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Abstract

[bookmark: _Int_fOncioCb]Over the last decade Industry 4.0 has expanded rapidly throughout the manufacturing industry and has adapted to fit and enhance many real-world applications and assembly lines. Industry 4.0 has changed the way we design and has enhanced our ability to create more intricate, sophisticated models, while saving on prototyping time materials and costs. It has changed the way that we design our factories and how products are manufactured from the first stages of design creation through to the whole products lifecycle. The addition of generative design software has enabled designers to make their products stronger with less material being used and construction times shortened aiding in greater profitability for businesses. The practicalities of industry 4.0 can be found in many different fields across many sectors. In this Essay I will look to describe the concepts of Industry 4.0 and cover some of the implementations and terminologies it incorporates, how industry 4.0 is helping to shape the design and manufacturing world and its environmental, societal, and sustainable impact.


Introduction

[bookmark: _Int_76Bjw4EZ][bookmark: _Int_vXeEdsyz][bookmark: _Int_BZ5rMwmo]In a highly competitive market businesses need to achieve short production lifecycles with the ability to offer customisable, individual, and one-off products to fit in with customers' demands in order to stay competitive in their market. With design for Industry 4.0 meaning Intelligent products require innovative design principles and the businesses product development journey must be adapted fundamentally with integration of design for industry 4.0 being employed throughout the initial stages of product development. 

[bookmark: _Int_1BYGBLF5][bookmark: _Int_BTqyqFlQ]Industry 4.0 has given the manufacturing world a significant transformation regarding the way businesses produces products and how their reporting systems work, thanks to the digitisation of manufacturing through the use of sensors and industry 4.0 technologies. Industry 4.0 represents the fourth industrial revolution that has occurred in manufacturing. (Marr, 2019). Industry 4.0 is revolutionizing the way in which companies are manufacturing, designing, and distributing their products. Businesses are now able to integrate innovative technologies such as the Internet of Things (IoT), analytics, cloud computing, big data, machine learning and Artificial intelligence (AI) into their manufacturing facilities and throughout their production lifecycle (www.ibm.com, 2020.).

Product designers are now able to use several software packages to assist in the prototyping, design and manufacturing stages of production to create smarter designs that utilise less materials and have a stronger design through the use of generative design algorithms the models that have been created by the designer can be optimised through cloud computing software and several design outcomes produced that fit within strict parameters while using less material and optimising manufacturing time. This software combined with additive manufacturing systems businesses are able to rapidly prototype and manufacture through to production very quickly at low cost.  


Combined with these smart generative design systems manufacturers are utilising digitised assembly lines called smart factories that can come fully equipped with a multitude of smart sensors combined with intelligent software packages and robotics that are able to gather data and analyse it to allow for optimal efficiency and better use of materials. This data can then be used to create value throughout the supply chain and through to after-sales and customer base, as it can be used to combine different data sources together such as operational, supply chain data and the final customer service data to create a full picture of the products they manufacture to gain a better understanding of their offerings and sales data to better target customers requirements and larger demographics.

Advancements in industry 4.0 and the design understanding and creation of smart factories has given manufacturers the opportunity to better target groups of customers and provide a more precisely manufactured and optimised product offering. Analysing the vast amounts of data gathered from all the available smart sensors on the factory floor ensures real-time visibility of those manufacturing assets and can provide tools for performing predictive maintenance in order to minimize equipment downtime (Yang and Gu, 2021).


Design for X 

Design for X or DFX consists of many different components that make up the whole of the Design for X infostructure which incorporates an entire product lifecycle from development of that product through to its recycling, DFX consists of Design for Manufacturing Design for Assembly, Design for Serviceability, Design for Quality and Design for Environment. All of the DFX components address a particular section of the requirements needed for the creation design and manufacturing of a new product. The DFX, Design for Manufacturing and Assembly or DFMA approach is the concept of designing the parts for ease of manufacturing. Making it easier and less time consuming to assemble the product after manufacturing like having the parts orientated in the correct position for assembly or having them manufactured close together (Fractory, 2021).

[image: ]
Design for X principals (Fractory, 2021).


What is generative design?
Generative design is the latest adaption of CAD design software, CAD designers and engineers working in manufacturing industries are able to use generative design software and its artificial intelligence (AI) capabilities to develop new high-performance design iterations that help to overcome complex challenges and provide intricate solutions previously unimaginable. Generative design has the ability to reduce material being used, component weights and manufacturing costs, scale customization, and optimize performance. (Formlabs, 2020.)
Generative design is an automated AI driven design process. Design teams input their design ideas into the generative design software, along with any constraints, loads, forces and other parameters like spatial requirements, material type and any budgetary constraints. The software will then explore all of the possible outcomes of a viable solution, in a very short space of time, generally using a cloud computing platform. Then the software will produce several design types that fit within the set parameters. It tests and learns from each iteration what works and what doesn’t in order to create the finished design selections (Autodesk.com, 2018).







