Design for Industry 4.0
Assignment 2 – Essay
Level 7 Smart Manufacturing with Industry 4.0
Module code: ACPA7001
Lecture: Mahesh Kannath






Design for Manufacture
Industry 4.0 and the future of design








14/06/2022
Student: Nathan Rees
Email: 2116975@student.uwtsd.ac.uk

 
Design for Manufacture
Industry 4.0 and the future of design
Contents

Introduction                                                                                                                  2
Product Design – Concept to final Design                                                               3
Initial Design phase – A.I                                                                                            4
Industrialization phase – Simulation, digital twins and shadows                           5
Manufacturing – additive manufacturing                                                               6
Manufacturing – A.I                                                                                                    7
Conclusion                                                                                                                    7
References                                                                                                                    8










Introduction

Before the birth of the industrial revolution, production was usually done with general tools and basic machinery within people’s homes or workshops and as such each item would have been produced slightly unique. Standardization of manufacturing procedures and mass production was not a part of everyday life until the growth of industrialization thanks to several innovations especially within the textile industry and later Henry Ford.
Since the start of the industrial revolution in the 1700’s mass production has played an increasingly important part in how manufactures run their business models. The creation and introduction of assembly lines and methodologies such as Lean has helped drive mass production with better quality, efficiency and driving down waste in their processes. In the past Producing products at mass as not only proven to drive profits up for business’s but also allowed for uniformity in their products.
Due to the growth of globalization and competition in the marketplace, to stay relevant and continue to grow organizations realize selling a mass-produced product limits its ability to stay relevant. Homage.com(2020) points out “ in our world today customization matters” During the last few years the demand for customization of products such as and including apparel, furniture and cars with different colors, labels and embroideries have proven problematic for manufactures that are predominantly set up for mass production and the consistency of product it provides.
 Industry 4.0 technologies can offer new, flexible and imaginative ways of designing and manufacturing which will allow the manufacturing industry to keep up to date with the change of demand.
Although Industry 4.0 can offer many benefits, for most manufacturers that plan on using them will require a complete rethink of both their procedures and operations. This will require designing in industry 4.0 methodologies and technologies from the initial concept of a product and designing not only the product to align but also designing new procedures and practices.
 At Safran Seats GB we design and manufacture bespoke 1st class and business class seats for the aerospace industry. As with most manufacturing sectors not only as the final product got to attractive and useable as set out by the customer but also conform to many requirements not only from the customer but also the airframer such as Airbus and needs to comply with all the relevant Aerospace standards. 
Along with the customization of each suite we also face other issues such as during the maturing of the design process, things can change to help manufacturing or even a customer may change their mind on a certain feature leaving less time to implement and make the necessary changes before deadlines are met.
This essay sets out what industry 4.0 technologies can improve in the process of the design and manufacture of bespoke aerospace seats/cabins and both their benefits and pit pitfalls. 


Product Design – Concept to final design

After winning a contract to supply a bespoke suite the initial phase of design begins, this usually takes place between the customer, the airframer such as Boeing or Airbus and Safran’s projects team. The initial concepts are agreed upon and are illustrated by an arthouse, this then becomes the foundation of the product with the shape, size, styling and features all being defined. 
The next step in the design stage is then split up between the individual teams such as mechanical and electrical which in turn break down the final product into manageable chunks with individual teams being set up for each.  Although each team as a designated module to work on it is important that they are not only working on their individual areas but with other teams to ensure a cohesive product. Once the design matures individual components are then released for Industrialization to produce, assembly and mockup a test suite thus enabling issues and concerns that may occur before the suite can be finally released for production.
The design process can be broken down into the following 7 steps. 
Define – formulate the problem, constraints and regulations
Collect – discover all relevant information
Brainstorm – Produce solutions and critically analyze
Develop – refine the solutions
Feedback – produce prototypes and test the ideas
Improve. – take feedback from the prototypes and refine the solution

At each stage there are a range of benefits Industry 4.0 technologies can offer. With improvements in data usage being the key development for Safran.


