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ABSTRACT

This research paper expands upon prior research into the pursuit of the successful new product launch.  It reviews the evolution of how new product launches were handled in the past and the best practices used today.  Prior research on this subject introduced Value Stream segmentation with focus on customer needs as an improvement opportunity over current new product launch practices.  The concept of “value stream segmentation” is how a company should use value stream mapping to streamline its processes to achieve a successful new product launch.  By analyzing and segmenting a project, a business that is truly demand driven will optimize individual value streams to match its customer’s unique needs.  Value stream segmentation is a strategic process for analyzing and understanding different customer requirements within a value stream. It helps an organization to define and implement product features and service offerings by aligning them to the customer expectations.  Through the use of value stream mapping (VSM) the analysis of the current state can be conducted and a redesign of a desired future state can be developed.  It helps a team to organize series of events that take a product or service from its beginning through to the customer in less time and waste.  The current state of automotive new product development is plagued with recalls.  This is a direct result of not aligning a products feature to the customer expectations.  In this research paper, the VSM method will be expanded upon as a tool to be used in the future approach of product development to reverse the current trend of automotive recalls.
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CHAPTER 1 INTRODUCTION AND GENERAL INFORMATION
This research builds upon prior work conducted by Ken Koenemann.  He investigated the problems U.S. manufacturers have faced when introducing new products to the market. Mr. Koenemann introduced Value Stream Mapping as a method to improve the introduction results of new products.  Over the past 20 years of being an automotive engineer, the author of this thesis has had the opportunity to be a part of several new product launches at the plant level.  Therefore, one can relate to what Mr. Koenemann is stating about the problems faced by manufacturers introducing new products to market.  In every new product launch except one, the new product was still being developed as we were trying to launch it at the plant level.  This led to late design validation testing, late process validation, late plant equipment installation, late tooling and component part obsolescence.  The one exception was in late 2008 thru 2009 when the United States economic crisis occurred.  During this time, the OEM that was being supplied went to a four day work week.  Therefore, we had Friday to dedicate to our new product launch.  What a change.  It seemed like overnight we had time and resources to do the job right the first time.  This one successful new product launch was a welcome relief to what had become the norm of stressful launches.  The ultimate outcome of the normal automotive new product launch can be seen in our past and current automotive recalls.  There are no winners in recalls.  The consumer can be hurt, the OEM’s reputation is damaged and millions if not billions of dollars are lost.  A wise person once stated that the definition of insanity was doing the same thing over and over and expecting a different result (Albert Einstein 1879 -1955).  Therefore, let’s stop the “automotive insanity”.  To do this we must get our act together from the beginning at product development.  
1.1 Sources of Automotive Recalls

In the above introduction we mentioned that in recent years we have noted an increasing trend in automotive recalls. However, further research is needed to evaluate why there is an increase in the amount of automotive recalls. To start we must determine the reasons for automotive recalls. A good place to start is the evaluation of field returns.  There are three primary reasons for product failures: 

· Design shortcomings

· Production variation 

· Consumer abuse 
Based off experience of analyzing product field failures, it is clear that the first two reasons are the majority of the cause for field failures. It should also be noted that these two causes have the most improvement opportunity.  To address production variation we can utilize, from the fields of applied mathematics and statistics, quantitative methods for predicting product performance and for predicting the output from manufacturing processes.  The concept is that if a manufacturer can predict performance, then that manufacturer can also prevent poor performance.  Poor performance of a new product can also be contributed to design shortcomings or flaws (Steven Wachs 2015).  It is the intention of this thesis to explore the improvement opportunities to reduce warranty recalls due to design flaws via the implementation of the Value Stream Mapping methodology.  Unfortunately, many current automotive manufacturers needlessly suffer from failed new product launches, high internal scrap, and premature failures in the marketplace because they are not taking the necessary steps to predict performance and prevent field failure (Steven Wachs 2015).  We are all smart enough to know that all automotive companies and their suppliers do not conduct business in a manner to intentionally cause automotive recalls.  However, we need to further explore our current state from a thousand foot view.  View the forest for the trees from an overall automotive industry standpoint as it relates to recalls.  We know the number of automotive recalls is increasing.  We know that the timing for new product development has been reduced and we know that top management gives incentives to subordinates to reduce cost and timing.  They even coined the phrase “Lean Manufacturing” to give credence to this methodology.  It is the basic assumption that everyone works as a team towards a common goal.  However, we have infighting and people with short term goals that affect a company for the long term.  It is the elephant in the room that no one wants to talk about.  We have created an environment that is counterproductive to the aspirations of lean manufacturing.  However, one may say we have always had the above constraints in one form or another.  What else is going on? 
1.2 Auto Industry Systemic Influences
The most complex challenges automakers face are summarized in Figure 1 (Michael Schwarz 2008).  The challenges are broken out into four categories.  They are external, customer, competition and industry.  The automotive industry has had to adapt to face these challenges.  The problem lies in that in some cases one may say that these influences have contributed to the rise in automotive recalls.  A more in depth investigation into these systemic influences is explored in more detail in the sections below.  The sections below also detail what the automotive industry has done in order to adapt to these systemic influences.
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Figure 1 Auto Industry Trends and Challenges
The above figure 1 of automotive industry trends and challenges give us that thousand foot view of the industry that was talked about earlier.  One of the external influences that figure 1 refers to is legislation. One particular piece of legislation in the U.S. called the TREAD Act changed the automotive recall landscape.   The federal TREAD Act was passed in the year 2000.  Before the TREAD Act, federal law required that automakers issue a recall only when a consumer reported a problem.  The TREAD Act requires that companies identify potential problems and promptly notify the National Highway Traffic Safety Administration (NHTSA). This has caused many automakers to act before the government receives a consumer report. To turn a blind eye toward a recall, an automotive manufacturer exposes themselves to heavy fines, consumer lawsuits, and a tarnished reputation that damages sales.  However, fixing every potential safety issue can mean wasting valuable time and large sums of money.  Therefore, it is clear that the motivation is to avoid future litigation. However under closer examination of the reasons for the recalls, it was found that many recalls are for minor issues that might be handled at the owner's convenience and don't pose an immediate safety risk (Ben Willer April 2013). 
1.2.1 Auto Industry Uneven Growth Demand Trend Influence

To further investigate the external influences on the automotive industry one must be knowledgeable of current supply and demand trends (Michael Schwarz 2008).  
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Figure 2 Supply and Demand Trends
From figure 2, the demand trend described as uneven growth refers to demand growth in developing markets of China, India, and Eastern Europe. However, in established automotive markets such as in the United States, Western Europe, and Japan the demand is flat or declining. This uneven growth creates a motivating factor for the OEMs and their tier-1 suppliers to establish a local presence to benefit from these new growth opportunities in emerging economies. They must also tap into the local supply base to take advantage of cost levels and to fulfill local content requirements. At the same time, they must integrate local operations into their global supply chain management systems and programs.  The introduction of new operations can add strain on an organization’s resources and pose opportunities for quality spills.  Resources are needed to help manage these newly sourced processes from local suppliers and align them with the OEM’s and their tier 1 global quality-assurance guidelines and procedures (Michael Schwarz 2008). 

1.2.2 Auto Industry Fragmented Demand Trend Influence

The demand trend defined as fragmentation in figure 2 refers to traditional car segments such as sedans, vans, hatchbacks, and pick-up trucks that are fragmenting into groups.  This is due to a combination of customer demand for personalization and the manufacturers answering this call from new customer segments.  This is causing automakers to grow their product mix. The environmental or green initiative movement is also encouraging fragmentation even further.  Automakers are shifting demand away from large high fuel consumption vehicles to smaller and more fuel efficient cars.  Automakers have taken measures to control the cost associated with the fragmentation trend by establishing component platforms, modules and component sharing across models and brands.  However the sharing of common components across different model vehicles contributes to the increasing trend of automotive recalls. Despite these measures to control incremental costs resulting from fragmentation, the segmentation results in a more complex supply chain that needs to be managed. Hence, the supply chain requires integrated capabilities and flexible tools based on real-time information to address this increasing complexity.  Again, this introduces a strain on available resources (Michael Schwarz 2008). 
1.2.3 Auto Industry Accelerated Volatility Demand Trend Influence

The accelerated volatility demand trend described in figure 2 refers to what sells well today may lose ground within as little as two years. Therefore, shifts in customer demand from product to product, from brand to brand, and from segment to segment are accelerating. In general the consumers have more choices than before, want more personalization, and enter the showroom better informed. As a result, the consumer loyalty is decreasing across all segments and across all manufacturers. In an effort to adapt, the automotive manufacturers must cater to these shifts through quicker responsiveness and overall flexibility. In the past, it was enough merely to set up the supply chain when launching a new product and then make a few changes to it over the product’s lifecycle. Today, a higher degree of flexibility and responsiveness must be built in up front so that suppliers can react quickly when overall product volumes are not in line with the forecasted plan. This is also a contributor to the straining of available resources (Michael Schwarz 2008). 
1.2.4 Auto Industry Aftermarket Demand Trend Influence

The figure 2 above references aftermarket as a demand trend.  The aftermarket business is often a somewhat neglected area.  However, the aftermarket business typically generates the largest share of OEM and dealer profits. The Aftermarket demand trend depends on processes and IT systems that let manufacturers track product in the following areas:
· Sales—which product is selling, and at which price?

