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An in depth walk through of a systematic engineering process which moves from an initial product imitation and iteration of a commercially available household item through to initial design draft, documenting extensively each work process conducted. Using a Tofu Press as a consistent example, the issue and context analysation, requirements defining and expanding, functional importance, conceptual methods and component criticality is established using various systematic processes. This encourages an iterative design process where potential failures and issues are identified and rectified before the product is designed. 
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Table 3 – Importance comparison of task and requirement (QFD 1)
	Function
	Means
	 
	 
	 
	 

	Clean any debris or dust from container  
	Chemical resistant material that can withstand standard cleaning chemicals 
	Container for storage to avoid contamination in between use 
	 
	 
	 

	Assemble the drainage and container components 
	Click and lock system 
	Threaded connection 
	Clamp/clip in place system
	Friction Lock 
	Slide together 

	Select firm or extra firm tofu 
	N/A
	 
	 
	 
	 

	Place tofu to interact with drainage system 
	On top of grate
	On hard surface, grooved for drainage 
	Fabric surface which allows fluid pass through 
	 
	 

	Assemble compressive method 
	Manual Rotational tightening clamp 
	Lashing strap with clip 
	Dual or Quadruple swing top clips 
	Elastic band stretching with hooks 
	Fabric binding, twisted until pressure is reached

	Apply force applied method to secure compression on tofu
	Clamp method 
	Binding method 
	Clipping method 
	Elastic hold 
	Twisting hold

	Liquid expels through drainage system into container
	Grooved hard plastic to allow drainage 
	Holes which allow movement in direct contact 
	Fabric acting as a kind of membrane 
	 
	 

	Monitoring of liquid presence until correct liquid content is reached 
	volume measurement on container 
	Moisture detector probe
 
	Transparent/Translucent components for visual appearance
	 
	 

	Drainage of any touching fluid 
	Valve release 
	Pouring spout
	Fourth removable tray of liquid storage 
	 
	 

	Tofu is released from pressure 
	Swing loop clamps to allow for gradual release of clips
	Removal of clips to allow bind release 
	Clamp allows for gradual loosening 
	Removal of binding
	 

	Residual fluid is drained and removed 
	Valve release 
	Pouring spout
	Fourth removable tray of liqid storage 
	 
	 

	Deconstruction of drainage and containing component
	Click and lock system 
	Threaded connection 
	Clamp/clip in place system
	Friction Lock 
	Slide together 

	Cleaning of Drainage 
	Chemical resistant material that can withstand standard cleaning chemicals 
	High temperature deformation limit to allow handwashing/dish washer safe 
	 
	 
	 

	Cleaning of Container 
	Chemical resistant material that can withstand standard cleaning chemicals 
	High temperature deformation limit to allow handwashing/dish washer safe 
	 
	 
	 

	Cleaning of Compressor 
	Chemical resistant material that can withstand standard cleaning chemicals 
	High temperature deformation limit to allow handwashing/dish washer safe 
	 
	 
	 


Table 4 – Function and means with varied appropriate options
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[bookmark: _Toc218688074]Introduction and Evaluation on Systems Engineering’s importance in design 
Systems Engineering is the process of evaluation of the design process, moving through the various phases of primary objectives, data collection, evaluation and analysis as well as problem identification to reduce likelihood of failure in the final product.
This portfolio follows the system referred to as ‘Design the right thing, then design the thing right’. This follows the process of only accommodating the basic, primary functions and developing for comfort, ease of use and marketability once the fundamental customer requirements are met. As this product is designed for large commercial production, operated by untrained users who may have little to no experience, the product must be able to operate simply and fundamentally without excessive further instruction. 
Other projects may require different systems processes: these processes can include ideas such as left shifting or Ben Blanchard method [1]. This process is decided by the contexts of the project such as: how is it operated? Who is operating it? Is training required? How safe is the project? What is the worst-case operating scenario? Where is it being operated? 
Using basic questioning the system to design the simplest properties first and expand in ways which vary from the standard commercial model was highly appropriate and therefore chosen for this system engineering process. 
Finally, all system engineering processes have the same result, which is a highly documented, well-reasoned and justified, traceable at each stage product that results in meeting all primary expectations. Once this product is evaluating the design can be iterated and secondary then tertiary expectations can be met. These expectations are classified and prioritised using varied methods as well as data collection from each stakeholder. [2] 