Initial Design phase – A.I 
As in any design process, the define phase is not only used to determine just the final product/outcome but is also used to identify all the constraints and regulations that need to be adhered to. These constraints maybe product based such as a stowage door requiring a need to be able to support a certain weight when open or the door must have a push open function to requirements from aerospace regulatory standards. To this end there is a lot of information that needs to be decided on, created and found, which takes up a lot of the designer’s time in working through mountains of information to figure out what are the constraints and how to ensure theses are met when coming up with a product answer. 
Most constraints are found in various spreadsheets and documents, which are stored not only on internal system’s but also external and as the product develops there may be more and more placed on the individual design that is being worked on such as another item taking up room that was free before. “Big data will be important as it enables organizations to gather, store, manage and manipulate vast amounts of data at the right speed, at the right time, to gain the right insights”. Hurwitz, Nugent, Halper and kaufman (2013)
This is where A.I and big data may be able to help taking all the digital data feeds and then through weak A.I such as macros or programs determine what is exactly needed for that individual part and creates an individual constraint package for each item or assembly that is being worked on. This will free up more time for the designer to go straight to the research or problem-solving stage as the Initial ‘define’ stage will be completed already for them and displayed in a single easy to use document. 
When creating Answers to the problems and constraints set out in the design brief it is always useful to look at other projects for both inspiration and lessons learned (what to avoid or fix). Utilizing the data already around us and introducing machine learning it may be possible for a system to ‘imagine’ and come up with designs that meet all the constraints and requirements for particular part or assembly. For example, take a stowage door the computer could either be fed or it will look for itself through the data we have and make a decision on the optimal material, shape and hardware required. 
“The Data obtained from a single device may not provide sufficient information, however the data aggregated from a number of physical devices may foster in creating knowledge of significant importance” Gupta and Quamara(2020).  This collection and utilization of data however may contain sensitive information which will need to be managed by the relevant teams to ensure the privacy of the data. As with all companies in the 21st century data security and confidentiality is extremely important. When looking at utilizing data streams it must have designed and built in data security measures which follow the company’s internal guidelines and I.T policies which should keep all the data safe and secure in accordance with such policies.
Areas of a 3D computer aided model could be set up with links to all relevant documents such as requirements, hardware items determined to be suitable from a database of common and proven items ready for the area you are working on such stowage having all the hinges present. When designing a product it is important that we can decide whether it would be suitable for 3d print where software could compare costs, time, material finish and then decide whether its relevant and cost effective to utilize.
In aerospace industry weight is an extremely important factor as the more an item weights the more fuel required per flight. Weights can and are be automatically updated as more parts are added to the final design ensuring a lighter product taking this information and using computer learning technologies could determine the best materials and design to suit.


Industrialization phase – Simulation, digital twins and digital shadows.
At the Industrialization phase both the design team and the industrialization team should work together to create a part, assembly and the finished product that complies with all the requirements and constraints placed on it and also be fit for production. There are several issues that can occur at this stage such as parts not suitable due to size restrictions or fail to achieve a certain function, this is then fed back to the design team to evaluate and develop solutions via meetings and spreadsheets. 
Utilizing digital twins, the process of manufacturing and assembling of the components can be reproduced in real time for the design team to see, allowing real time analysis and if there’s a problem it can be addressed in the moment instead of waiting for reports or meetings to be set up allowing for a quicker more real time response. 
There is also a chance to design and create simulations using software such as Arena from the data created to show how quick items should go together in real time and then used to calculate lead time for different assemblies to the final product.
Also using the Cad data to create a simulation, when errors occur, and designs are updated it could be tested before manufacturing the new part to ensure the issue as been fixed by the design change again saving on valuable time.