· Channels—through which channels is product being sold?

· Replenishment—what are the products’ replenishment cycles?

· Customers—which kinds of customers are buying which kinds of products?

Creating transparency in the aftermarket business both in sales and in operations of the business is an important way for automakers to defend this source of revenue against independent parts and service suppliers (Michael Schwarz 2008). 

1.2.5 Auto Industry Differentiated Outsourcing Demand Trend Influence

The concept of differentiated outsourcing in the automotive industry as described in figure 2 will continue. Differences in labor costs and disadvantages in scope are influencing this trend. Outsourcing will create opportunities for both automotive suppliers and supply chain management providers.  Where there are changes there are opportunities.  Logistics companies and IT firms will be able to expand their businesses into areas of preassembly, management and quality control. To benefit from continued outsourcing, supply chain management providers must offer flexible, modular solutions because not every manufacturer will concentrate on the same core capabilities and functions (Michael Schwarz 2008).
1.2.6 Auto Industry Low Cost Country Sourcing Demand Trend Influence

The auto industry will continue to source to low cost countries as manufacturers and suppliers continue to complement their commodities with more complex products and services as described in figure 2. However, the lowest price should not be the sole deciding factor.  Automakers and suppliers must look at the total cost of sourcing which includes logistics, quality, and management cost. This approach is referred to as “best-cost-country” sourcing.  For supply chain management providers this represents another opportunity.  An organization needs to encourage, enable, manage, and optimize sourcing to help reduce the strain on automotive manufacturer resources (Michael Schwarz 2008).
1.2.7 Auto Industry Risk Management Demand Trend Influence

Due to natural disasters, terrorism, workforce issues, and level of dependence on partners, most manufacturers agree that their supply chain risk have increased in recent years.  Therefore, the automotive manufacturer is required to have strong capabilities in risk management as described in figure 2. Manufacturers and their suppliers must account for supply chain alternatives in their overall supply chain strategy. Increased transparency based on real-time information allows them to identify risks early and manage it. This represents another opportunity for supply chain management providers to expand their value-added services and reduce the strain on the manufacturer resources. They have the opportunity to become risk-mitigation agents by ensuring the required transparency (Michael Schwarz 2008).
1.2.8 Auto Industry Transparency & Accountability Demand Trend Influence

As one can see from the above details, business operations are becoming more complex and global. Supply chains are turning into complex supply networks. As a consequence, auto manufacturers and suppliers need transparency and accountability across the entire supply network. A near real time information flow based on a sensor driven supply chain across the extended enterprise is in high demand. There should be two way information flows between suppliers and their customers.  This will ensure better and faster interactions within enterprises. At the same time, there is a focus on security across this complex information network which is led by the need to manage risk. The supply network has become very complex globally and is optimized to the penny.  Due to this, automakers and suppliers cannot afford to go after breakdowns in the supply chain.  Their providers must deliver performance and output in a transparent manner.  These providers are now held accountable much more stringently than in the past, and are at risk when it comes to paying high penalties in case of nonperformance (Michael Schwarz 2008).
1.3 Summary and Thesis Roadmap

Chapter 1 focused on the current automotive recall situation and posed that there are three major reasons for recalls. It gave a brief insight on how the two major automotive recall causes, manufacturing variation and design shortcomings, can be addressed.  The method of statistical process control (SPC) to control manufacturing variation is well documented in the automotive industry but not well utilized.  However, the method to control design shortcomings or flaws is not so well documented.  Chapter 1 made mention that design flaws can be reduced via the utilization of Value Stream Mapping (VSM) at the new product development stage of a project.  This concept will be further explored later in this thesis.  Chapter 1 also gave an automotive industry systemic overview.  It gave insights into the external influences affecting the industry and how the industry reacted to those external influences.  Chapter 2 gives a literature review that evaluates the past and current new product development processes.  It exposes the problems with the present new product development processes.   As an improvement alternative, the Value Stream Mapping (VSM) methodology is described in the following problem statement, problem objective and problem formulation.  Chapter 3 presents the general solution methodology of the VSM method in two categories of new product development.  They are Lean Product Development Flow (LPDF) and Integrated Concurrent Engineering (ICE).  The solution algorithm is developed and later a detailed solution methodology of the VSM utilization in new product development launches is presented.  Chapter 4 expands the VSM utilization as a program management tool that can be used to predict trouble areas of the project prior to the target timing being missed.  Chapter 5 expands upon the VSM methodology by its utilization to address a case study scenario.  Chapter 6 gives the conclusion of the research and presents future opportunities for further research.
CHAPTER 2 LITERATURE REVIEW AND PROBLEM DEFINITION
In Chapter 1 we reviewed the current state of challenges of the automotive industry that are contributing to the rise in automotive recalls. To know where we need to be, we must first know where we have been.  The traditional “phased review” process of the 1960s thru the 80s was endorsed by NASA and others.  It broke the innovation process into stages.  Each stage reported to a function or a department.  It was implemented with the best of intentions but the process managed to almost double the length of developments.  Why? The process was designed like a relay race.   The activities were completed in a sequence rather than in parallel. There were hand offs throughout the process.  One function passed the project on to the next department.  Once the prior departmental function was completed and handed off, there was no more commitment to the project.  Therefore, there was no commitment to the project from the beginning to end by any one group (Wikipedia 2012).   As a result, accountability was missing.  In figure 3 below a typical phase approach is outlined (Project Connections 2015).
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Figure 3 Phase Method
Today’s Stage-Gate system is built for speed. The Stage-Gate system utilizes a cross functional team and is not dominated by a single functional area.  This is a business process and not an R&D or Marketing process. The project pace is rapid with activities occurring in parallel rather than in series. The overall governing process is clear. There are defined gates and criteria for efficient timely decision making.  The project is executed by a dedicated and empowered team of players that is led by an entrepreneurial team leader or team captain.  In figure 4 below, a diagram of the different Stage Gate launch options that are available to be utilized is shown.  However, one must call your attention to the Stage Gate Xpress and Stage Gate Lite (Robert Cooper 2008).  These two approaches have become the launch norm within the automotive community.  As one can see, the timing for the launch is drastically compressed.  This time constraint acts as the catalyst for the before mentioned “automotive insanity”. 
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Figure 4 Stage Gate Method
The Stage Gate method has proven to be a better time managed approach to product development but misses a key factor at play.  It utilizes the “Traditional Supply Chain Model” that assumes all customers to be the same.  There is also a tendency to rush to the finish line and cut corners if needed to meet targeted timing and metrics.  The results are the before mentioned automotive recall scenario.  Figure 5 below graphically demonstrates the restrictions associated with the Stage Gate method.
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Figure 5 Supply Chain Model
In figure 5 it should be pointed out that the Supply Chain Model can be used to show the restriction of the current state on new product development.  For instance, the customers on the left are the automotive customers like GM and Ford.  The factory depicted is the Design Development Department of a supplier of an automotive component.  The distribution center is the prototype lab that is used to make preproduction components.  The customer on the right is again the automotive customer (Ken Koenemann 2011).
The utilization of the Value Stream Mapping (VSM) methodology can help improve the shortcomings of the Stage-Gate system as it relates to the unsuccessful launch of a new product development project.  It is a visual tool to help represent graphically or in a narrative form the process flow of information and material that is associated with a projects beginning onto its end.  It helps to visualize the non-value added (NVA) activities such as waste of time, effort and movement that occurs in a process by providing a linkage between the information flow and the material flow in the value stream.  This research focuses on meeting the customer’s unique needs at the product development stage of the launch process through the utilization of Value Stream Mapping (VSM).   The research will show that VSM can lead product development to more reliable products and reverse the trend of automotive recalls.  Figure 6 spells out the challenge to utilizing Value Stream Mapping is seeing the value stream.  This is the case at every stage or phase of any project (Ken Koenemann 2011). 
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Figure 6 Value Stream Challenge
The utilization of the Value Stream Mapping (VSM) methodology is not the only research that is being conducted to address the problems with new product development.  The next generation of new product development methodology will be an evolution of the current Stage Gate method in which VSM can be a valuable part.  However, there is a push to scale the Stage Gate method to suit the risk of the project.  Thereby as the risk of the project decreases, the number of gates for approval is reduced.  To add flexibility into the current Stage Gate method, simultaneous execution is being introduced.  This is where there will be overlapping of stages and not waiting for all the information before deciding to proceed or not.  A concept called Spiral Development, which utilizes a build–test–feedback and revise loop throughout the stages, is also being researched.  This concept allows for continuing design modifications based off the information loop described.  There is also research into which criteria, metric or scorecard should be used to measure the acceptance or rejection of a project (Dr. Robert Cooper 2008).  However, all of these other future innovations to the Stage Gate method are reactive and not preventative.  Therefore, the Value Stream Mapping methodology was chosen for further research because it addresses waste due to non-value added activities.  If used effectively, it can be a powerful tool to aid in the reduction of automotive recalls.     
2.1 Driving Force of Problem

