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2. [bookmark: _Toc176537356]Introduction

Systems engineering tools can be applied to a range of engineering problems to help better guide the engineer through the task, and to help ensure a methodical, logical approach is taken to solving the problem throughout the project [1]. For the purposes of demonstrating the usefulness of these techniques, the example in this design book looks to identify a design for a hair styling tool, which can be used as a ‘multitool for hair’ in the sense it would dry hair from wet, but also achieve a number of different styling abilities too. In the case of this project, gaps in current product technology on the market were identified by examining the customer reviews online and collating these into one product that can satisfy all requirements. After then reviewing these requirements and rationalising them, a number of systems engineering tools have been utilised to methodically progress through the design process. As subject matter knowledge on the production of hair styling tools is not the speciality of this report, the manufacturing tools will be discussed hypothetically as a good tool to use in the future to progress the product to completion. The report will aim to provide a holistic view of how useful systems engineering tools can be to any project.

3. [bookmark: _Toc176537357]The Problem
i. [bookmark: _Toc176537358]Current Situation
Upon leaving a shower with freshly washed hair, many people find the impending task of drying and styling the hair laborious and tedious. There are a few reasons for this, including having to use multiple tools to achieve this task, as well as spending a lot of time and energy on making the hair look perfect, only to find that the tool does not achieve the desired style and all that time has been wasted. As this is a widely known issue, many companies have already tried to provide solutions to this issue, with designs starting as early as 1922 with the invention of the first ‘hot brush’- a hair drying tool shaped like a hairbrush, to both dry and brush simultaneously to reduce the time it takes to style hair [2]. This design has since been refined many times, with modern companies such as Dyson taking the design to the next level by creating a tool with multiple attachments for all styling needs, as well as being a hair drying tool at the core of it [3]. 
ii. [bookmark: _Toc176537359]The need for change
Despite the flooding of various options on the market, it has proven a difficult task to create a concept which meets the needs of various consumers, as well as being a reliable tool to create repeatable styles that the customer can depend on. This is evident when reading online reviews for the most popular all-in-one stylers on the market currently, with a selection for different tools listed below:
· Dyson AirWrap™ multi-styler and dryer- “I don’t see any difference using this versus just a hairdryer as I still need to straighten my hair anyway.” [4]
· Shark FlexStyle Build Your Own Air Styling & Hair Drying System- “It’s really just a glorified hairdryer for me. Can’t seem to get the curling wands to work.” [5]
· REVLON One-Step™ Blow-Dry Multi Air Styler 5-in-1 - “Really good for drying hair but very heavy.” [6]

While there are many positive reviews for these products, it is clear to see from the reviews above that there are a few issues that still exist within these styling tools, namely styling ability, functioning correctly/ease of use and weight of the tool. These reviews, along with a plethora of others that have been left for these products online, can form the basis of the requirements which should now be considered in a systems engineering approach to redesigning these tools. 

4. [bookmark: _Toc176537360] Customer Requirements
i. [bookmark: _Toc176537361]Who are the customers?
While there are a wide range of people who purchase hair styling tools for multiple reasons, upon reading reviews it became clear that many of the customers can be loosely grouped into 3 categories:
· People buying the tool for themselves or their partner to use at home to style their own hair
· Professionals buying the tools to use in the salons to then provide a service to a paying customer
· Adults purchasing the tools to dry and style children’s hair at home

As there is a clear separation of different types of consumers that would be using this product, each customer therefore will have their own set of requirements for the tool, and by identifying these 3 key customers the design for the tool should then appease many customers as it should be designed with all in mind. For the purposes of this example, the customers have been labelled as ‘the operator’ (the at-home adult styling their own hair), ‘the stylist’ (the professional in the salon), and ‘the parent’ (the adult styling a child’s hair). 

ii. [bookmark: _Toc176537362]Requirements Setting
The process of setting requirements can be challenging, especially when having more than one specific customer using the product. The main basis of the requirements used in this example have come from reading online reviews of similar tools and taking those and turning them into specific requirements. The requirements taken were ones which had multiple reviews mentioning that feature, and so can be assumed to be what many of the customers using this type of tool would agree would be a useful feature of the tool if included. These initial requirements are below:
The Operator:
· The operator requires the tool to dry the hair from wet (towel-dried)
· The operator requires the tool to style the hair in multiple ways such as straightening, curled, or bouncy blow-dry
· The operator requires the tool to be easy to use
· The operator requires the tool to be quick to completely dry hair
· The operator requires the tool to be light and not cumbersome to use
· The operator requires the tool to reduce frizz and keep flyaways to a minimum