Manufacturing – additive manufacturing

Currently there are four main areas of manufacturing that can be done in house these are, Machining, vac form, composite and sheet metal. These are well known processes that are set up with their own procedures. Over the past five years there has been a considerable amount put into a sixth method additive manufacturing.
“Additive manufacturing as moved beyond prototyping” Engineeringdotcom(2017). With new improvements in technology additive manufacturing is now not just a tool for prototyping but also a genuine replacement for standard material subtractive techniques like milling or turning thus offering many benefits such as being able to create parts that just where not achievable before because of their complex designs, to reductions in cost, weight and lead times.
Here at Safran the only material we have had pass all the relevant tests requirements and aerospace regulations so far is the polymer Ultem.  Currently we have used parts manufactured using ‘3d printing’ for a couple of Components for reasons such as weight reduction and for complex parts that machining would be too costly.  There are many other benefits which we are slowly using to our advantage. 
Firstly, a lot of our assemblies are made form a mixture of material over a number of parts, additive manufacturing can now enable us to consolidate some or all of these parts into one. For example, if we take a stowage unit that is made up of 15 individual parts some of which are brackets bonded to vac form part, it is now feasible to design a part that takes both the brackets and vacuum formed part and make it into one singular component instead of two brackets and one vac part. Over the complete assembly this may mean that instead of the 15 initial parts we may now only have 5 thus saving on production costs – no tooling required, weight (Ultem instead of ally) and assembly time. 
Secondly utilizing generative design weight saving can be reduced further. Generative design is a cloud-based technology that can take your constraints and design goals and produce thousands of design answers way beyond what a human designer alone could produce. The results created by generative design are more organic looking but give a stronger lighter design with the use of less material.  Generative design as already been put to use by Airbus at their innovation Center with one project “ the bionic partition” showing that “if bionic partitions are installed throughout the entire cabin of an airbus A320 it would remove up to 500KG of weight” Autodesk.com(2018) this not only means that less fuel will be needed but also a reduction in CO2 pollution being produced.


Manufacturing – A.I

Currently at Safran there is an understanding of the need to investigate possible beneficial technologies one of which is the CADCAM packages that we use already as built in Weak Ai in the form of strategy management. 
The software we already use as the ability to determine features on a parametric model and then assign a strategy to that feature for example take a square block with four holes two of which are tapped 10-32 UNF, Running the feature finder will detect the shape of the part the two straight holes and the two tapped holes, it will then assign strategies to them features such as face milling, rough and finish outside profile and then spot, drill and tap the relevant holes greatly speeding up the process of created a CNC program. There are however still issues that with the correct investment and training should be able to overcome. Some of these issues are when the design team models the parts it is done in Catia however we do not have the license to load /Catia models directly into The CAM software this means that the software will only see the holes and not the threads assigned to them in Catia. 


Conclusion

As shown above there are many benefits to gain by exploring and implementing Industry 4.0 at the Design stage such as cost, weight saving of the final product to more versatility in production methods and customization. We can also gain reduced need for human intervention; this however could be seen as both positive and negative with many concerned about job losses and ultimately redundancy of a human workforce and a rise of dark factories. 
“Recruitment firms are reporting difficulties in hiring across several sectors. However, one of the most heavily impacted industries has been manufacturing” Startups.co.uk(2022). With organizations struggling to find the skilled labor they require, it is now becoming more clear that it would make more sense to implement industry 4.0 to shoulder some of the burden. This could be done by freeing up existing staff to take on multi roles such as taking a mechanical design engineer role and an industrial engineer role and merging the two together creating a hybrid position.  This could benefit the individual Financially while also saving the business money by not having two salaries, pensions etc. to fund. Also, With the experience gained from working in the industrial engineer position supporting the individuals design work. 
Industry 4,0 as shown that it can make the processes more efficient and from a positive stand point free up time for the designer to become more creative with his/her ideas driving forward change in the manufacturing environment. 
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