Now that we have evaluated the external influences and trends within the automotive industry, let’s explore how the automotive manufacturers have reacted to meet the demand trends of today.  The Stage Gate Xpress and Stage Gate Lite approaches to a new product launch have become the launch norm within the automotive community as described in Chapter 1.  The before mentioned time constraint and external industry influences act as the catalyst for the before mentioned “automotive insanity”.  There is a driving force within the automotive community to be first to market, manufacture products as inexpensive as possible and maximize profits.   This is the foundation of our capitalistic society in the United States.  However, to reap the before mentioned fruits of our capitalistic society we must control our processes.   The increasing trend of automotive recalls is a clear indicator that we have lost control from a systemic point within the automotive community.  Even the Japanese have not been immune to the recalls.  The Japanese rose to the top ranks of automotive manufacturers because they implemented Deming’s concepts for manufacturing into their automotive facilities.
The generation of Japanese that were either in WWII or were children during the war became the leaders within automotive companies.  These individuals were conditioned via their culture to be disciplined and pay attention to detail.  They were also regimented in their hierarchy approach to management.  To give you an example, there was once a Japanese automotive supplier which had a plant manager that was a child during WWII.  This Japanese Plant Manager had a young American engineer and he was trying to get a projection welder qualified for production.  However, he was having difficulties getting the weld schedule correct so his test parts would pass all the destructive testing necessary.  The young engineer went to his immediate Japanese boss and he conducted test with samples made with his bosses suggested changes.  Again he failed and went back to his boss for further instruction.  His boss referred him to another Japanese manager for recommendations.  The second Japanese manager stated that if there were no improvements with his recommended changes, then they must go to the Japanese Plant Manager for further instruction.  The young engineer conducted more test with the suggested change to the weld schedule and had repeat failures.  However instead of going back to his boss, he went to the Japanese Plant Manager directly.  That was a mistake.  As soon as he had told the Plant Manager his issues, the Plant Manager went to the hallway and started yelling something in Japanese.  Within one minute, there were 10 Japanese in the Plant Managers office including his boss.  They were all in the floor reviewing the test samples that had been made available.  Then the Plant Manager singled out the young engineer’s boss and they had a discussion in Japanese.  The young engineer could tell by the expression on his bosses face that it was not a pleasant conversation.  After the smoke settled, the young engineer asked his boss what the Plant Manager had said.  The young engineer was surprised to find out that the Plant Manager told his boss that if he ever bypassed the chain of command again that his boss would be sent home to Japan in disgrace.  His boss would be given a desk and nothing to do.  The Plant Manager commanded such respect because he was a man of great experience and knowledge within the company.  He did not rise to the top through sales but through Manufacturing Engineering.  Fifteen years later that same young engineer, that isn’t young anymore, went back to work at the same facility.  However, much had changed.  It was still Japanese owned but all the older generation of Japanese had retired.  They were replaced with younger Japanese.  The Japanese Plant Manager was not from Manufacturing Engineering but came up through Logistics.  This facility went from being a very efficient and disciplined facility to one that needed a complete overhaul within 15 years (Richard Vaughn 2015).  What had changed?  We have reviewed the external influences and challenges to the automotive industry in Chapter 1 but what about the boots on the ground at the manufacturing sites of the OEM and their suppliers?  In this thesis this question will be addressed by evaluating a case study detailed in Chapter 5 below.   First a fishbone diagram to identify the potential root causes will be utilized. Once the potential root causes are identified a 5 why analysis will be conducted to isolate root cause.
2.2 Problem Statement

In the introduction of this research paper a cry went out to stop the “automotive insanity”.  It was pointed out that our current method of new product development and launch is a business process.   Therefore, there is a tendency to rush to the finish line and cut corners if needed.  The results are the before mentioned automotive recalls.  The below trend figures of recall statistics indicate that the need for a better approach to new product development and launch is overdue.  Figure 7 and 8 show an increasing trend in automotive recalls.  If one looks closely to figure 8, you will see that in 1981 there was a sizable recall. From the Literature Review section of this thesis, it was pointed out that there was a transition in the 1980’s from a phase to a stage gate approach to product launches.  Is this a coincidence?  To reverse the trend in automotive recalls we must get our act together from the beginning at product development (National Highway Traffic Safety Administration 2014).
[image: image7.png]2011 15,500,000
2010 20,000,000
2009 15,200,000
2008 8,600,000

2004 14,353,000
2003 19,098,000
2002 18,435,000
2001 13,626,000
2000 24,646,000
1999 19,376,000
1998 17,164,000
1997 14712,000
1996 17,826,000
1995 18,121,000
1994 202,000

1993 8,408,000





Figure 7 Recall Quantity Year by Year
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Figure 8 Recall Quantity (Model & Injury)
To have a successful launch we must manage two critical aspects.  These aspects are time and resources.  This paper focuses on these two critical aspects.  If all a projects time is used up during the design phase of a project, all the activities downstream are jeopardized.  The same can be stated about the managing of resources.  If no resources are allocated, time will be wasted on waiting for resources to do the job.  One of the biggest mistakes in the automotive industry is the use of shared resources to the point of abuse.  At the plant level the same engineer must run and maintain the current process.  Then that person must also launch the new product while still maintaining the current process.  It has become jokingly referred to at the plant level as the “Corporate Lean Manufacturing Concept”. From this one must digress and focus back on stopping the “automotive insanity”.  To do this, we have evaluated our past and current new product launch approaches.  Now we must put our sight on the future and improving new product development launches. We must also think outside the box and look at other industries for benchmarks.  From this research an innovative new product launch approach using Value Stream Mapping (VSM) will be presented as a viable option to move automotive manufacturing forward.
2.3 Objective

One objective of this thesis is to explore the evolutionary path of new product development within the automotive industry and establish our current state within the automotive industry as it relates to new product development.  It is also an objective of this thesis to present Value Stream Mapping (VSM) as a viable tool to be used during new product development in the automotive industry.  To demonstrate VSM as a systematic approach to Product Development, one must first know what are value streams?  A value stream is the collection of all of the value-added and non-value-added activities that generate the product or service that is required to meet the customer’s needs. A value stream map illustrates the flow of materials and information as the product or service moves through the process. A current-state value stream map identifies waste and helps the team to envision an improved future state. This methodology is used when it is needed to identify (Minitab 2010):
· Overproduction

· Waiting

· Transportation

· Inventory

· Motion

· Over-processing

· Defects

· Improper use of human intellect

This methodology also allows the team to answer questions such as (Minitab 2010):

· What does the current process look like?

· How does value flow through the process?

· What steps in the process add value and what steps do not add value?

· What are the sources of the waste in the value stream?

· What areas of the process need the most improvement?

The incorporation of VSM with project management tools such as the critical path method (CPM) will be used to demonstrate a reduction in project lead time and improve the product reliability.  An Excel algorithm will be created that utilizes the Value Stream Mapping method as a tool for project development management.  It will be used to establish lead times for the projects broken down into 2 categories.  The categories are:
· Lean Product Development Flow (LPDF):  It is intended for “smaller design programs based on a high degree of legacy knowledge, with predominantly mature technologies.
· Integrated Concurrent Engineering (ICE):  Assumes the use of a database design development of the product.  It is intended for new products and technologies.
2.4 Problem Formulation

One of the major drawbacks of today’s Stage Gate method for product development is that it utilizes the “Traditional Supply Chain Model” that assumes all customers to be the same.  It forces the suppliers to rush through developmental testing and white wash the results to emphasize the positive and down play the negative.  It puts more emphasis on completing testing on time, than performing the correct test to show informative results. How can this statement be validated?  Below in figure 9, Stout Risius Ross (SRR) conducted data analysis for the Society of Automotive Analysis (SAA) to measure the effect of new model and platform changes on the recall trend.  The below figure indicates that based on their analysis 
there is a 64 % chance that there will be a recall result from either a model or platform change (Neil Steinkamp and Jake Reed 2013). 

