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Introduction  
This report is set out to investigate the history and development of manufacturing automation. Including how it has developed post World War II, the key landmarks in its evolution and the effects it has had on the world.
The report will focus on the three key areas manufacturing automation, fixed automation, programmable automation, and flexible automation. It will investigate how each type differs and how they all have benefits and downfalls depending on their application. 
This report will also contain research and make suggestions as to why flexible automation may be the most suitable to deploy within a flat packed furniture manufacturing facility. Providing the pros and cons of its use and a comparison to other methods of automation.
[bookmark: _Toc131599897]Main Findings
Automated industrial machinery and controls systems have been around since the late 1700s with Oliver Evans’s automated flour mill, which used mechanical control methods. However, it was not until the 1900s with the use of electricity that industrial automation started to take off and it is claimed that manufacturing facilities increased output by up to 30% by using faster, more accurate and more reliable electrical equipment including motors and relay logic controllers. (Bong)
During and post-World War II when countries were re-building their economies came a drive in industrial manufacturing. With demands for products increasing and decrease product costs automation of processes was needed. The development of logic control systems, starting with electro-mechanical relay logic and then being replaced with the first programable logic controllers (PLCs) in 1968. (Boisset) 
[bookmark: _Toc131599898]Programable Logic Controllers (PLC’s)
PLC development was initially for the automotive industry and by utilising microprocessors quickly became the go to method for industrial automation control, they are robust by design, replaced large banks of relays, therefore freeing up space and can be simple to program with the use of ladder logic in comparison with code. The main advantage over the relays they replaced is that they are programmable, time and money is saved when changes to a production line or system are needed as the changes can often be made offline and then downloaded at a convenient time, limiting disruption. 
PLCs are robust as they electrically isolate the central processing unit and memory from the input and output cards, preventing damage from over current or voltage. Input and output cards are often modular units so if damaged they can be quickly replaced. Other characteristics that make them suitable is that they are designed to operate in areas with considerable amounts of dirt and debris, electrical noise, and vibrations, whereas conventional microprocessor-based controllers such as personal computers are not. (Processing Solutions Inc)
[image: SU LMS]
Figure 1- Diagram showing the basic construction of PLCs- (University of Sargodha, 2023)
[bookmark: _Toc131599899]Proportional, Integral and Derivative (PID) Controllers
Manufacturing is not the only driving force within the development history of automated control, proportional, integral, and derivative (PID) controllers came from the development of automatic ship steering in 1911 (Alpi). PID controllers allow fine and real time adjustment of continuous processes such as fluid or gas flow or oven temperature control. PID controllers are to be used in a closed loop system with error feedback from sensors are the systems output, allowing it to react to real time errors or inputs to return a system to its set point (proportional control), long term or cumulative errors by offsetting the systems output to achieve as close to a zero-error state as possible (integral control) as well as variably controlling an output the closer it gets to the set point to reduce overshoot and oscillation (derivative), this is shown in the block diagram below (Figure 2) (Bennet) (Omega).
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Figure 2- PID Controller Block Diagram- (Bansai, 2018)
[bookmark: _Toc131599900]Processors, Industrial Computers, Mainframes and Networks
With the introduction of mini and then micro processor control devices like the industrial computer, mainframe computers and more modern PLC came the need for them to communicate with each other to give greater process control, monitoring and as technology progressed into the fourth industrial revolution between 2011 and the present day, it has now become almost necessary for control devices to be connected to some form of network for data collection, production performance monitoring and machine condition monitoring.
Industrial computers and mainframes first appeared in 1984 in the form of the IBM 7531 (IBM Archives, 1985) used for data collection and processing within factories and industrial environments. Industrial computers and mainframes quickly advanced in their processing abilities, memory as well as rapidly shrinking in size. 
The use of industrial computers has changed little since they were introduced. However, they are now used to control whole processes including multiple process controllers like PC’s or PLCs  (CKS Global Solutions LTD). Industrial computers and mainframes are commonplace within facilities and plants that continuously produce, such as power plants, petrochemical production facilities and where environment control is required. They are useful for such applications as they are powerful enough to simultaneously control, monitor and collect data from multiple smaller systems that may be distributed across a large site and networked back to a central computer or server. This allows large sites to have small numbers of or one control room where operators can monitor systems down to sensor and actuator level even if they are kilometres away. This type of control system is known as a distributed control system (DCS) (Control Station). 