[bookmark: _Toc218688075]Evaluation and in-depth explanation of key customer requirements
[bookmark: _Toc218688076]	Standard commercial product description 
A Tofu Press is commercially sold as a three-part plastic food preparation aid. Designed for the food substance ‘tofu’, made from condensed soybean, to prepare for a multitude of dishes as the tool forces the removal of water from the food. 
Understanding the material properties of Tofu is incredibly relevant as there are a varied selection of types all which can withstand certain environmental properties and cooking processes. Tofu was original formed in China, as early as 180 BC [3], and has been consumed in five key forms and three defining categories, for thousands of years. These forms are: unpressed fresh (extra soft, soft), pressed fresh (firm, extra firm) and processed (fermented) [4]. Unpressed fresh does not need to be considered as the design, and creation is via added water and should not go through a water removal process. Similarly, fermented which adds fluid and reduction of liquid is not necessary in most common cooking practices. [3] Therefore, when considering the design of a tofu press, the only material that should be commonly used internally is extra firm or firm Tofu.
A commercial tofu press is usually designed in three sections: the container, the drain and the compressing component. As these components are required to be made from a food safe material; the three common are wood (usually bamboo), metal (usually stainless steel) and a food safe hard plastic. 
Firstly, the container component catches and stores the liquid expelled from the pressed tofu as this allows for a clean process, storage of the liquid and primarily raises the compressed tofu away from the liquid and therefore reduces the risk of reabsorption. This component needs to be made from food safe material which can also store liquid and will not degrade overtime when maintained properly. 
Secondly, the drain component is used to have direct contact with the tofu and allow the expelled water and fluid to pour away from the tofu. This component needs to have fluid movement capability and be able to withstand the force of the tofu going through compression. Usually, via resting on top of the container, the force of applied by the compressing element onto the drain needs to be distributed in a manner than will not compromise material stability. 
Finally, the compressing component commonly consists of a solid and heavy block which is secured and force applied either by binding, clamping or elastic bands. Depending on the overall material depends on which method is appropriate. 
[bookmark: _Toc218688077]	Consistent issues and relevant contexts 
As the demand for Tofu Presses has increased commercially, more supplies are creating the hard plastic version of the product due to the cheap materials, manufacturing process and ease of food safe sterilisation, therefore, the most common model is the elastic compression method. This method consists of the drain and container being connected with firm or extra firm tofu being placed inside the drain. The compressing component is then placed upon the tofu, fastened down and force applied by using the rubber/elastic plastic material to hook from the container to the compressor component via hooks. This is often difficult and can cause uneven force as the initial side will hook far easier than the opposing side, as the user pushes down on the opposing side (holding in place for securement), the user also needs to use another hand to pull and hook the elastic component. This can be incredibly difficult regardless but can be exasperated if the user has mobility issues.
A secondary issue is the control of the compression of the tofu. Pressing allows for a denser material which can affect cooking processes and eating texture, over pressing can ruin dishes, whilst under pressing causes poor flavour absorption, a softer and more damp texture and can cause a safety risk when cooking with hot oil. The tofu needs to be pressed at a consistent force over area, measurable and variable force and the strength of the material of the drain and compression system. 
Tertiarily, drainage of the fluid is crucial to the design function. Historically [3], fabric compression has been used which allows the tofu to remain in the fabric whilst the liquid can pass through cleanly. These methods are difficult to maintain as the damp cloth can only be single use or must be thoroughly clean to reduce the likelihood of mould growth between the fibres. A second common issue is that fibres from the cloth can contaminate the tofu and leave the material indented and deformed. Modernly, plastic with drainage holes is used however, due to the expelled water having remanence of the proteins, this causes the surface tension of the fluid to be higher and either not pass through the drain or become lodged. Furthering this, the drainage system can become clogged with small fragments of tofu which naturally fall off during compression. 