The Stylist:
· The stylist requires the tool to deliver salon-quality results
· The stylist requires the tool to have a sleek-looking design
· The stylist requires the tool to increase shine in hair
· The stylist requires the tool to produce repeatable, reliable results

The Parent:
· The parent requires the tool to have adjustable heat settings so as to not burn child's scalp
· The parent requires the tool to have different size attachments to suit child's hair and their own hair
· The parent requires the tool to have minimal noise
· The parent requires the tool to not pull or tug at hair

iii. [bookmark: _Toc176537363]Rationalised Requirements
After the key requirements had been identified, it was then imperative to discover which requirements were the main important requirements, and which were either specific to one set of customers or not seen as being as important as other requirements in the tool. This was done by doing a pairwise comparison of the requirements in order to see how each requirement affected the others, for example seeing if having one requirement was particularly key in then enabling other requirements to be present. This is demonstrated below in Figure 1.
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Figure 1- Pairwise comparison of requirements.
After completing this table, the ‘Total Normalised’ values were created, which effectively show how ‘important’ requirements are, with the higher the number meaning the more crucial the requirement is to having a successful system. This is also represented by the bar graph below in Figure 2.

Figure 2- Bar Graph showing results of pairwise comparison.
As can be seen in Figure 2, the most important requirement to come from this test is the requirement to have the tool dry the hair from wet. This is logical, as ultimately the main goal of the tool is to take the hair from being wet to dry, so this somewhat demonstrates that the method has worked correctly to identify the key requirements. What is also interesting to note is that the joint-second most important requirements are to style the hair in numerous ways (again this is logical as it is the purpose of the tool), but also that is must be easy to use. This again seems logical as many of the online reviews noted that many tools are not easy to use to achieve the desired style, however using this Systems Engineering tool really shows the importance of this requirement, and so can be concluded that using this system to rationalise requirements is a very effective system. 
Another interesting conclusion that can be drawn from this graph is that the ‘least important’ requirement is that the parent requires the tool does not pull or tug at hair. This may be due to the fact that this is a niche requirement only really required by the parent, as using the tool on adult hair is not as likely to get caught or pulled by the tool as it is stronger. This being said, this requirement is still an important feature that should not be ignored or not included on the design of the tool, but it does show that for perhaps things like financial planning, less money could be spent developing an anti-tangling system and perhaps more money could be spent on the drying technology, for example. Overall, identifying the requirements of a system and then rationalising them is a key step to enable the progress of the project in a systematic fashion, and allows for greater clarity as what is actually important to the customer, which is a key factor to consider moving forwards.
5. [bookmark: _Toc176537364]Functionality
Once requirements have been set and prioritised, it is then important to look at the functionality of the tool, and how the design will actually achieve the functions that will certify that the requirements have been met. The first stage of this is to identify what functions the tool will need to perform in order to complete all of the requirements. This was decided as below in Figure 3.
[image: ]
Figure 3- Required Functionality of the system.
These are the basic functions in which the tool must undertake to achieve the requirements previously listed. As can be seen in Figure 3, the functions in red were decided upon after completing the Functional Means Analysis (FMA), which is mentioned in this report in section 7. This shows how this is not a linear process, but one which requires the engineer to go back through previous steps to ensure they haven’t missed anything, and to reflect on design choices already made to ensure they still follow the initial requirements that were set out.
These basic functions can then be used in further steps to ensure that the design of the tool will be in line with the functions, and therefore align to what the requirements demand from the tool. This can be seen in QFD 1, in the next section. 
6. [bookmark: _Toc176537365]QFD 1
A Quality Function Deployment 1 matrix, or QFD 1 matrix, is a method of systems engineering which helps capture and structure requirements and aims to translate customer requirements into engineering requirements [7]. This tool not only allows for better clarity between what is required of the engineering process, but also ranks the functions from most vital to least, which allows for further design choices to be influenced by this and therefore produce a product which is more catered for the more important requirements asked for by the customer. 
QFD 1 works by doing a comparison of the requirements and the functions and ranking how vital a function is to each individual requirement. These are given 4 possible scores: 9, which means the function is vital in supporting that requirement; 3, which means the function would be strongly desired but is not vital to the requirement; 1, which means the function would be a preference but nothing more to the requirement; and 0/blank, which means the function does not affect that requirement at all. The completed QFD1 for the hair tool can be seen below in Figure 4.
