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Abstract: For companies, rapid prototyping is a powerful tool for conceptualization, form and fit review, functional analysis, and pattern 
generation. These applications are also relevant to the manufacturing process. The ability of the development, construction and prototype 
department is today, in a strong competitive field, very important for the development and existence of the company. The paper will present 
an example of good practice and the use of rapid prototyping technologies in very complex steel components - rear frame of the motorcycle 
BMW F 800 S. This article will present the use of technologies of rapid prototyping with a view to presenting a prototype to BMW customer 
at the stage of the decision on the selection of a supplier. 
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1. Introduction 
Introducing a new product is expensive and needs careful 

planning. The planning for a new product goes through a number of 
stages. Depending on the complexity of the product, the time-
span from original concepts to the marketing of the final 
product can vary from a few months to many years. The 
development phase has been improved by the use the 
concurrent engineering concepts and wide but very important 
applications of CAD, rapid prototyping technologies, 
engineering and manufacturing tools and other techniques. 
Figure 1 shows steps and well-known procedure methods in 
Design of Product from Definition to the Manufacturing.  

 

  

 

  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1 Steps and well-known procedure methods in Design of Product 
from Definition to the Manufacturing 1. 

 
In its experimental part our paper presents the application of 

various technologies of rapid prototyping and the importance of 
their use in the context of the nomination and selection process for 
the German company BMW project. 

For design engineering, rapid prototyping is a powerful tool for 
conceptualization, form and fit review, functional analysis, and 
pattern generation. These applications are also relevant to the man-
ufacturing process. Prototypes are often used to answer two types 
of questions: "Will it work?" and "How well does it meet the 
customer needs?" When used to answer such questions, 
prototypes serve as learning tools. 

Communication: Prototypes enrich communication with top 
management, vendors, partners, extended team members, 
customers, and investors. This is particularly true of physical 
prototypes: a visual, tactile, three-dimensional representation of a 
product is much easier to understand than a verbal description or 
even a sketch of the product. 

Integration: Prototypes are used to ensure that components and 
subsystems of the product work together as expected. 
Comprehensive physical prototypes are most effective as 
integration tools in product development projects because they 
require the assembly and physical interconnection of all of the parts 
and subassemblies that make up a product. In doing so, the 
prototype forces coordination between different members of the 
product development team. If the combination of any of the 
components of the product interferes with the overall function of the 
product, the problem may be detected only through physical 
integration in a comprehensive prototype. 

While the industry has had an exceptional track record, it is not 
without its challenges. The general consensus is that less than 20 
percent of the design and product development community use 
rapid prototyping. In the manufacturing and manufacturing 
engineering disciplines, the level of use is far less.  

The obstacles that rapid prototyping faces are not unique. As 
with any new technology, there is a resistance to change and a 
reluctance to work through the challenges of a developing 
technology. However, there are other factors that are unique to this 
industry. Since rapid prototyping requires 3D digital definition of 
the part, its growth rate is limited to that of CAD solid modelling, 
an application that is far from being used by the majority of design 
professionals. Additionally, rapid prototyping has been burdened 
with a negative perception that the parts are "brittle." While true 
many years ago, this is no longer an appropriate generalization. Yet, 
many use the belief that rapid prototypes are brittle to justify not 
evaluating or using the technology. 

While rapid prototyping may not pose a competitive threat to 
those who do not use it, many who have implemented the 
technology have discovered powerful advantages in applications 
that range from product development to manufacturing to sales and 
marketing. 

While the various rapid prototyping technologies each have 
their own unique methodology and process, there are common 
elements that apply, at least in part, to each of these technologies. 
Although not specifically stated in the following process 
description, the unique factors of rapid prototyping, when compared 
to other manufacturing processes, are that there is minimal labor 
required and there is little requirement for thorough consideration of 
part design or construction techniques. 
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Well-known procedure methods Steps in design of 
products 

Detailed design, standards review; 
physical and analytical modeling 

Conceptual design: 

Evaluation and feasibility study 

 

Production of drawings; manuals, 
specifications 

 

Prototype production; testing and 
evaluation of product 

 

Definition of the customer needs 

Marketing information 
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2. Experimental work with a real case study for 
BMW Company 

The beginnings of the cooperation between a prominent 
motorcycle factory, Slovenian company Tomos, and the world-
renowned motorcycle manufacturer BMW date back to the late 19-
ies. With competitiveness in the manufacturing and supply of 
welded components for BMW, Tomos gained precedence over 
other companies, which enabled the growth of the company and its 
new owner Hidria, not only in the segment of welded components 
but also in the segment of smaller aluminium castings. The value of 
the successful supplier increased when BMW entrusted Tomos the 
task to enter the competition with other companies in the segment 
of complex welded components. 