[bookmark: _Toc218688078]Critical system functionality and comprehensive prioritising of functions 
[bookmark: _Toc218688079]	Initial product requirements for commercial and developed use 
As shown in Table 1, Level based Requirement set, although all tasks can and usually would be performed by a single user, these requirements have been divided where each functional stage has its own requirements. These user actions are Tofu compressor, Drainage manager, Product cleaner and Final consumer. 
[image: ]
Table 1 – Initial Product Requirements of an at home Tofu Press 
The ‘Tofu compressor’ is the user who would place the tofu inside the container and applied the force through various methods. There requirements are as listed in Table 1, which are: Adequate space for the tofu to be easily placed without excessive deformation or cutting, compression occurs with minimal strenuous physical reliance, compression can be maintained without constant input from the user. 
The ‘Drainage Manager’ is the user responsible for disposal of the expelled fluid ensuring minimal reabsorption and minimal mistakes. The requirement for this user is Ease of access to the fluid without disrupting the compressed tofu and disposal of the fluid with minimal excessive mess or spillage. 
The final user is the ‘Product cleaner’ this user will need to have access to all the product which could be contaminated either by the tofu or the fluid, this includes threads, sharp corners and tight areas as mould can grow if cleaned incorrectly. The specific requirement for this user includes deconstruction and reconstruction with ease of all contaminated components, the components need to either be hand washable or machine washable without deterioration or deformation due to temperature occurring. 
The ‘Final consumer’ is the user who will interact with the tofu after the compression prosses has occurred. This user has the most requirements as the food is intended to be ingested. The requirements of this user are that the tofu remains uncontaminated by toxic residue or microplastics, the tofu has a reduced fluid content and can now be prepared in the desired method, the tofu is solid and has not been compressed to deformation and the fluid content is not so reduced the tofu struggles to maintain an expected structure. 
These are crucial initial requirements as they can the minimum functions of any tofu press which is reusable and user friendly regardless of mobility ability. The purpose of these requirements is not to suggest solutions but instead provide minimal expectations of modern-day function.
[bookmark: _Toc218688080]	Initial requirement analysis for commercial and developed use 
The process of initial requirement analysis allows for primary documentation of the design process, forcing justification of early decisions and determining their worth before being designed into the product. These requirements are based on each stakeholder and their interaction with the product. As a tofu press is a household single operator product, excluding packaging and manufacturing, the primary stakeholder is the consumer who will go on to be the primary user. 
As a consumer there are fundamental requirements which don’t apply to the Pairwise system with a product such as balance between quality and price, price being competitive against competition and abide by legal requirements of food preparation equipment. These are determined by external factors such as laws, market stability and sales quality, not impacting design of the product within reason. 
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Table 2 – Pairwise comparison of initial requirements 
Table 2 shows a rationalised Pairwise requirement set. Using the 1, 2, 5, and 9 systems, with reciprocal 1, 0.5, 0.2 and 0.11 respectively, each requirement is comparatively written allowing simple prioritisation and elimination in design. This grid shows data collected, usually via surveying, however this data can be simplified into a graph as shown in Figure 1, the cumulative graph of results. 
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Figure 1 – Visual representation of prioritised requirements
In Figure 1, ‘The tofu remains uncontaminated by toxic residue or microplastics’ has clear dominance over the other requirements and therefore should be prioritised in design. This will appeal to the user as primarily, it will make the product safe for use as a food aid, secondly, there is greater public awareness of contamination as long term studies are being published and by obeying UK and International food safety laws, the product can be sold to a larger customer base which usually results in a reduced sales price.
Furthering this, in Figure 1, it is observed that ‘Compression can be maintained without constant input from the user’ has greater importance over ‘Compression occurs with minimal strenuous physical reliance’ and ‘Adequate space for the tofu to be easily placed without excessive deformation or cutting’ due to the time period that the product is used, some tofu preparation requires well over 12 hours of constant compression, an unreasonable task for the user. It was decided via comparison that the user inconvenience of difficulty of compression and reasonable deformation of material can be sacrificed in favour for the quality and consistency of compression. 
Finally, in Figure 1 there is a trend of prioritising the maintenance and life cycle of the product, influencing design of a higher demand of a better quality, food safe and temperature resistant material. 
[bookmark: _Toc218688081]	Functional importance of QFD 1 
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Table 3 – Importance comparison of task and requirement (QFD 1)
 A QFD diagram uses a 4-code system where the importance of the requirement in relevance to the task. If the task has no linkage to the requirement the box is left blank which is represented here as white. If the task has a minor or ‘knock-on’ effect on the requirement, it is signified as a one, highlighted yellow for simplicity. When there is a link but its not crucial, the box is highlighted orange and numbered three. Finally, when there is a direct and crucial link, nine and red are used to signify this. 
Using this we can see which requirements are of greater importance for the products function and even simplify these requirements, allowing more creative freedom in the design process. 
Some requirements, such as the food product remaining uncontaminated, although not performed by a person, is a constant requirement as from start to beginning this is a constant that needs to be maintained. 
[bookmark: _Toc218688082]	Explanation of the functional requirements
Shown in Table 3, there is several links for each requirement to each task performed. As this has occurred, there is nothing to be eliminated. However, evaluation is better represented using Figure 2.
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Figure 2 – QFD representation of importance.
The tofu remaining uncontaminated needs to be prioritised through the entire process from pre-cleaning, usage and final cleaning hence the importance involvement. as the Tofu remaining uncontaminated would be a legal requirement for commercial distribution as it is a food storage and preparation item. 
Deconstruction and reconstruction are also shown to have high importance for the cleaning process and preparation process, this also links to maintaining the food safety of the tofu, this allows for the minimising risk of accidently breakage and comprehensive cleaning. If the product was overly complicated and difficult to take apart; this encourages negligence of cleaning or customers to damage the item or themselves trying to take the product apart for the first time. Both of which put the product at risk legally and commercially. 
The result of the intended water content suggests that crucial to the design requirements is adjustable constant pressure to allow for different desired results. This confirmation of task importance as well as the importance for stand alone pressure to be consistent without use input allows shaping of possible design solutions and requirements.
[bookmark: _Toc218688083]Desing choices and concept derivation 
[bookmark: _Toc218688084]	Concept Generation in accordance with critical system functionality
Table 4 Shows means and functions giving various design options which are compatible to the defined and simplified product expectations.
	Function
	Means
	 