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Figure 4- QFD 1.
These ratings then give a total number which can be seen at the bottom of Figure 4, and this number is used to rank the functions in order of importance. This has also been demonstrated in the graph in Figure 5.
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Figure 5- QFD 1 Functional Importance Graph.
As can be seen in Figure 5, completing QFD 1 has allowed the engineer to see that the most important function that the tool needs to undertake is brushing through the hair- this again is logical, as an important element of styling hair is ensuring it is smooth and brushed through without being tangled. This function also impacts a lot of the other requirements, and so is the most important overall function. Similarly, the second most important function is the barrel heating up- again, styling would not be possible without the addition of heat, so this makes sense. It is also clear from the results from QFD 1 that the less important functions are noise reduction and cooling when turned off. While these aren’t highly important functions, they do still achieve some requirements from the customer and so should not be disregarded, but the focus can perhaps be shifted from these functions to the more important ones when considering costing and design. 
7. [bookmark: _Toc176537366]Function Means Analysis
Now that the key functions have been established and prioritised, the next task is to establish how these functions will be carried out. This is completed by undertaking a Function Means Analysis, or FMA. This is the process of brainstorming, usually in a team of key stakeholders including design technicians, engineers, manufacturers, and possibly the customer, to think about how each function might be achieved by how the product is designed. At this stage, people may have differing opinions, such as a manufacturer may require the design to be simpler so it is easier to manufacture, however a design engineer may desire specific functions to be included so that the product looks sleeker and more attractive to customers. This is a good reason to support the undertaking of FMA, because it allows for all opinions to be heard and good discussion to arise on how to make the product the best for all interested parties. 
When coming up with different methods of achieving various functions in this design, the engineer took on all roles for the example, so the brainstorming was attempted to be written by a variety of interested parties, as mentioned previously. This is reflected in the variety of options presented during FMA but was also conducted by online research into the current technology of hairstyling tools. Together, this is how the below options were created in Figure 6.
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Figure 6- Completed FMA with chosen options highlighted.
As can be seen in Figure 6, the various functions are laid out on the left, with methods of achieving these functions on the right. After the brainstorming activity is finished, the team then go through each function and agree upon the best solution to solving the function by highlighting the chosen option(s). 
For the function of heating up the barrel, the option of using hot air blowing through vents was chosen. This was because this method also allowed for better detangling properties, as well as better drying function, so ticked off multiple functions and requirements in one. This was also selected to brush through the hair, as well as fibre bristles which are softer so will reduce tugging and pulling and create a smoother styling process. 
The method of removing or absorbing the water is to heat hair until the water evaporates- this is the usual technology for hair drying, and so will be a familiar method to the customer that is tried and tested. This element was also mentioned in reviews as being the thing that most tools do well, so it makes sense to stick with a technology that is known to work well. 
The tool will have adjustable heat by a slider and a digital screen, which gives the tool a modern sleek look and also ticks off the ‘sleek design’ requirement for the salon users. 
For cooling, the device will have a cool setting to actively cool the hardware down, but will also automatically switch off after 5 minutes of the tool being still (the tool will need to have a built in sensor/spirit level to determine when the tool has been sitting still), as this was deemed to be a helpful addition to the tool which should make it more appealing when attempting to sell the tool. 
The issue of needing the cord to rotate has been removed by making the appliance cordless, as this will allow for a full range of movement on the tool which will make it much easier to use, satisfying one of the key requirements. 
There are multiple ways to reduce noise, and as this is a less important function as deemed by Figure 5, the conventional noise reduction techniques as seen in normal hairdryers are employed, which include having more blades on the fan to increase airflow rather than increasing motor speed, having the option of having a lower heat setting and therefore a quieter fan, and also building in intake baffles to reduce the sound.
Finally, to increase shine, multiple techniques will be deployed that are already being used, for example the directed hair flow will not only detangle and dry the hair but will also increase shine in the hair and give the hair a sleek look. Again, as this function was lower down in Figure 5, there is less of an emphasis on this to go with a novel or new technology to try and improve this quality, but it still needs to be included to meet all of the requirements.