Soon after my arrival in the company I was entrusted with the 
management of the project named BMW K71 with a large format 
drawing containing dimensional and technological requirements, as 
we can see in figure 2. We entered the nomination process with the 
rest of other major companies whose aim was similar to ours: to 
become manufacturers and suppliers of the complex welded 
product. 

 
Fig. 2 Drawing of the product rear frame K71. 
 

The product is the rear frame of the motorcycle BMW F 800 
S/ST made from steel structure, secured to the aluminium front 
frame with four mounting points, as indicated in the figure 3. Both 
frames serve as a bridge for mounting the chassis, seat and safety 
components. 

 
Fig. 3  BMW F 800 S/ST 2   

 

An F marked motorcycle is powered by a parallel twin engine 
manufactured by the Austrian company Rotax. Although the 
parallel twin-cylinder motorcycle is not very common in the world 
of motorcycling, BMW Motorrad opted for this model. A four-
cylinder engine would have been more expensive, heavier and 
larger. BMW, however, aimed at a powerful unit with more torque, 

and a parallel unit is much more aerodynamic. S stands for “Sport”, 
ST for “Sport Touring”. There are not many differences between 
those two quite similar motorcycles. F800 tends to be slightly 
sportier with angled front armour, a lower windshield, a lower 
position of a steering handlebar, grips instead of a rare tailgate, 
different wheel rims, a black front fender and an aggressively 
designed seating position. 

The parallel twin-cylinder motorcycle with a capacity of 800 
cubic centimeters provides high compression and produces more 
than one hundred horsepower per liter of displacement. A toothed 
belt means less weight, quieter operation and longer service life if 
compared with the chain transfer. Its most striking feature though is 
fuel consumption. Despite revving the engine at high RPMs, we 
will not significantly exceed five liters per hundred kilometers. 

2.1 From calculation to the first prototype 
The deadline for making the calculation was predetermined by 

BMW. BMW’s development department in Munich acceded to our 
request and soon we acquired a 3D model of the product, made in 
the program Catia 4.0. The product was disassembled to single 
elements and the indicative value for each of them was determined.  
The calculations of technological processes of welding, painting, 
inspection and delivery were followed by the final price and its 
entry into the BMW system. Our manufacturing costs turned out to 
be interesting to BMW assessors and we came to a shortlist of 
suppliers. 

The project team was given a month to prepare for the visit and 
assessment by BMW, in the areas of development, industrialization, 
quality and logistics. Assessment is carried out using SPQM system 
Supplied Parts Quality Management. 

SPQM is predestined to develop the questionnaire. At the end of 
each question assessors appropriately labeled the adequacy of the 
response to the “traffic lights”, as we can see in figure 4. 

 
Fig. 4 SPQM questionnaire, example in Tomos, 2005. 

 

This is based on the development process of vehicles and 
components, where BMW Group engineers and suppliers share 
responsibility for achieving challenging goals. The ‘Supplied Parts 
Quality Management’ (SPQM) has been created with a number of 
purposes in mind, 

• to ensure that the quality standards of all components and 
material used in all BMW Group products continue to please our 
customers; 

• to create a common group-wide operational standard for this 
very important activity; 

• to ensure that all the responsibilities concerning this activity 
are fully understood throughout BMW Group and throughout our 
supply chain; 

• to help all those involved complete their tasks in a professional 
manner and in line with the project timetable / BMW Group 
Production Materials Purchasing Division © 09/2000/. 

While waiting for the arrival of the assessors from the company 
BMW, the project team decided to manufacture the first prototype 
of the 3D model, which we had received from the R&D department 
in Munich. The steel frame is composed of 35 parts. Into 4 support 

Front frame 

Rear frame 
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tubes, two from the square and two from the circular cross-section, 
four welded pressed parts are inserted, which serve for mounting of 
the steel frame on the front aluminium frame.  