The data in Figure 9 below can be further evaluated to determine the significant effects that new model or platform changes have on the current recall trends through a linear regression analysis.  Below in figure 10, you will find the linear regression chart showing the data from figure 9.  It shows data for vehicles in which model and platform start dates were determined and compared it to the models for which recalls occurred for the first model year.  The chart shows a linear correlation between the independent variable of new models and platform changes versus the dependent variable of recalls occurring for the first model year.
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Figure 10 Linear Regression Chart of Impact of New Model & Platform Changes on Recall Trend
The one way ANOVA analysis below in figure 11 shows that the F significance is less than a .05 level of significance.  The F significance of this model is .01 which indicates that there is approximately a 1% probability that the correlation between the data is just by chance.  Therefore, if the significance is .05 or less, the model is considered significant and that there is a direct correlation between new model and platform changes to automotive recalls (Stattrek 2015).
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Figure 11 ANOVA Results of New Model & Platform Changes on Recall Trend
It can also be shown from a recent OEM 2015 training campaign, that OEM’s recognize the pressure to complete a gate or metric as a major catalyst to the increased recall trend.  In their training course, the automaker recognized that accountability is needed to not close potential safety concerns just to meet a gate or metrics (General Motors 2015).  Please see figure 12 below for clarification.
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Figure 12 OEM Training Slide Related to Recalls


2.5 Summary

Section 2.1 gave an example of how the automotive industry providers have digressed over the years as a result of the internal and external influences expressed in chapter 1.  In section 2.2 the problem statement rolled out the extent of the automotive recall problem via statistical analysis shown in figure 7 and 8.  The objective of this thesis was made clear in section 2.3 in which the improvement potential of the VSM methodology will be demonstrated on new product development projects with the LPDF and ICE profile.  The problem formulation in section 2.4 expanded upon previous data analysis to further show that the majority of automotive recalls can be traced directly back to new model or platform changes within the automotive industry.  Also, Chapter 2 incorporated in the literature review the past and present automotive industry approaches to new product development.  It described the Phase approach as plagued with a lack of accountability and extended launch time due to its relay race methodology.  Our current method of new product launch, the Stage Gate approach, is an improvement over the Phase approach.  However, it falls short of its potential due to its utilization of the traditional supply chain model where each customer is considered to be the same.  To bridge the gap between the current and future new product development approaches, the Value Stream Mapping (VSM) methodology is introduced as a means to move the automotive industry forward to a future state of successful new product development.   



CHAPTER 3 GENERAL SOLUTION METHODOLOGY
Value stream mapping (VSM) is a lean-management method for analyzing the current state and designing a future state for the series of events that take a product or service from its beginning through to the customer. The solution methodology will be to incorporate VSM with project management tools such as critical path method (CPM) to reduce project lead time.  Thereby, allowing an organization time for proper product reliability testing.  The result of such an approach will be less automotive recalls because time has been utilized more effectively.  To aid in this endeavor, an Excel algorithm will be created that utilizes the Value Stream Mapping method as a tool for project development management.  It will be used to establish lead times for the projects broken down into two categories.  The categories are:
Lean Product Development Flow (LPDF):  It is intended for “smaller design programs based on a high degree of legacy knowledge, with predominantly mature technologies (Bohdan Oppenheim 2003).
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Figure 13 Schematic of LPDF
Integrated Concurrent Engineering (ICE):  Assumes the use of a database during design development of the product.  It is intended for new products and technologies (John Kunz 2013).
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Figure 14 Schematic of ICE
The concept of incorporating VSM at product development is to establish what adds value and gives the customer what is needed to assure a successful launch.  The idea is that when a supplier is developing a product and focuses on what is value added the correct evaluation of the product will be conducted.  As a result, a reversal of the recall trend will occur over time.

3.1 Development of the Algorithm

As mentioned before, the objective of this research is to demonstrate a systematic approach to Product Development using Value Stream Mapping (VSM).   An Excel algorithm will be created that utilizes the Value Stream Mapping method as a tool for project development management of projects broken down into two categories.  As described previously above, the two categories are Lean Product Development Flow (LPDF) and Integrated Concurrent Engineering (ICE).  To accomplish this, one must first have a basic knowledge of the Value Stream Method and how it is developed.
Value Stream Methodology:
· Planning and preparation. Identify the target product family or service. Create a charter, define the problem, set the goals and objectives, and select the mapping team. Socialize the charter with the leadership team.

· Draw while on the shop floor a current state value stream map, which shows the current steps, delays, and information flows required to deliver the target product or service. This may be a production flow (raw materials to consumer) or a design flow (concept to launch). There are standard symbols for representing supply chain entities.

· Assess the current state value stream map in terms of creating flow by eliminating waste.

· Draw a future state value stream map.

· Work toward the future state condition.

To create the Value Stream Map (VSM) the value-adding steps must be drawn across the center of the map and the non-value-adding steps are to be represented in vertical lines at right angles to the value stream. Therefore, the activities become easily separated into the value stream.   The value stream process and the non-value streams are now easily visible by operation. The concept here is that the non-value-adding steps are closely associated with the person or machine/workstation that executes that value-adding step. Therefore, each vertical line is the story of a person or workstation and the horizontal line of the value stream represents the story of the product being created.  The non-value streams are the opportunities that the mapping team has to eliminate waste (Ingrid Fritz ell and Gustav Goransson  2012).  By eliminating the waste, efficiency and reliability in the product being made is improved.  The focus of this research is on the reduction of risk as it relates to new product development projects within the two categories ICE and LPDF described above.  The risk being reduced is the likelihood of a product recall as a result of a design flaw.  The value to be realized from Product Development is information, knowledge and a reduction of risk as shown in figure 15 below.  From this accumulation of information, management will base fundamental project decisions.  The difficulty is measuring completion (Hugh McManus 2005).  That is where the Excel algorithm that utilizes the Value Stream Mapping method as a tool for project development management comes into play.  A key metrics associated with value stream mapping are the value added times and no value added times. Value added times are called lead time.
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Figure 15 Value to Risk Reduction Chart for Product Development Value Stream Mapping (PDVSM)
This research will lead to the development of a project algorithm using CPM as a tool to establish lead times for the projects broken down into two categories.  The categories are Integrated Concurrent Engineering (ICE) which assumes the use of a database during design development of a product.  It is intended for new products and technologies.  The second category is Lean Product Development Flow (LPDF).  It is intended for smaller design programs based on a high degree of legacy knowledge, with predominantly mature technologies. 
When conducting an Integrated Concurrent Engineering (ICE) type project there are two coordination latencies in which a value stream map can help reduce.  Latency is a time interval between the stimulation and response (Wikipedia 2015).  It is the time delay between the cause and the effect of some physical change in the system being observed.  The latency within an ICE project is as follows:

· Response latency = Time from a designer posing a question to receipt of a useful answer. 
· Decision latency = Time from receiving useful information to making a decision with it. 

From figure 16 below, a comparison between traditional vs. ICE latencies can be
evaluated.  The difference in time spent for analysis is astronomical.  We go from months to days with the utilization of an ICE approach (John Kunz 2013).
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Figure 16 Traditional vs. ICE Latency
The Integrated Concurrent Engineering (ICE) product development approach dramatically cuts time and latency as follows:
· Reduces latency from days to minutes 

· Direct work tasks must run in minutes 

· Enables radically decreased project duration 

· Researchers, practitioners report improved cost, quality 

· Requires high reliability (> 99%) latency: one major latency source jeopardizes project success 

· New organizational form

As with any design development approach, ICE requires latency management. 