Completing FMA has allowed the design process to evolve as it informs the design engineers which design choices need to be made in order to successfully fulfil all functions and therefore requirements, as well as considering the priority of the functions and requirements when doing so. 
This then allows for the next systems engineering tool to take place, which is a Pugh Matrix. A Pugh Matrix is used to compare various designs against a current or previous design, and evaluate which option is better [8]. This could be done for a range of different models, however the example in Figure 7 compares the current tools on the market to the proposed tool, but with both a cordless and swivel cord design. In reality, many options could be compared for each function and option in the FMA, but for demonstration the cord function has been selected. 
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Figure 7- Pugh Matrix completed for Cordless vs Swivel Cord vs Current tool.
The Pugh Matrix allows the engineer to see which version of the tool will perform better than the current market option, so is a valuable tool for assessing if the proposed designs will actually be a better solution than the current tool. As can be seen in Figure 7, the variants of tools are graded with either 2, 1, 0, -1, or -2, with 2 being much more effective than the current tool, on a scale down to -2 which represents being much less effective than the current tool. After inputting these ratings, the cordless design has come out with the lowest score, meaning that it is the most effective design of the three. This tool again proves that the best design is being taken forward, and to ensure this it would be advised to complete this table for a multitude of designs to ensure the final design is one which is the most effective. 
8. [bookmark: _Toc176537367]QFD 2
The final systems engineering tool that has been fully implemented in this example is QFD 2, which is a tool which looks to translate engineering requirements into product parts and tells the engineer which part of the tool will be most fundamental in the overall performance of the tool. This was completed by using the 9-3-1-0 ranking system again to correlate how each part interacts with each function, and map which parts are key parts of the overall system. This is shown below in Figure 8.
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Figure 8- Completed QFD 2. 
Figure 8 shows that the different product parts have been ranked in order of importance, and so it is now possible to see which parts are crucial to the successful operation of the system. This is also demonstrated in Figure 9 below.
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Figure 9- Feature Importances Chart.
As can be seen from Figure 9, the most key part by far is the vent that blows out the hot air from the tool. This is due to it being a vital part in ensuring the hair dries, as well as is smooth, shiny, and brushed through neatly. Because this part affects so many functions and therefore a lot of requirements, it is a very key part of the tool and the most time should be taken over the design and manufacture of this part. It is also clear to conclude that the least important part is the intake baffles, and this is because they only affect one minor function of the tool which was deemed not so important previously. This means that less time and effort can be spent designing and manufacturing this part, and this time and effort can be better concentrated on the more important features. 
9. [bookmark: _Toc176537368]Future Systems Methods
i. [bookmark: _Toc176537369]Manufacturing 
After the parts have been ranked from highest importance to lowest, the process then follows on to the manufacturing requirements of the system. Firstly, separate manufacturing requirements must be set [9]. These will be set initially by the key stakeholders, and include things such as:
· Low manufacturing costs
· Good surge capability
· Reliable manufacturing
· Short lead times
· High quality
· Safe to make
These would then be broken down further, so for example for low manufacturing costs, this could then be separated into labour, equipment, service, materials, and maintenance costs. 
Similarly to the product design stage, the functionality of the manufacturing stage now needs to be designed. This can be done by consulting with the manufacturing experts for hair styling tools to agree on how the requirements listed above can be achieved through their manufacturing process.
Once both requirements and functionality have been established, the manufacturing QFD 1 can be started. This is very similar to the initial QFD 1 but looks specifically at the manufacturing, and the result from this is that the processes will be ranked in order of importance. This allows the manufacturing team to prioritise certain tasks easily in order to achieve an efficient and effective manufacture. 
Once QFD 1 is complete, the engineers can then go through the process of completing QFD 2. This will enable them to compare the manufacturing functionality with the design features and will then give the result of which design feature is most integral to the manufacturing process. This, similarly to the previous QFDs, will allow the manufacturers to prioritise certain features based on how important they are to the overall success of the manufacture [10].
ii. [bookmark: _Toc176537370]Process tools
