Establishing Robust Design in Product Development through Projects Cycle of Experience

Robust Design is a very powerful tool to use during product development to minimize the sensitivity of the product performance to variations in the manufacturing condition and the variations in the environment the product is used. Robust Design has been proved to be a very good tool to mitigate the sources of variation in the product development. Some companies like Toyota or Fuji Xerox have very good success stories about how Robust Design has improved their quality in their market. These stories are very good motives for other companies to start employing Robust Design in the Product Development Processes. However, the researches on Robust Design have shown that not so many companies have succeeded to adopt and use Robust Design effectively in their product development processes. This paper intended to investigate the reasons behind these failures.
Introduction
In the second half of the twentieth century the fast and significant growth of Japanese companies and the significant improvement of their products quality created a growing attention in western companies to realize the factors behind this success. Among the investigated factors the contribution of using the methods which is known as Taguchi Methods or Robust Design in the western world revealed to be significant. Robust Design or Taguchi Methods have been successfully used in many different design problems in many different branches of engineering. The contributions of Dr.Taguchi in this respect have been very important. The introduction of Signal to Noise measure and his orthogonal arras have enormously facilitated the use of Robust Design methods for the engineers. Using Robust Design in product development can be extremely be beneficial for the companies. Antony (2002) notes the following benefits for applying Robust Design in Product Development:
· Shorter development time and consequently a better position in the market

· Achieving better product definition characteristics

· Minimizing the product sensitivity to everyday variations in manufacturing conditions
· Obtain improved product design and thereby ensuring better product quality

· Reducing the number of design changes during product development

· Maximizing the benefit-cost ratio of experimental effort

· Reducing the number of prototypes and experimental trials

· Increase the product performance

· less product sensitivity to the variations happing in components or manufacturing processes

· Reducing the warranty and maintenance costs by better product reliability

· Avoiding “desin-trial-debug-modify” cycles in product development

Difficulties in implementing Robust Design
Robust Design is a process which in the ideal case should be always considered during the product development. In this ideal case the design engineers should have a good understanding about variation and should be keen to identify any source of variation which can affect customer satisfaction. The design engineer then should be able to initiate a Robust Design project to mitigate that source of variation. However there are so many difficulties in practice that prevent a company to realize this ideal state. We analyse these problems in two levels; project level and organisational level. In investigating these difficulties we are assuming that the top management of the company is aware of benefits of Robust Design and is interested to move the company for a change to reach the ideal state.
We analyse it in two levels: Project Level, Organizational Level