Currently an ICE type project is managed via the project management tools shown in figure 17 that enables an ICE Project (John Kunz 2013).
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Figure 17 Methods to Enable an ICE Project
3.2 Steps to VSM Utilization in a New Product Launch

Up to this point we have given an overview of the approach to incorporate VSM as a program management tool to improve new product develop effectiveness.  Now let’s explore this new methodology in fundamental steps in more detail for a new product development project.  The new development project can either be for an Integrated Concurrent Engineering (ICE) or Lean Product Development Flow (LPDF).  The steps utilizing the Value Stream Mapping methodology in a new product launch will be the same for both the Integrated Concurrent Engineering (ICE) and Lean Product Development Flow (LPDF) type projects.  However, it will be shown later in Chapter 4 that the Lean Product Development Flow (LPDF) type project may have less operations.  This is because Lean Product Development Flow (LPDF) type projects are based off legacy knowledge and predominantly mature technologies.  The steps to Value Stream Mapping utilization in a new product launch are detailed in figure 18 below:
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3.2.1 Steps 1 of VSM Utilization in a New Product Launch

The first step in utilizing the Value Stream Mapping (VSM) methodology into a new product development project is the development of a cross functional team.  Far too often at the beginning of a new project the team will only consist of design engineering, sales and corporate support management. None of which, have to make the product that is being developed or live with the agreements made to the customer.  This is a systemic mistake within the automotive industry that needs to be addressed.  The manufacturing sites need a voice that will be heard at the corporate level during new product development projects.

3.2.2 Steps 2 of VSM Utilization in a New Product Launch  

For the second step of the process, the team must create a process flow list in no particular order initially.   The goal here is to capture all the steps in the process flow from beginning to the end of the process.  Based off this developed list, the team can create a logical process flow based off team experience.  Once the process flow has been created, it is helpful to allocate the steps in the process either alphabetically or sequentially.  This helps the team track the progression of the product through the process.

3.2.3 Steps 3 and 4 of VSM Utilization in a New Product Launch  

In step 3 and 4 the team creates a critical path method (CPM) diagram utilizing the process flow list developed in step 2.  From step 2 each operation was given an alphabetical or sequential allocation.  In step 3 the alphabetical or sequential allocations are connected with arrows to indicate flow direction and organized in a sequence of operation.  Then in step 4, the lead time for each operation is initially based on the experience of the team.  The team gives an optimistic (O), most likely (M) and pessimistic (P) lead time for each operation.  Based off these times an expected lead time is calculated (Wikipedia 2015).  The formula used for Expect Time is:

Expected Time (ET) = (O+4M+P)/6.
To establish the total lead time for the project a useful method to use is back flow analysis.  This method works backwards from the end of the established process.  Each operations lead time is added to the preceding operation (University of Alabama 2015).  The trick here is to recognize the operations that do not fall in sequence of operation but can be worked on in parallel.  If the operations that can be worked on in parallel have a lead time that is longer than the in-sequence operations, the lead time for the parallel operation is used to establish the overall expected lead time for the project and vice versa.  The Critical Path Method diagram shown below in figure 19 shows the above mentioned process for an ICE new product development project.
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Figure 19 Current State Product Development CPM for ICE
3.2.4 Steps 5 of VSM Utilization in a New Product Launch  

After the team has formulated the critical path for their project, it is useful to structure this information into a current state lead time chart as shown in table 1 below.  The chart list the information developed in the critical path but now the team can start structuring their thoughts on which non value added (NVA) steps in the operation to focus reductions on.  As one can see from the chart below in table 1, the team chose to focus on operations that they had direct control over.  The operations not chosen for non-value added reductions were out sourced operations that were outside the value stream segment that the team had control.  It should also be noted that the chart also aids the team to see the lead time effect on operations that are worked on in parallel with the normal process flow.  The formula used to allow the lead times of the parallel operations to be counted or not, depending if their lead time exceeds the normal process lead time, is as follows: 
COUNTIF(J11,K15)
In table 1 below, the effect of the above formula can be seen in the last column labeled Critical Time.  The lead times for activities I and J are not counted because their parallel lead time did not exceed the overall lead time of the normal process flow.   

Table 1 Current State Lead Time Chart

	Act.
	Predecessor
	Task For Design Development
	Initial Value Add (V) -Current State
	Cand. 

for Non value added reduction
	Opt. (O)
	M. Like (M)
	Pes. (P)
	Expect Time (ET) = (O+4M+P)/6
	Task o. side of Flow Backflow
	Critical Time (Backflow CPM Method)

	A
	-
	Create Component, Subassembly & Final Assembly Prints
	V
	NV
	4
	5
	6
	5
	NA
	5

	B
	A
	Internal Approval of Prints
	V
	NV
	1
	2
	3
	2
	NA
	2

	C
	B
	Customer Approval of Prints
	V
	NV
	1
	2
	3
	2
	NA
	2

	D
	C
	Create Prototype Component Tooling
	V
	 
	6
	7
	8
	7
	NA
	7

	E
	D
	Create Prototype Components
	V
	 
	2
	3
	4
	3
	NA
	3

	F
	E
	Quality Verification of Prototype Components
	V
	NV
	1
	2
	3
	2
	NA
	2

	G
	F
	Create Prototype Assemblies
	V
	NV
	1
	2
	3
	2
	NA
	2

	H
	G
	Quality Verification of Prototype Assemblies
	V
	NV
	1
	2
	3
	2
	NA
	2

	I
	A
	Create Validation Test Fixture
	V
	 
	4
	5
	6
	5
	12
	0

	J
	A
	Create validation Test Plan
	V
	NV
	1
	2
	3
	2
	9
	0

	K
	H
	Conduct Validation Testing
	V
	NV
	4
	5
	6
	5
	NA
	5

	L
	I, J, K
	Test Results Analysis  & Report
	V
	NV
	1
	2
	3
	2
	NA
	2

	 
	 
	 
	 
	 
	 
	 
	 
	 
	Total
	32

	 

Represent activities that we don't have direct control over.

 

 
	 
	 
	 
	 
	 


3.2.5 Steps 6 of VSM Utilization in a New Product Launch  

Now the team has done the ground work for the current state of the segment of the project they have been assigned.   Next, the critical path and lead time chart can be used as a source of information for the actual development of the current state Value Stream Map (VSM).  The VSM allows the team to visualize the steps in the operation while presenting a tabulation of the waste.  As mentioned before, the team allocated the initial lead time per operation based on their experience.  Then the team was asked about how much of the lead time was just due to waiting.  The response may surprise you.  From the current state VSM below, one can view the operation steps and the wasted time allocated per operation in which the team had control.  It should be noted that each operation can be broken down into more detail to isolate the source of the waste per operation.  At this point, the team must validate their estimates of time either through historical documentation or time studies.  A VSM template was used in Excel for this illustration but other software is available to aid teams in the formulations of Value Stream Maps.  At the bottom of the Value Stream Map (VSM) there is a step ladder shown.  It is used to simulate the steps in the operation and allocate the lead times that were determined earlier via the use of the Critical Path Method and Lead Time chart.  A larger view of the current state VSM shown in figure 20 below can be evaluated in appendix 1 (Dura Automotive Systems 2015).
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Figure 20 Current State Product Development VSM
3.2.6 Step 7 of VSM Utilization in a New Product Launch  

The red diamonds, shown in the current state value stream map above in figure 20, indicate the need for Kaizen improvement (Magneti Marelli 2013).  The team in this illustration chose to concentrate on the elimination of wait time.  The team can utilize a Kaizen approach as in the example below in figure 21 to isolate root cause and document corrective actions.  The Kaizen utilizes the fishbone and 5 why analysis methodology that will be discussed in our case study in Chapter 5.  These tools help the team to isolate root cause of problems.  The fishbone and 5 why analysis are also part of a global 8d problem solving method that allows the team to deep dive into the details of a problem for corrective action.   The Kaizen is very similar to the global 8d but is less narrative and more pictorial in its presentation of the problem and corrective action resolution.  However, the team can use either problem solving method.  To evaluate a larger view of the Kaizen example shown in figure 21 below, please see appendix 2. 
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Figure 21 Kaizen Example
3.2.7 Step 8 of VSM Utilization in a New Product Launch 
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Based off the teams Kaizen improvement activities a projected future state Value Stream Map (VSM) can be created.  The new projected lead times are formulated to show the effect the Kaizen improvements have on the system.  The team has placed new estimates for lead time per operation based on the implementation of the corrective action developed during the teams corrective action exercise.  The future state value stream map for the teams segment of the new product development project is shown above in figure 22 (Dura Automotive Systems 2015). The team focused on the reduction of wait time and the lead time improvement resulted in a 9.4 week reduction as can be seen in the Table 2 below.
Table 2 Lead Time Reduction

	 
	 
	 
	 

	
	CURRENT STATE
	FUTURE STATE
	CHANGE (WK)

	LEAD TIME
	32
	22.60
	-9.4


3.2.8 Step 9 of VSM Utilization in a New Product Launch  

From the Kaizen corrective actions, the team leader / program manager must generate an implementation plan for the corrective actions that will address in this case wait time.  Table 3 below shows such an implementation plan (Dura Automotive Systems 2015).
Table 3 Implementation Plan
	Objective
	Measurable Goal
	Responsible
	Due Date
	Progress Conditions
	Eval
	Remaining Problems

	Eliminate wait time at creation of prints
	Purchase new computer
	Earl / Jordan
	2/4/2015
	[image: image46.png]


Computer has been ordered.
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	No issue.

