FDS), focusing on the steps involved in creating an FDS for a PLC control system. Critical details that must be included in an FDS will be reviewed and the evaluation of some real-world examples from an engineering company and the salient challenges that can occur when creating an FDS.









2.0 Main Findings

2.1 The History of Programmable Logic Controllers

The invention of the PLC came to fruition to try and move away from control systems that were in place during the 1960’s. These systems consisted of control rooms with several walls containing a number of terminal blocks, an array of relays and ubiquitous wires. This sort of system was the cause of many issues, but the main disadvantages of these control rooms were:
Very inflexible; difficult to make any changes to the process or to expand it
Fault finding; even though it usually was a quick fix, it mostly took hours to find the root cause of any given issue due to the complexity of the system
The cost of replacing electromechanical relays

The first documented attempts at creating a control system that overcomes the issues stated above whilst also reducing machine downtime and conforming to the already instated relay ladder logic came from the company Allen-Bradley. They first introduced the PDQ-11 (program data quantizier) and the PMC (programmable matrix controller) but neither of these designs were suitable due to their size and customisability .
In 1968, a team from Bedford Associates lead by Richard E. “Dick” Morley developed the programmable controller (PC) which adopted the ladder logic programming language and featured parallel processing. This is a method of drastically reducing software installation time by using architectural and algorithmic methods to concurrently process calculations . A photograph of the PC that Morley’s team built, the Modicon 084 is shown in Figure 1:

Figure 1, from left to right: Richard Morley, Tom Boisevain, Modicon 084, George Schwenk, and Jonas Landau 
The ladder logic was used to emulate the relay controls whereas solid-state electronics were introduced to carry out the commands usually performed by the electromechanical relays used in historic control systems . 
These initial PLC iterations were simple in terms of how they operated, complying to Boolean algebra or “on/off control”. These first generation PLCs paved the way for engineering companies to add more features and capabilities in order to produce a more advanced and modern control system. The second generation of PLCs housed more progressive functions which included timers and counters, whilst also introducing the capability of setting and resetting system memory and mathematical operations  . Also produced by Modicon, the 184 is an example of the second generation of PLCs with the added feature of analogue inputs and outputs embedded into the PLC architecture which addressed a crucial need to directly process analogue signals. An image of the Modicon 184 can be seen in Figure 2: 

Figure 2, The Modicon 184 
The purpose of the PLC is to control numerous pieces of industrial hardware, so communication between the hardware was absolutely necessary. In 1979, Modicon developed a communication protocol called Modbus in order for any given PLC to be able to communicate and exchange data between parallel internet protocol addresses; this advancement paved the way for industrial practices such as smart factories and industry 3.0. Modbus is still used in some modern PLCs due to the fact that it is an open source protocol that has no data communication limit, but the most desirable aspect of Modbus is that it was specifically designed to be used on PLCs . 
1992 saw the introduction of the IEC 61131 standard for industrial automation programming which was created to reduce the amount of different PLC manufacturers having their own programming language. This adds to the work already done to make the programmable logic controller an easier and more user friendly piece of hardware . Below in Figure 3 shows the Allen-Bradley PLC-5 which is a PLC that was released in 1986:

Figure 3, Allen-Bradley PLC-5 
Following on into the 2000’s, PLCs started to become faster, with more powerful processors and an increase in memory due to electronic components becoming increasingly compact. An advancement in communication was also introduced to the technology in the form of Ethernet/IP (internet protocol); which is a connection-based protocol that allows for fast, stable data transfers between devices on a shared network . There is an argument to be made that one disadvantage of Ethernet/IP is that not every device within a given control system has the relevant ports to be connected to a network via ethernet, ergo making Ethernet/IP a protocol that is not suitable for every PLC .
The mid 2010’s saw the first mention of the fourth industrial revolution or Industry 4.0, and it’s adoption of the internet of things (IoT) which is a term used to describe a network of devices or components that are all connected to a shared network to allow for communications within that system . 
An early example of a PLC being designed with IoT in mind is the Siemens S7-1200, which housed a built-in ethernet port capable of programming the PLC, attaching devices such as HMIs (human machine interface) allows for process monitoring to take place remotely. A severe disadvantage of this PLC and ethernet protocols is cyber security, as this type of communication is an easier target for cyber-attack due to the shared ethernet connection . 
Since their inception, PLCs have been a quintessential hardware in the manufacturing and automation industries and even in modern times have allowed these industries to keep up with the extremely high demand of the 21st century. Their robustness, flexibility and dependability ensured that programmable logic controllers have been the primary technology used in automated control for the last half a century. 