Like DCS is supervisory control and data acquisition (SCADA). SCADA has been around and developed since the beginning of the 1970s and is common within manufacturing sites today for the same reasons as a DCS (Inductive Automation),
[image: Basic SCADA Architecture ]
Figure 3- Basic SCADA system schematic- (Inductive Automation, 2018)
The advantages of these systems are that they conduct multiple jobs simultaneously, collecting data, displaying real time and historical data, processing the data as well as automatically or manually allowing a person to make changes to operations, allowing decision making to be faster and more precise by both the system and operators, resulting in less downtime, increased safety and production capabilities. These systems when connected to the internet also allow for maintenance and modifications to be made remotely by engineers or contractors.
The disadvantages to a DCS are that if a main control system goes down and there is not a backup control of the remaining systems will become difficult as the smaller controllers like the PLCs become isolated and cannot be altered or monitored without physically getting to it. A system like this would also be susceptible to cyber-attack where someone or a software could shut down or gain control of the system remotely, meaning additional defensive systems and protocols are required for these systems, especially when considering the nature of some of the plants being power generation, nuclear and chemical processing (Control Station).
[image: Distributed Control Systems – Torque]
Figure 4- Direct control systems (DCS) and their components- (Torque Automation Systems, 2019)
The first interconnected industrial controllers where PLC’s and computers could communicate and transfer data were introduced in the late 1960s (Hybrid PLC Mechatronics, pp. 8,9). Since networking was introduced, it has developed into multiple different sub-categories, protocols or “control buses,” these usually come under transmission control protocol/ internet protocol (TCP/IP), ethernet or ProfNet, the industrial version. These govern how data is addressed, sent, and received between devices such as PLC’s, industrial computers, and other networked devices (Shacklett). The type of network protocol used in a system will depend on the equipment, the safety and security required as well as the transfer speeds of data needed (Anderson, 2021)[image: ]
Figure 5- Network BUS types and compared to their suitable uses- (Hybrid PLC Mechatronics)
[bookmark: _Toc131599901]Fixed Automation
Fixed automation is a term used to describe automation equipment that is designed to work with specific items or processes and could be used to describe the first automated machines during the 1700’s. Fixed automation systems are suited and tooled to work with specific products meaning they are not easily changed to produce comparable products. 
A disadvantage to these automation systems and equipment is that they are often expensive to develop and introduce, so are only used on high volume production runs, meaning the return-on-investment time is relatively low when compared to the life cycle of the equipment and not suitable for small production quantities (EAM). 
Industries that can use the advantages of a fixed automation systems are often those that produce the same product or process continuously sauch as the Petro-chemical industry where the same chemicals are produced continuously, conveyor transfer systems and automotive painting systems (Empowered Automation). 
[image: ]
Figure 6- Fixed automation conveyor system with Hermes sorting hub- (Lacconveyors)
Even though fixed automation equipment is not classified under ‘programmable automation’ this does not mean that the equipment does not use some form of electrical control systems that executes a program, it is just not easily reprogrammable. Modern “fixed” systems will use PLC’s, PID’s and even DCS to collect data and monitor performance.
[bookmark: _Toc131599902]Programmable Automation
Programmable automation as the name suggest is an automation system that can complete different operations depending on how it is programmed, or which program is selected to run. This is suited to operations that produce batches of product that are similar so the mechanical components remain the same or small amounts of tooling can be changed, and the program can be switched. Programs will often be selected using a HMI (human machine interface) on the equipment that is networked to the PLC. More advanced systems use a DCS and large control networks to control whole production lines and plants consisting of multiple machines meaning that from a central computer a configuration or program can be selected and applied to multiple devices at once. 
Programmable automation has only been around since the late 1960’s with the invention of the PLC for General Motors and has further been improved during the 1970s up to the fourth industrial revolution in 2011 on to present day where constant performance monitoring and data analysis through interconnected machines is the norm. this is possible using DCSs such as SCADA, HMIs, and networked PLCs.
[image: Human Machine Interface (HMI) at Rs 10000 | Human Machine Interface HMI in  Haridwar | ID: 10636500891]
Figure 7- Siemens HMI for Machine monitoring and control- (IndiaMart)
Programable automation is on par or slightly more expensive than fixed automation as the design process has more features to include like larger or multiple programs, tooling that works with multiple products or interchangeable tooling. This allows equipment to be used for different batches and variants of a product so that it can be used more often, reducing the return on investment (EAM). 