	Eliminate wait time at internal approval of prints
	Implement new electronic print transfer and approval system.
	Littrell
	1/30/2015
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IT is currently implementing wireless connections within the facility
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	No issue.

	
	
	
	
	
	
	


3.2.9 Step 10 of VSM Utilization in a New Product Launch  

In step 10 of this process, the team is working on the implementation of the corrective actions deemed necessary during the Kaizen activities.  The corrective actions will lead to the projected future state Value Stream Map as illustrated in figure 22.  The progression of completion is tracked using the implementation plan tracker described in table 3 above.  It is important to remember that your future state VSM is a projection of desired result and is not to be shared with the customer.  The customer has a tendency to back up their Gantt chart to show your new timing if given the opportunity.  However, the program manager holds the team to the future state.  Thereby, insuring the team meets their deliverables to the customer on time and with accuracy.
3.2.10 Step 11 of VSM Utilization in a New Product Launch  

At this point in the VSM utilization process, the corrective actions are implemented and the team must assess the successfulness of their corrective action implementations.  The team must determine if their future state targets were met and if there is a need for further improvements.  If it is determined that more improvements are needed the process starts over.
3.3 Summary

At the beginning of Chapter 3, the VSM method was presented as a general solution methodology to improve the implementation of new product development processes for the two types of projects ICE and LPDF.  Further within the chapter an algorithm was demonstrated to utilize the Value Stream Mapping methodology to improve a new product development project.  The general steps were described in figure 18 and further expanded upon with specific descriptions of each step in section 3.2.1 through 3.2.10.  To summarize the Value Stream Mapping methodology to improve a new product development project the steps are detailed below:
· Step 1 – Develop a cross functional team.  Remember to include the manufacturing site representation.

· Step 2 – Create process flow list and allocate process steps.

· Step 3 & 4 – Create a critical path (CPM) and establish expected time for the process segment being analyzed.

· Step 5 – Create a lead time chart to organize the data collected.

· Step 6 – Establish the current state VSM based off the data collected.

· Step 7 – The team launches improvement Kaizens based off uncovered improvement opportunities.

· Step 8 – Establish the future state VSM based off Kaizens.

· Step 9 – Create implementation plan.

· Step 10 – Track implementation of Kaizen improvements.

· Step 11 – Assess the successfulness of improvement Kaizens.

It should be restated again that the above Value Stream Mapping methodology can be used for many different applications and not just to improve new product development launches.  As mentioned in Chapter 2 this methodology can used when there is a need to identify (Minitab 2010):
· Overproduction

· Waiting

· Transportation

· Inventory

· Motion

· Over-processing

· Defects

· Improper use of human intellect

This methodology also allows the team to answer questions such as (Minitab 2010):

· What does the current process look like?

· How does value flow through the process?

· What steps in the process add value and what steps do not add value?

· What are the sources of the waste in the value stream?

· What areas of the process need the most improvement?

CHAPTER 4 VSM AS A PROJECT MANAGEMENT TOOL
4.1 VSM Program Management Flowchart

Chapter 3 of this thesis showed the methodology and algorithm of the Value Stream Mapping (VSM) approach to the inner workings of an ICE project.  Let’s consider this step 1 of a 2 step process.  Step 1 was to identify the waste and correct it within a new product development project.  The second step is to manage the project effectively so the benefits of the VSM mapping teams can be realized. 
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Figure 23 VSM as a Program Management Tool
Figure 24 above shows a flow chart of the steps for the VSM approach as a project management tool.  
4.1.1 Step 1 thru 3 of VSM as a Program Management Tool 

From Chapter 3 we know the steps involved in the Value Stream Mapping (VSM) methodology used to improve new product development projects.  As step 1 of using the VSM methodology as a program management tool, the program manager takes the VSM information from their project segment teams to establish a more detailed breakdown of the projects task.  In step 2 the program manager populates a program management tracker, similar to the one shown in figure 24.  Step 3 is where the program manager establishes the tracker lead times based off the created future state VSM.  Prior to this concept, a program manager would track the final product for example validation testing and its overall timing to complete.  Using the VSM approach, the validation testing is broken down into the process steps to complete the task.  This enables the program manager to detect lead time interruptions prior to the overall task timing being missed.  Figure 24 below shows the VSM implemented for a map tracking an ICE project.  A larger view of figure 24 below can be found in appendix 4 for evaluation.
[image: image21.png]Integrated Concurrent Engineering (ICE) Product Development Value Stream Map. DATE:
EEES sam B peee— w13,

i s oo 2015

o o e o B ” New VS build outpart numbers
* B T ] [ ) [
] RS ]

i

[OuerPiPPats | [LeakTesierRecspr| [FralEventieakTeser | [WokCallamng ] [WorkCal Taining [EekcaTRRR, ShipTo - PART NUMBER
Programfhambr. Ful Pl Enginest: R Vaughn N N
Stanus - 3 I
cuea=2 |, BootCause L 3 g
Categaries Resparsibiy | Tming| Pl Frich ol Delverable 3 3
i &
Phaze 1 Prototype
1| Protowpe Draving Recsipt ECN Release. ety vote [ prropsorig 200
2 PPIS -Soueing Dects s s
5| CortmProgram Proft and Feiew wih on s | FociTemMenber: |34 Aingl to completa by 5
Evzctie Commites el
4 Verly budoutpans Dects asns | "o e thobuid cu pans e Angie
ting o 1 emi 127114
s Lead Time Suvey Dects e
6 Component Dravings Dects [E——
7 Susight Tube Dects e
DravinglEauipment Fevien Mesting Mg A PR PTER—
e PIC TIE PPE, Sales Deots e

3-4 Serenato close.





Figure 24 Product Development Value Stream Map Tracker for ICE
4.1.2 Step 4 of VSM as a Program Management Tool 

Throughout a new product development project a program manager is continuously monitoring the status of the project.  If the project timing starts to be missed, the program manager can utilize the VSM method to focus a segment team to isolate the problem and take corrective action.  This action may even prevent the task timing from being missed if action is taken soon enough.  This type of activity is continued by the program manager until the end of the project.
4.2 VSM Method Utilized of LPDF Project

Now that we have described the VSM method as a program management tool for conducting an ICE product development project, we can use the same VSM method as a program management tool on product development projects that will launch based off prior platforms.  For this type of project a Lean Product Development Flow approach is most suited.  As stated before, the Lean Product Development Flow (LPDF) product development approach is intended for “smaller design programs based on a high degree of legacy knowledge with predominantly mature technologies.  However, the LPDF approach also has the same two coordination latencies (response and decision) in which were described before with the ICE approach.  Therefore, the Value Stream Mapping methodology can be utilized to achieve the same benefits as detailed in the ICE approach.  However, the LPDF value stream map will be much shorter as shown in figure 25 of the LPDF program management tracker.  This is due to fewer operations in the new product development process.  A larger view of figure 25 can be found in appendix 5 for further evaluation.
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Figure 25 Product Development Value Stream Map Tracker for LPDF
4.3 Computational Results and Summary

In section 4.1 and 4.2, the VSM methodology was given as a program management tool for ICE and LPDF type product development projects.   The VSM methodology will help an organization obtain reduced response and decision latency during product development.  This is accomplished by concentrating on what gives value to the project as described in the sections above.  As a result of reduced latency during new product development, the team will have time for reliable validation testing that meets the customers’ unique needs.  Below in figure 26, you will see a case representation of an ICE product development project in which the source utilized the VSM methodology described earlier in Chapter 3 to achieve its lean objectives.  However, their terminology is slightly different from what was given in Chapter 3.  For example:
· Step 1 – Deliverable Commitment Template.  This is similar to our development of a process flow list described in section 3.2.2 step 2 of our VSM methodology.
· Step 3 – Controllable Factor Template.  This is similar to our lead time chart described in section 3.2.4 step 5 of our VSM methodology.
· Step 4 – Metrics Implementation Template. This is similar to our implementation plan described in table 3 section 3.2.8. 
However, the case representation in figure 26 showed that the team did not meet some of its deliverables.  The assessed status template shows that the team should focus attention on high risk areas of cost and production schedule conformance (John Kunz 2013).  The Value Stream Mapping (VSM) method should be continued with focus in the above mentioned areas of concern.  For quick reference the VSM steps are listed below:

· Step 1 – Develop a cross functional team.  Remember to include the manufacturing site representation.
· Step 2 – Create process flow list and allocate process steps.