2.2 Functional Design Specification

To ensure a control system projects success, it is important to first define and understand what is required of the system and what the user requires. A Functional Design Specification (FDS) is a document that establishes what any given control systems purpose is, what functions and features are required and provides a comprehensive list of objectives for the designer to work towards. 
The FDS should be agreed upon by both the engineer and the end user to ensure that the correct foundations are set in order to properly design the hardware and software used in the control system . There are two key stages covered in an FDS which can be broken down into define and design phases; with the define phase having the following stages:
Project definition
User requirements
System requirements
Project definition can be described as the stakeholders requirements which are used to identify project specifications, an important step in ensuring the success of a project . User requirements are an end users prerequisites for any given control system; making these absolutely essential for the systems success . Below in Figure 4 shows a simple flow diagram of how from gathering information, a requirements specification can be achieved:

Figure 4, User requirements flow diagram 

System requirements can be defined as necessary features that need to be included in a control system prior to the design of said control system. System requirements analysis is a structured approach to identifying these features so that the user requirements are met and a relevant, functional control system is introduced . Some questions that could be asked in the define phase of an FDS could be:
What needs to be achieved by this control system?
Which variables need to be controlled?
What level of performance is required?

The first question above would be answered by the end user, who would explain what they needed the control system to do; for example optimising production time, increasing the yield or decreasing downtime. The latter two questions would provide answers to the system requirements with the variables that need to be controlled, for example, does the control system need to monitor and control temperature, pressure or humidity. The level of performance refers to whether the control system is setup in favour of accuracy, speed or somewhere in the middle of those two characteristics.
Figure 5 shows the contents page of a real life functional design specification for a PLC controlled system in an engineering company. The FDS does not have a section for user or system requirements and has instead opted to solely write about the design phase. The lack of user or system requirements could lead to a system that is not applicable to the manufacturing process it is being installed into, thus opening the control system up to errors or potentially rendering the entire project redundant:

Figure 5, PLC FDS Contents Page 
The design phase is the part of the specification that gives an overview of the systems hardware and configurations, stating the justification, intent and purpose of each whilst also providing alternatives and other solutions where applicable . A good FDS design for a programmable logic controller should cover:
Justification of hardware selection
Control logic
Software design and capabilities
Commissioning and testing procedures
SCADA systems
System architecture
I/O mapping
Communication protocols
Any and all design constraints including regulations


Choosing the correct hardware and electronic devices is significant to the overall effectiveness of the PLC, so it is essential that one takes heed of which devices are compatible with each other. For example, if one wanted to use an analogue sensor to monitor temperature or pressure that has a direct effect on a digital component like an electrical solenoid valve then you must consider both analogue and digital I/O cards within your PLC .
When considering control logic, one must conform to the IEC 61131 standard of control system programming which states that only certain programming languages can be used to program any given control system . It is important that once you have chosen your preferred logic language that you display any and all programming tags with a description next to it to explain to the reader what each part of the PLCs I/O does; an example of this is shown in Figure 6 below: 
Figure 6, Table of PLC logic tags 
When considering the code for a PLC design, it is essential to include fail-safe commands, which means that if there was a failure of a hardware component, the PLC program would shift the entire control system into a state that would expel the risk to human life and to make safe the rest of the equipment . It is best practice to include this in an FDS is crucial to ensure that this safety feature is not left out of the overall PLC design.
Outlining a testing procedure is also a crucial part of an FDS, especially when it comes to PLCs and SPLCs (safety programmable logic controller) as this logic is what drives the entire control system. in recent decades, the simulation of PLC programs has surfaced with the intention of verifying these programs before they are introduced to any real-life hardware or plant. When testing a PLC program it is pertinent to choose the correct method, for example using traditional methods of testing could prove costly and more time consuming because a physical PLC system is connected to physical hardware which could cause component failure . Instead, the following three commissioning approaches could be used:

