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Introduction  

Manufacturing automation dramatically changed the nature of production. Automation, via the incorporation of technology into production processes, has resulted in a new era of productivity, efficiency, and unmatched flexibility. This report investigates this transforming industry, exploring its definition, historical development, and multitude of advantages and disadvantages. The three main categories of manufacturing automation are programmable, flexible, and fixed, with each reflecting different approaches to industrial innovation.
Following the development of manufacturing automation from its early phases after World War II to its widespread use as an industrial technique by the 1970s. This report sheds light on significant turning points and technological developments that accelerated the development of automation and shaped its course into the contemporary era.
After providing this historical context, the report conducts an analysis of the distinctive features that are present in every kind of manufacturing automation. Every automation approach has distinct characteristics that define its application and operational framework, ranging from the inflexible mechanisation of fixed automation to the flexible adaptability of adaptive automation.
The research analyses the benefits and drawbacks linked with production automation. Although increased output rates and efficient procedures are its main benefits, rigidity and high initial costs are also inherent drawbacks that must be taken into consideration. The use of flexible automation in the production of flat-packed furniture, an industry known for its flexible product lines and customised solutions is also discussed within the report. It provides an examination of how flexible automation becomes the ideal answer, perfectly fitting the needs of this specialised market.






Fixed Automation
History of Fixed Automation and Industries Used In:

One of the demands of the post-World War II industrial reconstruction was fixed automation. Following the world war, countries aimed to strengthen their economies by accelerating industrialisation and mass production. The introduction of fixed automation, which is defined by specialised machinery used to carry out repeated activities, signalled a fundamental change in manufacturing concepts (Kenney, 2021). By the 1970s, fixed automation had solidified its place as the backbone of manufacturing output, bringing with it a level of productivity and efficiency never seen before.
In the beginning, fixed automation required the installation of specialised equipment meant to perform manufacturing activities repeatedly. The objectives of this strategy were to improve output, lower labour costs, and streamline manufacturing procedures. In the past, fixed automation relied on mechanical and electromechanical systems to operate machinery and carry out specified tasks precisely and reliably (Groover, 2010, P. 889).
With the development of technology throughout time, fixed automation also changed, incorporating sensors, actuators, and electronic control systems. These developments improved the capabilities of stationary automation systems, enabling increased industrial operations precision, dependability, and efficiency.
Fixed automation was first implemented in automotive assembly lines. By automating processes like welding, painting, and assembly of engines and transmissions, fixed automation systems made it possible to produce automotives in large quantities (Beard, 2024). The assembly line, which Ford invented in the early 20th century, is a prime example of the productivity and efficiency increases made possible by fixed automation.
In the bottling and food packing industries, in particular, fixed automation has been crucial in facilitating operations. For instance, automated bottling lines transformed the beverage business by boosting productivity, guaranteeing product consistency and accuracy, and optimising the bottling and packaging procedures (Wizata.com, 2022).
As discussed by Parina (2023), fixed automation greatly helped the electronics sector, especially in the manufacture of consumer electronics and electrical components. Products including semiconductors, circuit boards, and consumer electronics were produced using robotic systems and automated assembly lines. High-speed, high-precision electronic component assembly was made possible by fixed automation, which increased productivity and decreased production costs (hypedmarketing, 2021).

Advantages and Disadvantages of Fixed Automation:

High production rates and constant quality are two of the many benefits that come with fixed automation. As discussed by Gupta and Arora (2007, p. 5), fixed automation reduces the inefficiencies associated with manual labour by mechanising repetitive operations, which greatly increases production. Moreover, fixed automation's standardisation guarantees consistency in product quality, enhancing customer satisfaction and brand reputation.
But the advantages of permanent automation are weighed against its inherent disadvantages, the most significant of which is its lack of flexibility. Rajput (2008, p. 397) and RobotsDoneRight.com (2024) argue that because fixed automation is inflexible, it cannot adapt to changes in production processes or product design, requiring significant retooling and reconfiguration to adjust. Furthermore, many industries, especially small and medium-sized businesses, have a significant barrier to entry due to the large initial expenditure needed to deploy fixed automation.

Control Systems and Process Variables:

Deterministic in nature, control systems in fixed automation rely on basic electronic control circuits or hardwired logic controllers and as stated by Thoma (2023), “fixed automation is a system using servos, standalone servers, linear or rotary actuators, separate sensors, and programmable logic controllers (PLCs) all integrated into one system”. These systems are designed to carry out predetermined duties repeatably and precisely, guaranteeing peak performance inside a set operating framework. There is very little leeway for adjustment or deviation from the carefully calibrated and optimised process variables for certain activities within the manufacturing process. 
To coordinate the synchronised movement of machinery and equipment along the production line, hardwired logic controllers set the order of operations. Process parameters including pressure, temperature, and speed are closely watched over and managed to maintain the uniformity and quality of the final product. The main goals of control systems in fixed automation are to maximise efficiency, minimise variability, and streamline processes.
See In Figure 1 an image of a plant diagram by Siemens for a power plant plans to achieve sustainable economic operations. The image includes process control units such as drivers, instrumentation, motors, transformers, switchgears:









In a plant such as the one shown above, there will be a pipeline installed and flow rate will need to be controlled. A block diagram of a flow rate control is shown below in Figure 2, there is a flow sensor plate, transmitter, controller, and a control valve. These components play a pivotal part to control the flow rate of whatever gas or liquid is in the system and are controlled by automation.