Another aspect of industry 4.0 technologies is the internet of things (IoT) whereas these smart factories and sensors are connected to each other via a network and are given the ability to communicate with each other and report data back to the end user. The latest advancements in IoT technologies within a smart factory application will ensure a higher productivity level can be achieved, combined with an improved quality of products. Using IoT technologies will remove the need for costly manual inspection methods using a system such as an AI-powered visual insights package whereas that data is constantly being analysed it will then also reduce any manufacturing errors and will save the company valuable manufacturing time and money. A smart device can be set up and connected to the cloud in order to be able to monitor all manufacturing processes remotely and by combining this ability to remotely monitor with machine learning algorithms, manufacturers can detect errors immediately and adjust accordingly saving the company from losing money in materials, time and manufacturing costs (Berawi, 2019).


Industry 4.0 technologies can be applied across all types of industries and manufacturing processes utilising industry 4.0 technologies to shorten the development process and incorporating the use of innovative sensors combined with smart and efficient AI algorithms and big data will aid in businesses achieving the goal of manufacturing to ultra-customisation levels and removing the traditional process of one for all manufacturing and move to what is known as batch size one manufacturing. Whereas production lines are integrated with maximum flexibility and customer personalisation. This approach will also promote sustainability and resource efficiency by reducing manufacturing times, energy usage in production and material costs through to wastage and unused stock, the environmental implications of achieving this manufacturing model along with savings for the company makes the adoption of industry 4.0 technologies essential for future developmental success and growth. 
The main goal of Industry 4.0 technology in manufacturing is to enable businesses to achieve mass customisation of manufactured products through an autonomous and flexible manufacturing system with the ability for manufactures to be able to monitor parts, machines, systems and products and give those machines and process the ability to communicate with each other using IoT production systems and optimization processes in a smart factory application to apply human–machine interaction (HMI) paradigms in order to be able to provide new types of services and add to that business value chain. 


Industry 4.0 concepts
The nine pillars of Industry 4.0 are cyber-physical systems, Internet of Things, Big data, Additive manufacturing, robotics, simulation, augmented reality, cloud computing and cyber security.
These pillars are advancing the way in which the manufacturing industry operates and is helping businesses grow to ensure a successful future by reducing manufacturing costs, labour costs, material costs and reducing wastage, all aiding toward a better environmental impact and reducing their carbon footprint. Design for industry 4.0 is the basis for all of these nine pillars.








Cyber-physical systems
Cyber-physical systems in Industry 4.0 is the ability to make machines and manufacturing systems smarter by linking them to a computer to process data and report statistics. 
This enables businesses to have real time visualisation of production so adjustments can be made instantly to save on manufacturing costs and avoid costly errors 


[image: ]

Cyber Physical System (Morella et al., 2021)




Cyber-physical systems are currently being used across many industry sectors, such as manufacturing, aerospace, automotive, transportation, energy and healthcare. Since the initial stages of industries adoption of Industry 4.0 technologies, many sectors have started investing and developing in their cyber-physical systems and environments. Making those cyber-physical systems software and hardware increasingly advanced and becoming even more interconnected to suit each business needs.



[image: ]

(Editor Design World, 2015)


Internet of Things
The Internet of Things or IoT is made up of different devices that are equipped with a multitude of sensors, actuators, and digital devices with complex software packages enabling communications. All the devices are then connected to an internal network. These devices include all major and minor industrial machinery these networks are often called the Industrial Internet of Things. Although the devices connectivity is not unique to Industry 4.0, the integration of IoT allows all that data to be collected, processed and analysed on a large scale to promote manufacturing efficiency.


Big data
Industry 4.0 technologies gathers vast amounts of data from a several channels, such as sensor readings, log files, video/audio, network traffic and transactions. Industries have been analysing their big data and gaining valuable insight from it. Enabling business to manufacture and market their products correctly in order to get ahead of their competitors. Advanced algorithms can be used to understand and detect market trends along with customer preferences, so businesses have a higher conversion rate in sales. 