	Project Level
	Organizational Level

	Connection to Customer Satisfaction

Modelling the system

Computation or experimentation
	Education and training

Management commitment

Leadership and team organization
Communication

Integration


Table1. Challenges in Implementing Robust Design
Project Level: By difficulties in the project level we are discussing about the problems or the difficulties which a team may face while having intending to solve a problem with using Robust Design. We believe that a project can fail to succeed in numerous ways and for numerous reasons. This may also includes reasons like the lack or resources or the absence of a team member. However here we just mention the most important difficulties which in regard to the specific process of Robust Design projects may slow down or fail the project. The most important ones are:
Connection to Customer Satisfaction: Variation is every where and sources of variations which could exist in production or using of a product could be found everywhere. On each of these sources of variation a Robust Design can be defined and a team can devote time and efforts to mitigate this sources of variation. However resources are limited and the producers can only afford for the projects which can affect the customer satisfaction and return could compensate the used resources. So a very well defined Robust Design project is a project which is defined because of a necessity which the variation mitigation will significantly affect the customer satisfaction. So the manufacturers should look for the variations which affect the customer satisfaction and then track the variation to its sources and define a Robust Design project to decide on how the design should be carried on to overcome this variation. However this is not an easy task and specially in complex products and in the industries which new products are introduce very often and one after another it is very difficult to figure out what variations are most affecting the customer satisfaction and where is the source of variation. 
Modelling the System: Systems are usually very complex and numerous internal and external factors are affecting its performance. However to conduct a Robust Design we need to model the system under study to make it possible to focus on the most important parameters which affect the system and to make it possible to communicate with others about the system. In robust design usually the system is modelled in a P-diagram with defining response factor, control factor, noise factors and signal factors. This modelling depending on the complexity of the system could be very easy or very difficult. The modelling is a very important first step in Robust Design which a loos model can easily turn the rest of the project to a waste. The person modelling the system should have a very complete understanding of the system and know about the purpose of Robust Design purpose. Sometimes different people model the systems differently which is because of their different understanding of the system and the parameters which they think are more important. In complex systems the limitation on the number of the people who have an overall understanding of the system and the high level of speciality which  reduces the interest of the specialists to learn about Robust Design is a team work problem.
Computation or Experimentation difficulties: The research has shown the understanding of the engineers is generally weak in statistics and it is true that the computation part of the Robust Design requires high level of statistical skills and understanding. Although there are numerous statistical softwares available in the market which makes it easier to do the statistical analysis, however to use these softwares and making sure on the validity of the statistical analysis conducted requires high level of statistical understanding. Usually engineers lack this level of understanding which makes conducting Robust Design more difficult. This understanding also is very important when it comes to experimentation. Since ususallt the experimentation is very expensive it is important to design the experiments in a manner which the number of experiments are minimized. Also it is important that the people doing the experimentation are instructed to do the experimentation which the right adjustments. It is so often happens that the experimenters are different from the ones who have design the experiments and since the settings of the experiments are not done properly the whole experiments turn to a waste.
Organizational Level: For an organization which is interested to increase the robustness of its products the ideal case as it was stated is where the design teams naturally consider Robust Design as a design tool and are keen to find sources of variation which their mitigation would increase the product Robustness. To reach these state organizations may implement different programs to reach to his state. However generally the following difficulties are quite common for these organizations to face:
Education and Training: To be able to implement Robust Design most organization requires a kind of education and training about Robust Design. Here there are several questions: who should be trained, how long the training and what should be the content the training. Concerning who should be trained, due to the Robust Design characteristics the design engineers who are closely working on developing systems should be at least be trained to know about the objectives of Robust Design. Since as it was mentioned in the project part only people with a comprehensive knowledge of the system can model the system. However the problem is that usually these people are very busy and it is difficult to make them interested to be in training. In addition the general engineering education does not cover that much about statistical methods. This makes learning Robust Design very difficult for the engineers whom have even forgot their university statistical knowledge after some years working in industry. The important thing is that there must be some experts who can take care of the education and training activities as well as give the advice when the questions occur
Management Commitment: Like other improvement efforts, RD deployment need strong support from middle and top management levels in the organization. It can be very difficult for the employees to work in this framework if their managers are not committed to and supporting Robust Design activities.The strong support and involvement from top management is critical for success of Robust Design implementation in the organization. In Nissan, it was proved that the bottom-up approach to RD deployment is not efficient. Even though, most of the activities in the Robust Design are done by the engineers in the lower levels of the organization pyramid. Moreover from the experiences of Fuji Xerox, it shows that even if some engineers succeed in applying RD to their work, while the top management do not express his/her interests in the activities, then their activities can easily become inactive as time pass by. Therefore it is essential for the RD activities to continually receive exercises of interest from the top management.

Leadership and Team Organization: Someone needs to be selected as a leader or driver of the activities in RD. This person, preferably a manager with good leadership skills, should be very motivated and also able to motivate others. This person should him/herself be skillful in Robust Design tools. The deployment team should be a cross-functional team with members as representatives of different departments and should be a mixture of personalities and talents. All of the deployment tasks should be divided and shared with each team member. Each team member should be fully accountable for his/her parts as well as the understanding of the ‘big picture’. Moreover, as a cross-functional team, which comes from every part of the organization, each team member should acknowledge and communicate Robust Design meaning and objectives throughout the entire organization.

Communication: Every individual throughout the organization should receive the same messages with the exact same meaning. This is the responsibility of the cross-functional team. Some of words and phrases should be explained such as ‘Robustness’, ‘Robust Design’, ‘Optimization’ and ‘Variability’. Everybody in the organization must be able to use different communication channels to share relevant knowledge and lessons learnt.  Robust Design effort requires that the flow of information to be clear, precise and timely. The message from top management in support and interests in RD has to be shown both in organization documents, and his words. The success story should be shown visually using figures and pictures, which clearly demonstrate the capabilities of RD.  One good way for increasing the communications in the company is to continuously and frequently conduct meetings in order to ensure everybody have the same understanding of Robust Design and discuss about the implementation plans and reporting the progress of RD applications.
Integration: Normally, in a company, there are many quality programs running at the same time, Taguchi et al (2005). It has been proven that Robust Design enhances the other programs which it works with them and maximizes the efficiency of them. It is essential that all these tools and methods including RD be integrated with each other to reach the most possible rewarding results.

Learning Cycles
Our purpose by mentioning all these difficulties in implementing Robust Design I not to come up with a final solution which every company can use and overcome all these problems. In fact reviewing the above mentioned difficulties all highlight the fact that the extent and the characteristics of each difficulty mentioned above is very dependent on each company environment. Therefore each company should seek to find his own solution for these problems. However creating a dynamic in the organization to experience and learn from projects can be a very good way to find solutions to these difficulties.   
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