Programmable Automation
History of Programmable Automation and Industries Used In

With the emergence of Computer Numerical Control (CNC) technology, programmable automation emerged in the 1970s, a major turning point in the development of manufacturing technology. This ground-breaking innovation gave manufacturers the capacity to employ computerised control systems to automated processes, increasing the flexibility and adaptability of production processes (eaminc.com, 2020). Automation became more accessible with the introduction of CNC technology, which allowed businesses to customise production procedures to satisfy a range of needs and adapt to changing market conditions.
Anderson (1973) discusses that industries that produce a wide range of products in moderate quantities are ideal for implementing programmable automation. Industries like electronics and aircraft benefitted greatly from programmable automation's inherent flexibility. For example, CNC technology in the aerospace sector made it easier to precisely machine complex parts, which helped build high-performing aircraft and spacecraft (PLCtable, 2024). Also, the electronics industry used programmable automation to optimise production throughput while maintaining strict quality requirements by streamlining the assembling of circuit boards and electrical equipment.

Advantages and Disadvantages Programmable Automation

There are many benefits to programmable automation, but increased productivity and quality assurance are two of the main ones. Manufacturers can improve overall efficiency and product consistency by using computerised control systems to attain higher levels of precision and repetition in manufacturing operations. In addition, programmable automation provides unmatched flexibility, allowing manufacturing lines to be quickly reconfigured to adapt to modifications in design iterations or product specifications (Cogner.com, 2024). Kamrany (1973) mentions that,
 “These machines are expected to have the capability of utilizing different factor inputs and/or readily operating upon different factor outputs with minimal delay time and program reconfiguration”.
Nevertheless, there are several drawbacks to programmable automation, most notably long setup, and programming times. Because of the intricacy of programming PLCs and CNC machines, competent specialists who can handle complicated software interfaces and algorithms are required. Furthermore, programmable automation systems can be expensive to acquire and implement initially, which may prevent some businesses from entering the market (HillsElectricalGroup.com, 2022).
Control Systems and Process Variables of Programmable Automation

Advanced computer-based control systems, such Computer Numerical Control (CNC) machines and Programmable Logic Controllers (PLCs), are essential to programmable automation. Automation systems rely on PLCs as its central nervous system, directing the flow of numerous components through the production environment and coordinating their interactions (Hansen, 2015, p. 8). PLCs can perform jobs with accuracy, responsiveness, and flexibility because of their programmable logic, which makes it easier for them to be integrated into a variety of manufacturing processes.
Shown in Figure 3, a PLC block diagram which provides a schematic of the critical components required to allow the PLC to work efficiently. PLC’s work just as a computer does and is composed of 6 major components:






On the other hand, CNC machines are essential to the machining and manufacturing of components because they use computerised numerical control to carry out exact motions and operations. CNC machines convert design specifications into physical goods by entering digital instructions, which guarantees accuracy and uniformity in production processes (Kandray, 2010 pp. 76-85).
In programmable automation, process variables are fine-tuned by programming; for example, pressure, temperature, and speed are calibrated to match production needs. Automation systems' programmable nature gives manufacturers control over process variables, allowing for optimisation and fine-tuning to get desired results (Shoplogix.com, 2024).
Programmable automation, in its whole, is essentially a model change in manufacturing technology that gives companies previously unheard-of levels of control, precision, and flexibility. Manufacturers may move quickly and effectively through the complexity of contemporary production settings by utilising the power of computerised control systems.





















Flexible Automation
History of Flexible Automation and Industries Used In

The development of flexible automation can be seen as a coordinated reaction to the need for increased flexibility in manufacturing processes, especially considering the changing market conditions of the late 20th century. Traditional production models based on fixed or programmed automation were unable to fulfil the demands of quickly evolving markets as consumer tastes became more varied and unpredictable. As a result, the idea of flexible automation evolved, utilising developments in robotics, artificial intelligence, and control systems to give manufacturing processes flexibility and adaptability. Flexible automation has developed further in the late 20th and early 21st centuries, driven by advancements in industrial robots, and machine learning.
Dynamic product lines and custom-made designs are hallmarks of a variety of industries where flexible automation is crucial. This flexibility in manufacturing operations is needed in industries like consumer electronics and pharmaceuticals, where product lifecycles are frequently short and market needs are volatile. 
Löfving et al (2018) and NovusHiTech.com (2024) discusses that flexible automation makes it possible to smoothly transition between production runs and accommodate a variety of product configurations with minimal downtime in the consumer electronics industry, where new product iterations are constantly presented to the market. 
Similarly, flexible automation makes it easier to quickly reconfigure production lines to satisfy changing demands in the pharmaceutical manufacturing industry, where strict regulatory standards are required and the demand of customised production procedures (Latzel, 2023).