Hardware-in-the-loop (HIL); physical PLC and simulated plant
Reality-in-the-loop (RIL); simulated PLC and physical plant
Software-in-the-loop (SIL); simulated PLC and plant

In order for stakeholders and members of the engineering team working on the control system to have a clear idea what the control system will look like, one must note the system architecture. In the case of a PLC, that architecture involves the build-up of the PLC itself including power supplies, central processing units (CPU) and I/O cards . 
An example of noting the PLC hardware is shown in Figure 7 below, which displays a table taken from the same FDS as above. The table shows a list of components with a description and which position on the PLC rack they will be installed into:
Figure 7, Hardware Components Table 
A critical part of the system architecture is the SCADA/HMI element, which is the human involvement in the system. SCADA (supervisory control and data acquisition) is a system used for the supervision of whatever hardware or machinery connected to the PLC. SCADA is a software package that, through a HMI (human machine interface), is how the end user would monitor or issue commands to the PLC and overall control system .
One of the common issues when designing a PLC is that hardware components are subject to change due to the complexity of some PLC systems; as previously mentioned it is important to consider which components will function together so what started as a system needing three input cards as above, could increase or decrease depending on program simulation or any other factors.
The need to connect sensors to actuators or any other pieces of hardware within a system is ever present in control engineering, making communication devices and their protocols a vital aspect when considering the design of a PLC. Choosing the correct communications method can be complicated, for example Ethernet connections are ubiquitous in control engineering for transferring large amounts of data. 
It is well known that if this type of connection encounters any sort of delay, the data transmitter tries to send the data again from the start which in turn creates a non-deterministic data transfer delay .
As previously stated, the IEC 61131 standard of programming languages for PLCs is something that all control engineers must conform to and as such, must appear in the FDS in the initial stages of design. It is best practice to consider all regulations and standards when designing any system, so it is pertinent that a control engineer considers what the PLC will be controlling. 
For example, if the PLC is connected to and controlling anything that would pose a hazard if a component went wrong, the system would need to conform to the IEC 61508 standard of functional safety of electrical/electronic/programmable electronic safety-related systems .
If the PLC has any safety related commands or functions, the FDS must include how the risks are mitigated and must show how the program code is written to reduce the safety integrity level (SIL). The SIL is an essential design consideration which states the amount of risk reduction that the safety hardware must achieve for any given function . 


 







3.0 Conclusion

This report has investigated the significant role that programmable logic controllers have played in the last five decades of control system engineering. Since their invention, PLCs have turned complex control systems made of electromechanical relays into a simplified version capable of being modified extremely quickly and capable of carrying out a larger number of commands. Their robustness and capabilities to withstand harsh production environments made them ubiquitous in industries like automotive and the energy industry . The evolution of the PLC highlights the current global demand for smaller, faster manufacturing systems which are robust and reliable. 
As previously mentioned, functional design specifications are an integral part of designing a PLC or indeed any control system. This report detailed that an FDS can be broken down into two section, the define phase and the design phase. The define phase of an FDS is the opportunity for the control engineer to document the end users requirements, alongside what the system needs to be able to achieve whether that is a reduction in manufacturing time or an increase in completed parts. The design phase of an FDS is also where the initial design of the PLC would be displayed, with the system architecture and logic program documented showing key information such as hardware selection and fail-safe commands.
Real-world examples were used from an engineering company, where it was pointed out that the user requirements were not documented which could undoubtedly lead to a PLC system that does not suit the end users needs and therefore could be redundant. The examples also showed good practices such as naming conventions for the PLC program and hardware component selections.
In summary, the addition of PLCs with well written FDSs has proven fundamental in the evolution of control system technology. As this sector continues to evolve into the next industrial revolution, the role of the programmable logic controller and the detailed specifications that accompany them will only become more substantial and will drive innovation for decades to come.
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