After the manufacturing systems engineering tools have been implemented, a process FMA and Pugh Matrix should then be carried out. This will allow the manufacturers to discuss which method of manufacturing will be the overall optimal method, and this starts with the FMA. During the FMA the manufacturers will discuss various methods of achieving the manufacturing functions and therefore satisfying the manufacturing requirements. Once they have selected the best manufacturing method, they can then continue with the Pugh Matrix.
The Pugh Matric will allow the manufacturers to compare various methods of manufacture and see which method is most efficient yet effective, with the same method of rating as previously stated. This is a useful tool as it ensures and reassures the manufacturers that they have selected the correct method and allows them to weigh up the differences of each method to assure it aligns with the goals of the requirements set previously [11]. By using the Pugh Matrix, it also deters bad manufacturing choices being made as it allows for the direct comparison between methods. 
iii. [bookmark: _Toc176537371]QFD 3 and 4
Once the previous process stages have been completed, QFD 3 can be undertaken. QFD 3 is undertaken in the process development phase and is used to determine which manufacturing techniques are the most key when developing this product. Similarly to before, a cross-comparison is completed between then process features/techniques and important design features. This will then result in the process techniques being ranked in order of importance. This will mean that the manufacturing team can then ensure they perfect the more important techniques and have narrower margins on these techniques as they need to be done correctly. This in turn then means that the margins can be wider for the less important techniques, but still within a reasonable range. 
QFD 4 is a systems engineering tool which enables the manufacturers to identify process controls and place them in order of priority for the overall system [12]. This involves identifying the process controls during a ‘What Why’ diagram, which is a diagram in which process parameters, noise factors, critical noise parameters and critical control factors are identified and the relationships between them are established. This allows for a qualitative assessment of what manufacturing process parameters require control, and what noises affect them. QFD 4 is then used to plan how the manufacturing process intends to align with QFD 3 to ensure a smooth system is in place for manufacture. QFD 4 is also a tool which ensures the requirements of the customer flow down every aspect of the system’s production, including into manufacture. 
QFD 4 works by first listing the process parameters previously identified. These are then ranked in terms of an operational evaluation assessment, which shows the ability to achieve the process parameters. The third step is to then plan the requirements so that the process is controlled and identify what control methods are used to control the process parameters.
The information gathered by QFD 4 can then provide the rationale for information that can then be place into a Process Control Plan- a detailed document which describes controls for each step of the manufacturing process, as well as detailing parameters for each technique used during the process [13]. This document will then give the manufacturers a guide on how to conduct their processes and will eliminate mistakes due to the detailed controls in place to minimise errors. This benefits the system as a whole, because if there are less mistakes made during manufacture then the cheaper the project will be overall and will also mean lead times may be decreased in terms of getting the product into service.
10. [bookmark: _Toc176537372]Conclusion
After completing a series of systems engineering tools, it is clear to see that the combination of tools is a vital addition to the design and manufacturing planning process of a system. The example of designing a new hair tool clearly showed the use of gathering requirements data from customers, as it allows for the true cause of the need for the redesign to be found, whilst also creating a good base of requirements for the rest of the process to refer back to. The process of then selection functionality and brainstorming different ideas allows for a creative flow to be brought into the process, which allows for a greater extent of innovation to be brought into the system. Undertaking both QFD 1 and 2 allows the design stage to be streamlined and gives opportunity for errors to be irradicated, which is a valuable thing for a system to have as it means lower costs and shorter wait times down the line. Progressing into the manufacturing and process procedures also sheds light on this, but equally enables the manufacturing process to start to take place in the most efficient and effective way possible. The constant comparisons to functions and then back to requirements keeps the process grounded to the original thoughts of the customer and does not allow for the project to become ‘lost’ along the way. Overall, it is fair to conclude that the implementation of systems engineering techniques into the design and manufacturing process is invaluable and should be considered for a range of projects in the future. Not only will these tools save time and money, but they also ensure the quality of the product produced at the end is of the highest standard and directly links to what the customer requires, which is the overarching aim of the product design cycle. 
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11. [bookmark: _Toc176537374]Appendices
Appendix A- Completed Use Case document
Use Case for Hair Multi-styler…………………
	Use Case: A clear verb/noun or actor/verb/noun that communicates the scope of the use Case
Use case for Hair Multi-styler………………….

