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ABSTRACT

This contribution shows the developmentTadyota Production System TPS and the new
development of th&/alue OrientedDesign SystemVDS — its benefits, present state and some
successful results of automotive applications: [esds, less complexity, less costs, less weight,

less CQ emissionbetter quality. VDS is a synthesis of design, pasihg and supplier network.

1. INTRODUCTION

In today's global economy, the competition has bexanuch tougher. The market
situation requires higher flexibility towards thales market, more control of the distribution
operations, lower stocks but improved customer iservand a demand-orientated
manufacturing process. A number of major manufactuthave coped with the above-
mentioned development by the implementation of jbset-in-Time production system or
derivatives of Toyota Production System TPS.

There is a more demanding aim than just reducisgscdhe new philosophy requires the
design, purchasing and the supplier network to ldgvénto a strategic function that is
becoming recognised as a key tool for greater ctity@mess and profitability in an
increasingly global and exacting business econofoymeet these challenges, the need for
new ways of increasing productivity and quality abvious, and includes the new
development of the Value Oriented Design System VDS

The costs and quality of manufactured productsaagely determined at the design stage.
The development from a Just-in-Time production esysto a value oriented design means
that it is possible to cut life cycle costs inclglilogistics costs, improve quality at an early
stage, reduce time to market and enhance custatsfastion. Value oriented design aims to
reduce the complexity and number of parts withcomponent/module design through parts
synthesis. Complexity reduction is very importamt the automotive industry, which has to
cope with an enormous increase in the number ofetsahd variants (Fig. 1).
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No end to the diversity of VARIANTS ?
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Fig. 1: Enormous increase in the number of modedsvariants

2. THETOYOTA PRODUCTION SYSTEM TPS

The design and development of this system in Ja@ancharacterised by extreme lack of
space and post-war shortage. In 1969, the setmugp for a 1000-ton press was four hours at
Toyota, while VW required two hours for the samie. j@/ithin six months, Shingo [1] and his
staff succeeded in reducing set-up time to oneaamalf hours.

As a result of this excessive set-up time, largetbaizes were manufactured and, as a
consequence, large stocks piled up. In order tdement just-in-time production, it was
essential to drastically reduce set-up time stiitifer; a decrease in time to a maximum of
three minutes for a 1000-ton press was demandedaishi Ohno, managing director of
Toyota. Shingo and his staff attained this goahimitthree months, thanks to the SMED
principle (Single Minute Exchange of Die), whichsva new method developed for replacing
internal tool exchange by external change-overThg material requirement card 'KANBAN'
is an integral part of the information system aad/es as an effective means of monitoring

the production process. Total Productive Mainteraisca progressive approach to enhance
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productivity and quality through equipment improvarhand reliability, reduce set-up time
and lot size and increase the employee qualifinatiakajima [2].

Waste reduction is an effective way to increasditatumlity. The following Seven Wastes
were identified by Toyota’s Chief Engineer, Taiiino as key part of the TPS:

» Defects

* Overproduction

* Transportation

* Waiting
* Inventory
* Motion

* Overprocessing
The Toyota Production System TPS is well describemiany publications including the
14 principles of the Toyota way (Table 1).

Table 1: The 14 principles of the Toyota way, LiK&r

Base your management decisions on a long-termgaploy, even at the
expense of short-term financial goals

Create continuous process flow to bring problenthéosurface
Use “pull” systems to avoid overproduction
Level out the workload

Build a culture of stopping production to fix prebis, to get quality right the
first time

Standardized tasks are the foundation for contisumyprovement and
employee empowerment

Use visual control so no problems are hidden

Use only reliable and thoroughly tested technolihgy serves both your people
and processes

Grow leaders who thoroughly understand the wovile, the philosophy and
teach it to others

10. | Develop exceptional people & teams who follow yoampany’s philosophy

11 Respect your extended network of partners and muply challenging them
" | and helping them improve

12.| Go and see for yourself in order to thoroughly usténd the situation

13, Make decisiong _sIowa by consensus, thoroughly ictemsall options;
implement decisions rapidly

Become a learning organization through relentleiegtion and continuous
improvement

A Rl I B
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Toyota represents an interesting combination op@@te strategy, corporate governance
and corporate culture. Although it appears thatyhing is already known about Toyota, the
corporate culture and its effects have, so farnkmuitted by the majority of OEMs all over
the world or they have been unintentionally ignei@chmidt [4].