	 
	 
	 

	Clean any debris or dust from container  
	Chemical resistant material that can withstand standard cleaning chemicals 
	Container for storage to avoid contamination in between use 
	 
	 
	 

	Assemble the drainage and container components 
	Click and lock system 
	Threaded connection 
	Clamp/clip in place system
	Friction Lock 
	Slide together 

	Select firm or extra firm tofu 
	N/A
	 
	 
	 
	 

	Place tofu to interact with drainage system 
	On top of grate
	On hard surface, grooved for drainage 
	Fabric surface which allows fluid pass through 
	 
	 

	Assemble compressive method 
	Manual Rotational tightening clamp 
	Lashing strap with clip 
	Dual or Quadruple swing top clips 
	Elastic band stretching with hooks 
	Fabric binding, twisted until pressure is reached

	Apply force applied method to secure compression on tofu
	Clamp method 
	Binding method 
	Clipping method 
	Elastic hold 
	Twisting hold

	Liquid expels through drainage system into container
	Grooved hard plastic to allow drainage 
	Holes which allow movement in direct contact 
	Fabric acting as a kind of membrane 
	 
	 

	Monitoring of liquid presence until correct liquid content is reached 
	volume measurement on container 
	Moisture detector probe
 
	Transparent/Translucent components for visual appearance
	 
	 

	Drainage of any touching fluid 
	Valve release 
	Pouring spout
	Fourth removable tray of liquid storage 
	 