Advantages and Disadvantages

Flexible automation reduces downtime and improves operational efficiency by enabling manufacturers to quickly rearrange production processes to suit changes in product requirements. This is made possible by the modular design and programmable control systems of the equipment. Also, flexible automation's adaptability makes it easier to integrate new technologies and production techniques seamlessly, guaranteeing scalability and future proofing of manufacturing operations.
The advantages of flexible automation must be weighed against its disadvantages, most notably the need for intricate programming and ongoing maintenance. System design and programming skills as well as a high level of technical proficiency are required for the deployment of flexible automation systems (CPVmanufacturing.com, 2024). Maintaining flexible automation systems can be resource-intensive and necessitates continuous upgrades, troubleshooting, and calibration to guarantee peak reliability and performance.

Control Systems and Process Variables

Flexible automation uses robotics and sophisticated control systems to coordinate intricate production operations precisely and effectively. Portilla and de Queiroz and Cury (2014) mentions that Supervisory Control and Data Acquisition (SCADA) systems are essential to this as they are the hub of adaptable automation environments. SCADA systems facilitate data-driven decision making and adaptive optimisation by enabling real time monitoring and control of production processes. Manufacturers can ensure smooth coordination and synchronisation of activities by integrating diverse components and subsystems inside the production ecosystem with SCADA systems (Iconsys.co.uk, 2024).
Flexible automation uses modern robotics technology, like articulated robots and collaborative robots (cobots), in addition to SCADA systems, to perform jobs with dexterity and agility (wiredworkers.io, 2024). By using machine learning algorithms and sensory feedback, these robotic systems can adapt to changing production demands and environmental conditions, increasing their flexibility and efficiency.
In flexible automation, process variables are continuously tracked and changed in real time to maximise output and quality. Manufacturers can accomplish desired results and maintain ideal process conditions like temperature, pressure, and flow rates through the integration of sensors, actuators, and feedback systems (Wiese, 2022). Flexible automation systems are resilient and agile in the face of uncertainty because they can adapt and evolve in response to shifting production demands thanks to the ongoing monitoring and modification of process variables.

Flexible Automation – Flat-packed Furniture Manufacturing
Flat-pack Furniture Manufacturing

The flat-packed furniture market has become a large and quickly changing industry with a focus on cost-effectiveness, product customisation, and variety. Furniture that comes flat-packed, sometimes referred to as ready to assemble furniture, is made up of modular parts that customers can quickly put together. It offers cost and convenience without sacrificing design or ease of use. This industry offers a vast range of products, such as tables, chairs, shelves, and cabinets, and caters to a diverse array of consumer needs, from simple designs to intricate arrangements (Pepke, 1988). To stay competitive in an ever-increasing market, businesses in this sector must be able to quickly adjust to shifting design trends, fulfil custom requests, and maximise production efficiency.
Because flexible automation naturally adapts to the specific needs of the flat-packed furniture business, it is the most ideal manufacturing solution. In contrast to fixed or programmable automation, which could find it difficult to meet the demands for customisation and variability present in the manufacturing of flat-packed furniture (Cosway et al, 2001 p. 126-128). Manufacturers can quickly adapt to changes in consumer needs, quickly reconfigure production lines to fulfil special requests, and easily move between various product configurations.

The Benefits of Flexible Automation in Flat-Pack Furniture Manufacturing

There are many advantages to using flexible automation in the production of flat-packed furniture, but the main ones are higher productivity, decreased downtime, and improved competitiveness. Manufacturers can maximise resource utilisation by streamlining operations, minimising idle time between production runs, and optimising production throughput. The capacity to promptly adjust to evolving market patterns and customer demands amplifies the industry's reactivity and flexibility, pushing manufacturers to adapt to new product designs and sustain a competitive advantage. Also, manufacturers may provide customers with a greater variety of customisation possibilities which can increase customer satisfaction and loyalty to the manufacturer and brand.


Conclusion 

In conclusion, fixed automation, programmable automation, and flexible automation have all advanced in the manufacturing industry, each meeting unique needs and specifications. The post-World War II era introduced fixed automation, which transformed production by using specialised machinery to increase output and efficiency. But its rigidity made it less able to adjust to shifting production needs.
With the development of Computer Numerical Control (CNC) technology in the 1970s, programmable automation offered more flexibility and adaptability, enabling customised production processes to satisfy a range of market demands. While programmable automation systems provided increased accuracy and quality control, they also came with a high initial cost and required specialised programming.
Flexible automation, which makes use of developments in robotics, artificial intelligence, and control systems, allows for smooth transitions between production runs and supports a variety of product configurations. This is especially important for industries like consumer electronics and pharmaceuticals, where market demands are constantly changing.
Flexible automation is the best option when it comes to manufacturing flat-packed furniture because of its modular design and unmatched versatility. Manufacturers can quickly adapt to evolving design trends, meet special demands, and maximise manufacturing efficiency. Overall, flexible automation is the ideal production technology available, giving manufacturers the flexibility they need to evolve in the quickly changing industries.
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