	Author Anna Williams
	Issue – 0.1
	Reviewed 
	Date 

	Actors:- A list of actors who can engage in the activities described in the use case:-

Users of the styler:
· People at home styling own hair
· Professional Hair Stylists
· Parents/Adults styling children’s hair






	Pre-conditions:- Anything that can be assumed to be true when the use case begins :-

· The tool is safe to use on wet hair
· Conforms to UK standard electric plug socket 
· Will not overheat
· Does not burn hair
· Will not produce electric shock
· Will not cause fuses to trip
· Will dry hair
· Will curl hair (if required)
· Will straighten hair (if required)
· Hair has been appropriately prepared for styling (brushed, product added if required)




	Post-Conditions:- Anything that must be true when the use case is complete.

· Hair must be dry
· Hair must have been able to be styled (actual outcome depends on variability of skill from the user)
· The tool must not be too hot to store safely
· The tool must itself be dry
· The tool must remain useable for the next time of use






	Basic Flow:- The set of steps the actors take to accomplish the goal of the Use Case. A clear description of what the system does in response to each user action.

1. Plug tool into mains plug.
2. Switch tool ‘on’.
3. Continuously run tool over hair to dry the hair, running bristles through the hair to comb it.
4. Use the tool in either a straightening or curling fashion to style the hair.
5. Once hair is styled and user is satisfied, switch off tool at handset.
6. Switch off tool at mains plug.
7. Place on heat-resistant matt or safe surface to cool.








	Alternative Flow:- Captures alternative user/system interactions, such as what happens if data is entered incorrectly.

1. Plug tool into mains plug.
2. Switch tool ‘on’.
3. Continuously run tool over hair to dry the hair, running bristles through the hair to comb it.
4. Use the tool in either a straightening or curling fashion to style the hair.
5. Hair is not being styled as required- switch off tool and set down on a heat-resistant matt or safe surface.
6. Search online for tutorials or guides on how to apply the correct styling technique to the hair.
7. Switch tool back on and apply new method of styling to the hair.
8. Once hair is styled and user is satisfied, switch off tool at handset.
9. Switch off tool at mains plug.
10. Place on heat-resistant matt or safe surface to cool.





	Exception Flow :- The things that can happen to prevent the user from reaching their goal.

· No power at mains- check power supply to mains plug
· Plug on tool does not fit the mains plug- obtain correct country adapter to fit plug
· Tool does not heat up- possibly faulty tool
· Tool overheats- stop using tool and allow to cool
· Hair gets tangled in brush head- switch tool off and detangle before continuing 
· Styling technique is not correct- research to be carried out by user as to correct method for their hair type









Rationalised Requirements

The operator requires the tool to dry the hair from wet (towel-dried)	The operator requires the tool to style the hair in multiple ways such as straightening, curled, or bouncy blowdry	The operator requires the tool to be easy to use	The operator requires the tool to be quick to completely dry hair	The operator requires the tool to be light and not cumbersome to use	The operator requires the tool to reduce frizz and keep flyaways to a minimum	The stylist requires the tool to deliver salon-quality results	The stylist requires the tool to have a sleek-looking design	The stylist requires the tool to increase shine in hair	The stylist requires the tool to produce repeatable, reliable results	The parent requires the tool to have adjustable heat settings so as to not burn child's scalp	The parent requires the tool to have different size attachments to suit child's hair and their own hair	The parent requires the tool to have minimal noise	The parent requires the tool to not pull or tug at hair	12.702784392620172	11.659033549891621	11.597774958138714	6.4339054710688917	6.284470279225129	7.8287590659249142	6.3664733691009943	6.284470279225129	5.5716111927346743	4.3280254000041083	6.0385032221969874	5.5716111927346743	5.7985602821951909	3.5340173449388232	
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