	 

	Tofu is released from pressure 
	Swing loop clamps to allow for gradual release of clips
	Removal of clips to allow bind release 
	Clamp allows for gradual loosening 
	Removal of binding
	 

	Residual fluid is drained and removed 
	Valve release 
	Pouring spout
	Fourth removable tray of liqid storage 
	 
	 

	Deconstruction of drainage and containing component
	Click and lock system 
	Threaded connection 
	Clamp/clip in place system
	Friction Lock 
	Slide together 

	Cleaning of Drainage 
	Chemical resistant material that can withstand standard cleaning chemicals 
	High temperature deformation limit to allow handwashing/dish washer safe 
	 
	 
	 

	Cleaning of Container 
	Chemical resistant material that can withstand standard cleaning chemicals 
	High temperature deformation limit to allow handwashing/dish washer safe 
	 
	 
	 

	Cleaning of Compressor 
	Chemical resistant material that can withstand standard cleaning chemicals 
	High temperature deformation limit to allow handwashing/dish washer safe 
	 
	 
	 


Table 4 – Function and means with varied appropriate options
Using colour coding; the means chosen to further this design have at least one per function, these results ensure that each expectation of the product is being performed by a part of the final design.
By organising this information in a function means table; it encourages ranging innovation and a multi solution to each issue. A secondary advantage is by planning the solutions for each component, it gives perspective of how each solution interacts with each function for example: the compression method can be applied in varied ways however a later function is the safe release of that compression. This is a large amount of elastic energy which we need to convert to kinetic energy in the safest way. 
A third advantage of organising the solutions is having to justify why a decision was made of another; we reduce the risk of ‘Tunnel vision’ and for greater priority functions; multiple solutions can be considered and decided on. 
[bookmark: _Toc218688085]	Concept Evaluation in accordance with critical system functionality
The compression method chosen is manual rotation clamp. This can be tightened and loosened periodically allowing safe energy transfer from kinetic to elastic to kinetic. For this design, to avoid warping or cracking of the hard plastic a possible solution would be an internal stainless-steel plate. This plate would allow the force to be distributed evenly, and be a food safe, temperature safe material.
The drainage method is compression between two solid plates where the excess liquid will drain through grooves and expelled when ready through pouring spouts. This will allow pressure on all six sides with only minimal pressure changes throughout the tofu ensuring a firm, consistent and even pressure on the tofu.
The assembly ability chosen is a combination of sliding, and snapping, allowing for securement when in use and fully assembled but easy deconstruction. As the tofu is pressed, liquid and residue can cover surfaces so it is imperative that these surfaces can be fully exposed and cleaned with a reasonable assumption of effort. For example, threads are difficult to clean and if residue began to build up, this could affect the performance of the product. 
The cleaning process directed to the user will be both machine washable, achieved by using a combination of temperature resident and durable plastic and metal material, and hand washed with a reasonable assumption of ability and chemical use. The finish of the materials will also allow be non-porous, easy to clean and maintain, and even be resistant to cleaning chemicals within reason. 
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Figure 3 – QFD 2 Evaluation and comparison of design solutions in comparison to functionality 
Figure 3 shows the chosen design means in comparative to the functionality of the product. It is observed to have a large interaction for each means to function which suggests a design that will fill all requirements and function in a user intended way. 
If there was a low correlation between design feature and functionality; that suggests that the design feature is inappropriate for the first design in the iterative process. This also provides ample documentation for design decisions so when reviewing and improving the design later there is a clear link between requirement to function to feature.