Programmable automation is used in small to medium batch manufacturing within multiple industries, one being electronics manufacturing, Raspberry Pi computers are manufactured using this method. Various models are produced on one production line in batches, lines can run one model and once an order is fulfilled another model can be produced within a few minutes by simply changing programmes using a HMI and some basic machine tooling. Programmable automation systems prove to be a real advantage in situations like these as they can save time and money through sharing production equipment.
[bookmark: _Toc131599903]Flexible Automation
As the world has changed so has consumer habits, products have become more customisable, so a requirement for ‘flexible’ automation systems that can provide these things to reduce costs and keep up with demand has arisen. This is where flexible automation has come from. Flexible automation has arisen from the evolution of programmable automation in the late 20th century in to the 21st century. It allows a production line to create several different product types in small to medium quantities (figure 9) (Stecke & Parker).
Flexible automation systems often use multiple machine stations and robots due to their flexibility in the tasks that they can undertake. Systems and equipment are controlled through an automated DCS so orders can come from a webserver or control room direct to the machinery and its individual control system.
[image: The flexible automated production line model ]
Figure 8-Typical flexible automation line set up and production flow. - (Jiang)
An example of flexible automation are automated CNC Milling, routing, and lathe machines. These can be loaded with programs to run ‘X’ number of products, the robot will unload completed parts and the load in new stock material, the machine can then run a different program to make various parts. In some instances, the robot can also change end effectors to allow it to load and unload different stock and tooling autonomously. More modern systems will have machine learning capabilities where the system scans of photographs a piece of stock or part to allow the robot to know how it is positioned and how to pick it (photoneo).
The advantages of a flexible automation system are that they allow manufactures of bespoke, customizable products of low order sizes to remain competitive as they can fulfil orders faster and can use the same equipment to produce a large variety of products which helps to keep operating costs down compared to other types of automation systems. Another advantage is that some of these systems like packaging robots and machine loaders can be purchased ‘off the shelf’ from companies like Universal Robots or Haas, greatly reducing the time, effort and cost involved with developing and programming a flexible system (Universal Robots) (Haas). [image: CNC machining center with automatic loading system]
Figure 9-Automated CNC milling machine loading and unloading- (Kurinov)
Disadvantages of flexible automation are in development as the price of this is high for tooling, machines, control systems and continual engineering support to evolve the hardware and software as products also evolve and change. Another disadvantage of these systems is if product demand increases the system may not be able to keep up like a fixed automation system would (EAM).
[image: Automation in Production Systems. - YouTube]
Figure 10- Types of automation and their cost effectiveness against production quantities- (Automation Production Systems)

[bookmark: _Toc131599904]The Use of Flexible Automation to Produce Flat Packed Furniture
The use of a flexible automation system to produce flat packed furniture would be suitable for several reasons. The first being the number of units being produced, this will often be within the capabilities of a flexible automation production line. 
A second reason is that is that the materials used such as chipboard and MDF, or the dust produced when cut or drilled can be carcinogenic and harmful to human health so the use of an automated systems to work with this and transfers the product from one place to another whilst extracting any harmful material is a large advantage (Okafor).
The nature of flat packed furniture is that it is made of multiple pieces of varying sizes that are cut, drilled, glued, laminated, cured, and packed, so a flexible production line is best suited to be able to produce all the furniture components as they consist of multiple stations linked with conveyors, see figure 8. This is how the Dutch company Nijpels Meubelen B.V. operate and produce flat packed furniture. Flexible automation also gives an advantage when updated versions of a product are being produced or a different type of furniture as the processes are often common between all types or can be skipped if something does not require holes for example. These benefits greatly reduce production costs compared to dedicated production lines for one size part or against human operators completing the task as the equipment will be more efficient and cost effective over time (Flat-pack furniture production facility tour).
[bookmark: _Toc131599905]Conclusion
In conclusion this report has set out and explained the history and development of automated control systems post World War II, giving examples of control devices, how and the industries in which they were developed. 
The report also explains the main three types of automated production systems used within all production industries, these being fixed, programmable and flexible. Providing details on how they used in industry, examples of how they operate, the types of control equipment they use as well as the individual advantages and disadvantages.
Finally, the report investigates whether a fixed automation system is the most appropriate method of producing flat packed furniture and concludes that it is advantageous due to its health and safety benefits, adjustability, and flexibility in producing multiple different components for several types of furniture. The report also provides a case study of the Dutch company, Nijpels Meubelen B.V. that already uses this style of manufacturing for flat packed furniture.
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