· Step 3 & 4 – Create a critical path (CPM) and establish expected time for the process segment being analyzed.

· Step 5 – Create a lead time chart to organize the data collected.

· Step 6 – Establish the current state VSM based off the data collected.

· Step 7 – The team launches improvement Kaizens based off uncovered improvement opportunities.
· Step 8 – Establish the future state VSM based off Kaizens.

· Step 9 – Create implementation plan.

· Step 10 – Track implementation of Kaizen improvements.

· Step 11 – Assess the successfulness of improvement Kaizens.
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Figure 26 Case Representation
CHAPTER 5 CASE STUDY
To aid in conveying the real life consequences of the before mentioned external and internal influence on automotive manufacturers, the following case study is presented.  It is based on a tier one Quality Manager’s personal account of an experience that relates directly to automotive recalls.  The OEM being supplied and his employer are not important.  The company he worked for manufactured window regulator module assemblies.  Part of the regulator module assembly was the door latch which is considered a safety devise.  Their current supplier was experienced and had a proven track record not to have major safety concerns.  However, the company he worked for also made door latches and wanted to utilize their latch on the regulator module assembly.  To make things more interesting, they also wanted to manufacture the latch in a brand new facility in India.  This scenario had every sign of a train wreck about to happen.  The Quality Manager was allowed to become part of the launch team at gate 4 of the stage gate release process previously mentioned in Chapter 1.  The team consisted of a Program Manager which was a French lady with an attitude, French Design Engineers, a Facility Launch Team in India and he at the assembly plant in North America.  Everyone was considered an expert except for the North American Quality Manager.  However, he was the one guy that had conducted more failure mode analysis on latches over the last 5 years than the whole team put together.  During the team meetings it became apparent that the launch of the new latch facility in India was not going to meet their timing due to equipment delivery and facility development.  Now knowing the situation, the Quality Manager requested that he receive a latch tester to verify the latches once they were delivered to his facility.  He was told no because the India facility did not have any quality problem.  Therefore, he would not need a latch tester.  He requested that he be allowed to implement a Quality gate and conduct manual verification of the latches for a period of time.  Again, he was told no because they will not have a quality problem.  Of course this did not sit well with him.  He went up the food chain to his Director of Quality.  He was told that the launch of the India facility was a brain child of an executive and everything was under control.  To the Quality Manager this was the perfect storm.  It was like that old children’s story about the King and his garment.  Everyone was afraid to tell the King that he was nude.  To add to the fun, the new latch supplier implementation was to be coordinated with the new model year launch at the OEM.  So the timing was set in stone, the new latch facility was not ready and the Quality Manager was not given resources to effectively implement a Quality gate.  
As you would know it, launch got underway at the OEM.  At the Quality Managers facility, he knew something was wrong because they were sporadically rejecting latches for electrical or mechanical failures during their final check of the regulator module assembly.  This gave the Quality Manager leverage to implement added containment on the latches.  However, fortunately the customer was not yet complaining.  Then the first call came in from warranty.  At that time, the OEM had been in production with the new model year approximately 2 weeks.  They had built almost 9000 vehicles.   The failure mode was new to the Quality Manager and others within his organization.  It turned out to be a design flaw that could have been detected if the validation test simulator more closely released the latch as an operators hand would.  Later the Quality Manager found out that the previous supplier had this same issue initially and took action early on to fix the design.  The Quality Manager also found out later that the latch end of line tester at the India facility was rejecting too many latches to keep up with demand.  Therefore, top management approved the shipment of untested latches to the Quality Managers facility without his knowledge.  During this storm of concerns, where was the corporate launch team?  They all scattered like rats when the lights are turned on.  The Program Manager and Design Engineers overseas were no longer involved and it was all North America’s problem now.  This project was similar to the phase approach to product development stated in Chapter 1 from the standpoint that once one group completed their task they no longer were involved.  To make a long story short, the North American company corrected the design flaw, retrofitted all affected vehicles and paid out approximately 2.3 million dollars for this poorly managed new product development launch.  This poor launch cost them their reputations in which they never recovered.  A year later the North American facility was sold to the previous supplier of the latch.  That is what you call complete insult to injury (Richard Vaughn 2015).
5.1 Ishikawa / Fishbone Diagram of Case Study 

The case study detailed above brought to light what really is going on behind the scenes within the automotive industry.  In an effort to learn from our mistakes one must first isolate root cause.  One root cause analyze method that can be utilized is the Ishikaw which is also known as the Fishbone diagram.  The below diagram in figure 27, shows a Fishbone diagram addressing the new latch launch problem in the case study above (Magneti Marelli 2013).
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Figure 27 Case Study Fishbone Diagram
This method is used to help the team narrow down potential root causes.  To isolate true root-cause a method called the 5 Whys can be utilized.  Figure 28 below shows the 5 Whys analysis used to address the new latch launch problem of the case study (Magneti Marelli 2013).  The analysis shows that the team focused in on the fact that managements push for reduced cost and timing acted as a catalyst or driving force to get by with the bare minimum of testing and inspection.  However, it should be stated that is what management is supposed to do.  They are responsible for monitoring the cost and timing of projects.  The point that the team is trying to make here is that this has become managements only priority.  This philosophy cascades itself all the way down the food chain of the organization.  This behavior is reinforced through the offering of bonuses and other incentives to management if they meet their performance targets.  This philosophy also coincides with the lean manufacturing approach of zero waste, zero defects and 100% on time delivery.  So the stage is set for exactly what we are experiencing in increased automotive recalls.
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Figure 28 5 Why Analysis
5.2 VSM Utilized for Case Study

The above case study demonstrates a prime missed opportunity to use the Value Stream Mapping methodology to improve the outcome of a new product development project.  Let’s utilize the VSM methodology to pose an improved future state for this affected company.  Since the current state and result were described in the case study, the cross functional team developed as step 1 of the VSM methodology has a well described current state.  Therefore, steps 1 thru 6 of the VSM methodology can be extracted from the case study information.  With this in mind, we will assume that the team can start at step 6 and establish a current state Value Stream Map for this case study.  Steps 1 thru 6 of the VSM methodology are summarized below:
· Step 1 – Develop a cross functional team.  Remember to include the manufacturing site representation.

· Step 2 – Create process flow list and allocate process steps.

· Step 3 & 4 – Create a critical path (CPM) and establish expected time for the process segment being analyzed.

· Step 5 – Create a lead time chart to organize the data collected.

· Step 6 – Establish the current state VSM based off the data collected.
The current state Value Stream map is shown in figure 29 below.  For a larger view of figure 29, please refer to appendix 6.
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Figure 29 Current State VSM of Case Study
During the review of the current state of the case study scenario, the team needed to narrow the scope of the problem to what they could have control over from a new product development standpoint.  Therefore, the following assumptions were made:
· The latch facility in India was ready.  Facility development is a separate project in itself.
· The timing for the current and future state will not change because it was determined by the OEM customer.
Therefore, the improvement opportunities indicated by the red diamonds are test fixture development and validation testing.
5.2.1 Launch of Improvement Kaizens

In Chapter 3 section 3.2.6 we indicated step 7 of the VSM methodology as the launching of Kaizen activities to move the project forward to a desired future state based off uncovered improvement opportunities.  In section 5.2 we indicated that the team had isolated two area of potential improvement.  They were the development of new test fixtures for the new model latch and the validation testing to be conducted.  The reason for this is because the latch supplier utilized existing test fixtures for the negotiated reduced validation testing conducted.  Based on the Kaizen improvement activities, the following systemic improvements were deemed necessary to prevent a reoccurrence of the failed launch.

· Always test the component as a complete system that simulates its function on the vehicle using the correct testing fixture.
· Test to the standard but do not negotiate reduced testing due to cost and timing.  Do not use surrogate data from past programs as acceptance for new.

· Always test to failure.

· If the test standard is not adequate, work with the customer to create a viable method of testing the validity of your product.

· If there are premature test failures, do not keep repeating testing of parts until you get a pass.  Deep dive into the true root cause of each failure and correct it.

· Force a failure.  Test the component under abnormal conditions to purposely cause the part to fail.  Then deep dive into the true root cause of the failure from a subcomponent fatigue standpoint.

· Always place Quality Gates when implementing new products.

· Always give the resources necessary to prevent Quality spills.
These basic concepts seem rudimental but we have strayed from our basic oath as engineers due to management manipulation.  Remember the oath (Wikipedia 2014)?  It goes as follows:

I am an engineer, in my profession I take deep pride.