[bookmark: _Toc218688086]Potential failure modes with evaluation of criticality in reference to design and function 
[bookmark: _Toc218688087]	Potential issues in reference to concept generation
One of the most common issues in design is a changing specification. This document lists primary requirements as well as contextual information. These requirements are then developed and improved, context is researched, and the initial design document is formed. As the project continues; the context can change as competitors increase, new technology is discovered, and many more impacting factors. The requirements can change based on any stakeholders and product circumstance; this includes supply chain, manufacturing ability and financial conditions. 
Using a systematic process regardless of which specific process is chosen gives different advantages when these changes occur as a fundamental requirement change can be evaluated against the previous decisions and clear justification is always given. When changes are made, it’s important to understand the reasoning of the original decision and how that effects other aspects of the product so when the design goes through the iterative phase no fundamental stakeholder, function or means is lost. [6]
In ever day design engineering, the process is a team collaboration and therefore as different opinions and different working situation can cause details and information to get lost or misinterpreted; this can cause long term issues throughout the design process. The process requires meticulous documentation but my using several different comparison methods, each requirement, function, mean and stakeholder consideration must be reviewed a multitude of times. 
Contextually to the Tofu Press: as a food safe item the legality of that control and the publics push for minimisation of use of plastic and certain finishes are a constant variable. As society change and legal change occurs the material selection will change. Seeing how this change effects the operation, function and composition allow a better-informed new choice to be made.

[bookmark: _Toc218688088]Final critical design features and initial concept draft 
[bookmark: _Toc218688089]	Critical design features 
[bookmark: _Hlk218608031][image: ]
Figure 4 – Critical Design Features representation
Figure 4 offers a clear and readable interpretation of the QFD 2, highlighting the importance of each critical design feature allowing insight to which feature should be prioritised in the initial concept draft. The drainage method being the highest priority with the clamp releasing safely being a close second suggests that when designing, the manual motion of the clamp can be sacrificed and is far less important. 
This is crucial in common place engineering as finding a singular perfect solution to every project working completely compatible with each other is an unreasonable expectation, so prioritising is important. In engineering some sacrificing is necessary to complete the more crucial goal. [5]
[bookmark: _Toc218688090][bookmark: _Toc51833419]	Initial concept draft 
Figure 5 shows a basic concept draft of how a tofu press with the listed critical design features may look. This design process would continue via market research of each specific feature, allowing development and iterative design. 
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Figure 5 – Hand drawn Initial sketched concept highlighting key critical features

Primary functions have been met showing a basic shaping composition with a further view of possible drainage configuration.
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Chemical resistant material that can..
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Lovel1

[Originator

Levei2

[Tofu compressor

[Adequate space for the fofu to be easily placed without excessive Geformation or cuting

[Compression occurs with minimal strenuous physical reliance

[Compression can be maintained without constant input from the user’

Drainage Manager

Ease of access (o the luid without disrupfing the compressedtofu

Disposal of the fluid with minimal excessive mess or spillage

Product deaner

Deconstruction and reconstruction with ease of all contaminated components

The components need!o either be hand washable of machine washable without deterioration of deformation due to temperature
occurring

Final consumer

[The tofu remains uncontaminated by toxic residue or microplastics

[The tofu has a reduced luid content and can now be prepared in the desired method
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How

Clean any debris or dust from

maintainer

[Assemble the drainage and
container compoents

[Select firm or extra firm tofu

[Place tofu to interact with

drainage system

lAssemble compressive method

[Apply force appli

secure compression on tofu

o

drainage system into

CrquTTexpen

ntainer

Drainage of any touching fluid

[Tofu is released from pressure

[Residual fluid is drained and

removed

[Deconstruction of drainage and

lcontaining component

(Cleaning of Drainage

(Cleaning of Container

(Cleaning of Compressor

[Adequate space for the tofu to be easily placed ithout
excessive deformation or cutting

¢ limportance

[Compression occurs with minimal strenuous physical reliance | 6:31
[Compression can be maintained without constant input fom | g ¢
the user

Ease of access to the fluid without disrupting the compressed [ 1 ;o
tofu

Disposal of the flid with mimimal excessive mess or spilage | 16
Deconstruction and reconstruction vith ease of all w18
contaminated components

[The components need to either be hand washable or machine
washable without deterioration or deformation due to 2
temperature occuring

[The tofu remains uncontaminated by toxic residue or s
microplastics

The tofu has a reduced fluid content and can now be prepared | 1 |
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