[image: ]

Big Data 8 V’s

Cloud and information technology
Cloud also called cloud computing plays a large part in industry 4.0 technologies and its adoption into manufacturing. Cloud computing is the service provided by a vast number of remote servers, that have been made available for its users to interact with and store/ pull data from any time and from any location. Cloud servers offer a high-performance and low-cost offer structuring for businesses to use for information storage, and more recently a way to rapidly share data and recourses.
With more businesses utilising cloud computing as a way of data storage, the possibility of cloud manufacturing has emerged that could offer businesses a more moulder manufacturing approach. Design from cloud manufacturing could enable a large amount of people to collaborate when designing new products and would even offer the possibility of the customer becoming involved in the design process form the start not only this but businesses could also start offering a software as a service platform helping with customer relationship management, data analytics, collaboration opportunities and business planning assistance.
[image: ]
Cloud Computing Manufacturing platform

Co-bots and Robotics
In manufacturing there are many ways that industry 4.0 robotics technologies are being used from laboratory equipment thorough to full manufacturing and assembly lines a common type of robotics being used is in the form of collaborative robots or Co-Bots whereas the robot is paired with an employee to aid them in better achieving their job, meeting deadlines and easing the workload of that employee with Co-bots being capable of working alongside humans. They give humans the ability to collaborate faster and more efficiently in a safe environment. Unlike standard work alone robots that operate within a 4-D type environment that need to be kept separation from humans to operate safely, co-bots are designed to operate in conjunction humans (www.onlinerobotics.com, 2021.).
[image: ]
Co-Bots in manufacturing

3D printing/ additive manufacturing 
3D printing, also known as additive manufacturing within Industry terminology, enables manufacturers to build of complex and intricate geometries and structures using a variety of materials such as metals and polymers. Additive manufacturing is seen as the optimal way of reducing manufacturing costs with the ability to offer flexible and rapid production and prototyping with an initial small batch quantity with minimal associated costs. With the addition of generative design software that can also be used to reduce component weight and minimise waste and is currently being utilised in this way throughout the automotive and aerospace industries.
Additive manufacturing is the way that businesses are getting closer to or may help them achieve a decentralised manufacturing approach as it has the ability to make production time much faster and more cost efficient and offers a transportable and much smaller manufacturing footprint than previous technology has been able to achieve. With the digitisation of manufacturing and design the demand to reduce production life cycles and a faster turnaround of product prototyping through to production additive manufacturing offers the solution combined with new ways of producing these prints such as a fused deposition method, selective laser melting and selective laser sintering additive manufacturing times and the level of finishing once printed is much finer this is a truly vital adoption for manufactures to ensure success. (Haleem and Javaid, 2019).

[image: ]
Additive manufacturing

Simulation software
Simulation software technologies help businesses develop and plan using accurate In-depth models to perform and optimize decision making in complex situations and it can also be used to aid in the design of smart production systems. Businesses are able to use simulation software to evaluate the costs and risks associated with any scenario or any implementation barriers they may come across when implementing new machinery or procedures (de Paula Ferreira, Armellini and De Santa-Eulalia, 2020)


Portable smart devices
Industries are utilising more smart devices such as smart phones, laptops and other smart electronic devices. The adoption of these smart portable devices promotes remote working and a more agile business model. The adoption of augmented reality systems into industry has also been developed and made practical in many fields. Augmented reality has given businesses the ability to safely train employees in a virtual environment, it also offers the ability for remote learning and simulation. A big use for Augmented reality within industry is the ability to overlay real world environments with digital content an example of this would be a machine overlade with instructions of how to use it or a repair guide and fault-finding simulation.










challenges
There are several challenges to consider with the adoption and future use of industry 4.0 and its design technologies such as a lack of autonomy in many current manufacturing systems and a need for a total re-design, could limit industries moving over to a smart manufacturing and design solution. The associated costs that it would require making that migration and adoption may also halter adoption. The infostructure would also need some updating as there are still many parts of the world without a suitable internet connection to be able to facilitate a smart factory and collaborative design adoption. The initial outlay of costs associated with smart manufacturing and design capabilities such as a computer aided design (CAD) suite and additive manufacturing system is a big commitment for some businesses, and they would need support from government to successfully implement these changes as while these new changes are taking place an initial loss of core business functions may take place and the business may be disrupted.


Conclusion  
[bookmark: _GoBack]The adoption of industry 4.0 technology and smart systems to create, design and manufacture products will ensure manufacturers maximise their profitability and optimise their use of materials Manufacturers adopting the Design for X approach will be able to achieve much shorter product development lifecycles and be able to meet the requirement for consumer personalisation of products and the ability for a faster development cycle utilising smart software, Design for Industry 4.0 and the expansion of existing design guidelines to better suit that need is essential for manufacturers and designers to adopt and implement throughout the implementation design and creation process. Correct implementation of industry 4.0 technologies into the manufacturing and design process from early adoption will see less waste in materials and design time through the use of generative design algorithms, with faster more efficient build and manufacturing times following the Design for x principals and implementation of smart factory systems for reporting and fault finding, through to customer feedback and after sales reports through the use of cloud computing, big data and simulation software manufacturers will be able to better design and build products for future lines and getting closer to that desired goal of a batch size of one.
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