To it I owe solemn obligations.

Since the Stone Age, human progress has been spurred by the engineering
genius.

Engineers have made usable nature's vast resources of material and energy for humanity's benefit.

Engineers have vitalized and turned to practical use the principles of science and the means of technology.

Were it not for this heritage of accumulated experience, my efforts would be feeble.

As an engineer, I pledge to practice integrity and fair dealing, tolerance, and respect, and to uphold devotion to the standards and the dignity of my profession, conscious always that my skill carries with it the obligation to serve humanity by making the best use of Earth's precious wealth.

As an engineer, [in humility and with the need for Divine guidance,] I shall participate in none but honest enterprises.

When needed, my skill and knowledge shall be given without reservation for the public good.

In the performance of duty and in fidelity to my profession, I shall give the utmost. 

- The Obligation of the Engineer
5.2.2 Establishment of the Future State VSM
The future state VSM in which the team is projecting with the systemic improvements stated in section 5.2.1 can be seen in figure 30 below.  For a larger view of figure 30, please refer to appendix 7.
5.2.3 Implementation Plan / Tracking / Assessment

As stated in Chapter 3 section 3.2.8, the utilization of an implementation plan is a viable way for a program manager to track the implementation of the corrective actions initiated by the Kaizen activities.  The implementation plan utilized by the Kaizen team addressing the case study scenario is shown in Table 4 below.  The assessment of success is the accomplishment of the measurable goals that the team has set for the project.  This is monitored by the program manager of the project via a project tracker as described in Chapter 4 section 4.2.  
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Figure 30 Future State VSM of Case Study
Table 4 Implementation Plan For Case Study
	Objective
	Measurable Goal
	Responsible
	Due Date
	Progress Conditions
	Eval
	Remaining Problems

	 Test the component as a system to simulate its function on the vehicle using the correct testing fixture.


	Purchase new test fixtures
	Earl / Jordan
	1/4/2015
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New fixture has been received
	
	No issue.

	Conduct complete validation testing.
	Complete testing prior to gate 3.
	Littrell
	3/15/2015
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In house test facilities are over booked.
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	Outsourced testing at 3rd party to meet timing.

	Implement Quality Gate at plant.
	Zero defects found at customer.
	Littrell
	4/15/2015
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Workers are in process of being trained.
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	No issue.


5.3 Paradigm Shift for a Better New Product Launch Future State

How do you change a culture for the good?  You do the morally right thing at all times.  How is this accomplished to address the increasing trend of automotive recalls?  The following basic rules if applied can help initiate a paradigm shift within the automotive industry from a systemic point.

5.3.1 Product Performance 

A modest investment in developing physical models can have a significant positive impact on product performance.  Data can be collected from physical models under a variety of strategically determined conditions.  Collecting physical data from testing can be expensive, but there are many optimization methods for minimizing the amount of data required while maximizing the amount of information produced. Physical models can predict product performance under infinite sets of conditions.  This allows engineers to understand how their products will perform in a wide variety of environments. Furthermore, these predictive models can uncover design flaws quickly, so design adjustments can be made before a failure-prone product enters the marketplace. 

Since many problems only manifest with product usage over time, reliability methods are critical. However, this crucial testing is often short changed through the constraints of ever shorter product development cycles and reliability testing time. Therefore, techniques such as accelerated life testing and a degradation model can provide an efficient and effective means for predicting product reliability over the useful life of a product (Steven Wachs 2015).
5.3.2 Process Performance 

As mentioned before, it is impossible to completely eliminate variation in a manufacturing process. However, useful tools exist to detect variation, identify its root causes and resolve them. The cost of assessing performance through 100 percent inspection is usually cost prohibitive.  Therefore, the most cost effective means to predict process performance is through the use of Statistical Process Control (SPC).  Effective SPC requires the right chart, the right sample size, and the right sampling plan performed on the right characteristics.  The SPC data should be collected and utilized on a real-time basis, not stored and underutilized.  A plant without proper SPC is a plant that reacts to problems rather than preventing them.  In addition to monitoring individual key process characteristics for potentially harmful changes, plant wide production data can be monitored in real-time. The analysis of this real time data will reveal opportunities for large cost savings through variation reduction.  It is only common sense that if you reduce process variation it will only have a positive effect on warranty levels (Steven Wachs 2015). 

5.3.3 Warranty Risk Management 

Warranty risk management should take place at the front end of a project with best practices in contracting.  With the inclusion of clear specifications and disclaimers, a company can reduce the impact of litigation.  In the contracting process a company must clearly set the specifications to which the product is to be designed and or manufactured.  A company must disclaim any inapplicable warranties, including implied warranties outside the scope of design responsibility.  It is also a good practice to offer alternative design opportunities to the customers that are more robust or superior performing.  If the customer declines these options, document it because it may come in use during litigation.  In the contracting stage of a program, document product testing responsibilities.  It is wise to determine and document the product test procedures and result expectations up front at the contract stage of a product development project. The determination of who is responsible for which level of testing, establishment of the testing and acceptance criteria, and recording results during the contract stage of a project is an investment in the future that will pay off.  A company must also familiarize itself with the customers Dealer Repair Codes. Through understanding the dealers repair codes and how such codes may apply to its products, a company can determine protocols for analyzing root causes for repair codes that could implicate their product.  It is in a company’s best interest to establish a protocol for claims. The establishment of an express protocol for warranty claims which include product returns, inspection, and the establishment of the root cause for failure is a must to reduce warranty claims (Foley & Lardner LLP 2014).  
Another key discussion point for contracting is the length of the warranty period and burden ratio.  A company must understand the warranty period that will apply to its product, when the warranty will begin to run, and the obligations under the warranty claim.  The burden ratio is the percentage of warranty cost in which a company is willing to take responsibility.  The customer usually wants the supplier to sign up for a 50% burden ratio initially.  However, the supplier can request that 100% of the warranty claims be reviewed for a short period of time.  The evaluation data from these returns can be used by the supplier to dispute claims and demand a lesser burden ratio. 
CHAPTER 6 CONCLUSION
The objective of this research paper as stated in Chapter 3 was to demonstrate a systematic approach to product development using Value Stream Mapping (VSM).  The approach was to incorporate VSM with project management tools to reduce project lead time and improve product reliability.  An Excel algorithm was created that utilized the Value Stream Mapping method as a tool for project development management.  VSM was used to establish lead times for the projects broken down into two categories which were Lean Product Development Flow (LPDF) and Integrated Concurrent Engineering (ICE).  The opportunities expressed from earlier research on Value Stream Mapping were expanded upon.   The concept of using the Value Stream Mapping (VSM) methodology as a new product development and program management tool was demonstrated.  Through the use of value stream mapping, the analysis of the current state can be conducted and a design of a future state for the series of project events can take a product or service from its beginning through to the customer in less time and better accuracy. This research also addressed the current state and proposed a future state for a new product development project in lieu of a highly competitive environment.  As mentioned before, most new product development systems within the automotive industry today are tailored toward the Stage Gate method.  In layman terms, it is a one size fits all approach of product development.  However, if an organization would approach product development using the VSM methodology as described in chapter 3 and incorporate its concepts as demonstrated in chapters 4 and 5, it could stop the “automotive insanity” of increasing automotive recalls.   
6.1 Further Research Opportunities

In section 5.3 we discussed a paradigm shift for a future state that will help the automotive industry reverse its current increasing trend of automotive recalls. To have an effective and efficient global supply chain is a must for automotive manufacturers and their suppliers to be successful in reversing the increasing trend in automotive recalls. The industry landscape is exposed to a set of critical challenges and trends that are leading, if not accelerating the need for a fine-tuned supply chain strategy and operations.  The increasing requirement for real-time information and effective communication across the supply network is critical for managing and optimizing the supply chain on a flexible basis, while keeping costs under control. While most global car manufacturers and tier-1 suppliers are in the process of addressing these requirements, smaller tier-2 and tier-3 auto suppliers have a long way to go.  In this context, information technology will play an increasingly important role.  The demand for this service will effectively turn IT from an “operational delivery” function into a “strategic, differentiating” asset. The underlying IT network will play a critical role by enabling the integration of various endpoints, communication technologies, IT assets, and applications in a secure and scalable manner.  For specialized supply chain management providers, these trends represent significant opportunities to grow their businesses and expand their value-added offerings (Michael Schwarz 2008).  Therefore, further research is needed to evaluate the current state of the IT function within the automotive industry and the methods in which it will be used to execute this needed paradigm shift.
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