German companies started their lean implementatio@ higher level of efficiency
because they were already using a higher levetaté-®f-the-art, high-tech, CNC-operated
machinery and comprehensive enterprise resourceiplq (ERP) software. Therefore they
did not exhibit the same levels of improvement uraldy, cost, productivity, and delivery. It
was, in fact, the higher education and skill leMeGerman employees that facilitated German
companies to achieve higher levels of manufactuefigiency and to allow the extensive
utilization of high-tech machinery prior to leanplamentation. The German companies also
modified a higher number of the typical lean prodes to suit their own special needs.

The potential for improvement is far from being axkted in the German industry. Costs
for processes could be lowered substantially. A lbermmof car manufacturers produce
according to lean principles relatively succesgfutiut they lag behind the performance of
Toyota. The current competition in the automotive@ustry requires higher productivity and,
at present, it is mostly cost saving programs aodcepts that are being installed as a
corrective. Thus, whilst they are focused on ggttimeir process under control, they do not

give enough time to process improvement by redeSighmidt [4].

3. VALUE ORIENTED DESIGN SYSTEM VDS

The costs, functionality and quality of manufactuproducts are largely determined at
the design stage. It is important to consider mactufability early in the design. A lot of the
design tasks are executed by suppliers. In manufagtindustries such as, for example, the
German automobile industry, the in-house productibparts has been drastically reduced
over the last decades: The costs of materials amts in percent of revenues has been
increased from 50.3 to 75.1 percent from 1979 t662QTable 2). To cope with the
development of complex products, the design, peroent and supply have to shape up to a
mutual strategic network, Schmidt [5].

Suppliers not only deliver just in time, but theiyllalso collaborate from the early stages
of design onwards. Value oriented design closegé#pebetween design and procurement as
well as with the suppliers, Herrmann [6]. Thereftie tools for the design for the complete

life cycle are very profitable — these are desctilvéh results in the following, Schmidt [7].
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Table 2: The costs of materials and personneliircget of revenues, Schmidt [5]

Y ear Cost of materials Personnel costs
In per cent of revenues | In per cent of revenues

1979 50.3 25

1984 53.6 23

1989 60.4 21

1994 63 20.0
1997 64.0 17.4
1998 66.4 17.7
1999 66.2 17.1
2000 68.7 15.8
2001 71.2 15.3
2002 70.4 135
2003 71.0 14.6
2004 72.7 14.5
2005 74.2 14.7
2006 75.1 13.0

3.1 Design for the Complete Life Cycle

Many major corporations have been seeking to imprieir ‘product profitability’ by
increasing manufacturing and assembly efficienecy.ofder to achieve this, Concurrent
Costing®/Design for manufacture and assembly (C®MB®) has been widely applied in
the U.S.A. and now in Europe. CC/DFMA aims to resltlee complexity and number of parts
within a component/ module design through partghssis. CC/DFMA is a method for the
value oriented design process and its implememtdias already commenced in most German
automobile manufacturers. The benefits are, Schifjdt

* Team building in early stages and improved teanmkwor

* Enhanced quality and secured functionality

» Simplification of product design, leading to redantin costs / assembly time

* Integration of parts, resulting in decreased nunatb@arts

* Reduction of weight

» Realisation of ecological requirements

* Reduced development time and shorter time to market

The CC/DFMA-software tools lead the team of experethodically step by step through
the analysis and optimisation process thereby stipgoeach of the procedures. The team
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consists, for example, of project leader, desigmeoduction planer, technology expert,
service, controlling, quality, procurement and digspThe cost influence of design decisions
and recognition of future manufacturing problem# ke quantified by the system. This gives
the team a direct feedback about the cost of itleas and plans. The teamwork is speeded up
and, by having this direct feedback of improvementieterioration, the time expended on
product and process development is drasticallyaediuln order to be able to cut complete
life cycle costs at an early stage, the followiegriwork-tools have been developed:

« DFM® Design for Manufacture

» DFA® Design for Assembly

» DFS® Design for Service

* DFE® Design for Environment (® of BDI and amc

Over 70 per cent of costs, quality and environnemi@acts are influenced during the
early stages of design. With the above mentionetstat is not only made possible to
optimise proactively one single aspect such as @mhiction for manufacturing, but it also
enables an overall optimised process over the wihaecycle of the new product, including
the collaboration of the suppliers network. It mesgvith the complexity reduction and cost
optimisation of the first step in manufacture am@ches right up to the optimisation of
toxicity, energy and costs of the last step in céing and disposal. This renders CC/DFMA a
powerful management tool for both value orientesigle including the concurrent control of
costs, and a strategic launch of new products, &ttHih5].

3.2 Successful Concurrent Costing/ DFMA Applications

The CC/DFMA procedure as a preventive optimisaporcess, is profitable when a new
product has to be designed and marketed or anrexishe improved under new targets of
costs and functions. Results of some applicatioaslaown in the following, Schmidt [7]:

» Automotive industry: CC/DFMA is integrated into tpeoduct development process.
Benefits are the reduction of part number, assertily, investments and the cost of
production by a margin of 3 to 34 per cent. Goaltfie@ new model is the reduction of
standard parts by 86%, tools by 60% and torquedby, Pfammatter [8].

» Automotive industry: Reductions of the number oftpand operations per glove box
by 42 percent, and of the assembly time and costpercent, Naujocks [9].

e Electrical industry: Improvements of DFA index, wvetion of assembly
time/production costs by 80 percent and a part tmduction by 60 percent.
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* White goods industry: A project has been perforraed implemented within a time
span of only nine weeks. The results show sigmticaroduct improvements,
complexity reduction and savings of several milli€uros.

» Designer products: This winner of nine design awandone and a half years reduced
the costs by 15.4 per cent and the number of pgrg3 percent which is equivalent to
a saving of 15 millions Euros, Iglseder [10].

» Design For Environment DFE: The recycling companiREC uses DFE in many
consulting projects. As an example, the redesiga obnverter results in reduced part
count, disassembly time and costs, assembly tindecasts, total weight anfET
points (environmental impad!l aterials,Energy, andT oxicity). The costs are calcu-
lated for the whole life cycle of the products, €éyer [11].

* A redesign of the front end of an automobile sarexe than 30 kg in weight. This
reduction of the vehicle’'s dead weight will saveD40 800 litres of petrol over its
entire life-span, which represents a reduction roé ¢o two tons of carbon dioxide
emission and 30 kg of material less to recycle n8dh[5].

3.3 Reduction of Administrative Costs

An electronics company implemented CC/DFMA in a T@Nvironment and integrated
CC/DFMA in the product development process. Thaicgdn in parts achieved through the
DFA analysis leads to reductions in the administeagéxpenses associated with maintaining,
updating and creating a part number. Such expeinsésde, Becker [12]: Parts master,
billing, quality effort/expenditure, bill of matal, calculation, original inspection,
technical drawing, planning, inventory, proces®et, test planning, incoming goods,
procurement and spare parts.

Participants in DFMA seminars/workshops, estimae @annual costs for maintaining a
part number in the master data to range from amim of 1,500 Euro up to several

thousands Euros per year, Becker [12].

4. CONCLUSIONS

The benefits of th&/alue OrientedDesignSystem with the use of the CC/DFMA tools
are: team building and teamwork, a reduction ofdpod costs, assembly time, number of
parts, weight, development time and time to mar&st well as enhanced quality, a
standardisation of parts, complete documentatiahaarealisation of ecological requirements.

The results of a automotive project shows, Schibidt
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L ess parts, less complexity, less costs, less weight, less logistics, less CO,, better quality!

Its special benefit is the optimisation of the proddevelopment process and the creation
of new innovative solutions. An analysis requireéya few days instead of many weeks or
months of product development time. This renderfieveoriented design a powerful
management- and teamwork-tool for the launch of pesducts and it closes the gap between

design and procurement as well as integratingubelgers into a strategic network.

o
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