On each side of the support round tubes two short round and 
die-cut pipes are welded, which allow the location of the welded 
foot pedals for the passenger and the exhaust mounting bracket. In 
serial production, the pedal brackets and the exhaust bracket must 
be made by forging technology. The connection between the 
support tubes is provided by six different and technologically 
complex parts from sheet metal, on which 14 nuts for the 
installation of additional elements and security on the motorcycle 
are spot-welded. Four steel bushings inserted and welded into the 
support tubes enable the attachment of the lateral trunks and rear 
retaining brackets for the passenger.  

In its first phase, the future plan included the purchase of the 
material, all the tubes and sheets of suitable dimensions, and also 
the material on the basis of the drawing of the frame. 
Simultaneously with the purchase of all the materials, from which 
we had to manually manufacture the individual frame components, 
we focused on components manufacturing via prototyping 
technologies.  

According to the technologies of rapid prototyping known and 
available at that time in Slovenia, we decided on the technology of 
laser sintering, DMLS – direct metal laser sintering, to manufacture 
both pedals and the exhaust bracket. The device for direct metal 
sintering of metal powders was owned by the company RTCZ 
Izlake, which agreed to manufacture all three components. The 
device enabled a good shape accuracy and mechanical property of 
the sintered products, which were later welded together.  And what 
was then the most important; we received all three parts three days 
after sending 3D models to the company RTCZ. The remaining 
four, production components – pressed parts – were manufactured 
on a lathe and a milling machine in the tool workshop in Tomos.  

Figure 5 presents the exhaust bracket, which is made by rapid 
prototyping technology DMLS and its position on the bike. 

 

 
Fig. 5 The exhaust bracket, made with DMLS rapid prototyping technology 
and its position on the bike. 

 
A lot of knowledge and experience were invested in the 

manufacturing of the complex metal sheet components. There are 
many ways to manufacture a product by reading a drawing. 
However, due to the time limit, we decided to develop all sheet 
metal components in 2D shape using the program Catia. This was 
followed by the cutting of sheet metal with a water-jet technology, 
which, unlike the technology of laser cutting, maintained the cutting 
edge without excessive heat load and consolidation of the material. 
Consolidation of the material could later in the prototype workshop 
complicate the process of bending and adjusting the products to the 
requirements of the steel frame drawing.We managed to purchase 
and manufacture all the subassemblies needed to build the frame in 
time.   In the prototype workshop a colleague manually shaped all 
prepared sheet metal parts and other profiles into elements 
according to the accompanying drawings.  

Figure 6 shows the process of manufacturing the element, 
support steel sheet from 3D model to 2D cutting, welding and 
shaping into the required structure. 

 

 
 

 
 
Fig. 6 Process of prototyping the complex element. 

3. Final prototype 
This was followed by the required phase of adjustment and 

welding of all components to get the final product. The frame was 
welded manually using MIG procedure, with 3.5 m of welded 
joining parts between all the elements. 

Prototype required a lot of knowledge in the different welding 
processes between the different materials that we use. Construction 
of such prototypes is a unique process. Masters of producing such 
prototypes need a lot of experience, ingenuity and knowledge of 
modern technologies.  
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Figure 7 shows the first prototype, successfully and timely 
implementable with the project team. 

 

 
Fig. 7 First prototype. 

4. Conclusions 
The design of products and customer satisfaction is crucial to 

success in today’s global competition. The R&D project team 
responsible for the first calculations was aware of the fact that the 
buyer needed to be offered some added value in the first phase 
already, which resulted in the voluntary manufacturing of the first 
prototype, thus expressing our strong desire to become the supplier 
of the complex product. 

 
The product – the first prototype – made with different 

technologies of rapid prototyping was presented to a group of BMW 
assessors. The effort we had invested into creating the prototype 
and the successful completion of the assessment SPQM brought us 
BMW’s assurance and official nomination for the serial production 
of the steel frames BMWF 800 s and BMW F 800 ST. The 
nomination for the manufacturing of this complex product still 
guarantees the company the serial production of complex steel 
components and welded components made from aluminium alloys 
not only for BMW but also for other well-known motorcycle 
manufacturers. 
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