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10'1 ENVIRONS DE SAINT-ETIENNE. - St-Paul-en-Cornilkm, - Les Huit Portes et le 
Rochtr de Cornillon. - LL. 
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Industrial design cannot do it alone, but it gives the ‘finish coats’ to the train proposition. However, it only 
represents the tip of the iceberg in the process.  Industrial design is at the crossroads of distinct technical 
disciplines sometimes pursuing antagonistic goals:  engineering, marketing, branding, ergonomics, etc. The 
industrial designer strives to orchestrate and package these various options into the most attractive ‘ layered’ 
proposition to be superimposed on bones, muscles and nerves, as artful flesh and skin padding. His/her talent 
literally "transfigures " an initial set of input functions into a creative precipitate that will generate 
impressions, feelings, emotions.  At arm’s length with categorical logic, industrial design has the outstanding 
ability to touch our sensitivity channels:  the intensity of our passions always overrides reason... 

For their artistic deliverables, industrial designers have developed proven work methodologies. 
Traditionally, there are four major steps to be reckoned with, each one being subdivided into more or less 
numerous phases depending on project scope and extent. 

Impregnation stage  
This corresponds to a technical and marketing data collection to understand in depth all the specifications. 

This data collection is followed by a benchmarking initiative with the review of competing offers and by 
investigations documenting local culture, needs and behaviours and also by existing trend analyses in the train 
industrial design field and other related fields. 

The rendering of this gestation period takes the form of a ‘target-market positioning’ often represented by 
boards of style trends, and diagrams mapping the product design intentions relative to competition or 
specifying product design territories to be explored. The combination of all these elements is the product 
design strategy to be adopted throughout the study 

Creative stage  
It is the key period of the study, because it marks the genesis of the future product design. It is usually a 

two-act ‘play’ consisting of : 
•�Creative investigations as such, leading to several product design proposals meeting the objectives 

assigned. Basically, investigations are centred on the principal trainset components :  exteriors and livery, 
main interior fittings, design or even re-design of seat diagrams. All the elements are then submitted, reviewed 
and jointly assessed by decision-makers for engineering, marketing, business and sometimes PR people. 

•�A synthetic phase further to the decisions and comments made in the previous phase, giving rise to an 
original product design proposition reflecting expectations. That is the moment when the train exhibits its 
nearly final shape and sees the light of day 

The rendering usually takes the form of a Product Design Book presenting the stated objectives and the 
product design proposition in the form of diagrams, 3D photo-realistic images, presentation videos and 
sometimes a reduced-scale model or a scale 1 model. 

 

 

 

�

Fig. 16: CAD and the 3D imagery accuracy make possible the display of the product’s final 
appearance- Synthetic image on the left hand and true-to-life rolling stock  on the right hand side. 
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Development stage  

The industrial design options, after the creative phase, are then finalised in each and every technical and 
visual detail for train exteriors and interiors and are benchmarked on a continuous basis with the currently-
emerging industrial developments. It is the right time for the industrial designer to demonstrate that his/her 
work meets all the constraints, like aerodynamics, drivers’ sighting criteria, detailed dimensional and 
ergonomic specifications, illuminance, accessibility and maintainability criteria.  

 
It is also during this stage that the product design’s detailed concepts will be extended very precisely over 

all the train areas : bar or catering coach, access vestibule, toilets, luggage area, driver’s cab, etc... 
Always based on CAD, this phase will be include a rendering in 3D files, reference boards for colours and 

materials, an executive document for graphic elements. In a few cases, this stage will also lead to the 
development of scale 1 mock-ups, but if not, in the remainder of cases, photorealistic images will always be 
presented. 

Industrial follow-up stage 

Industrial development and sometimes its unfortunate side effects – require detail modifications not 
caught in the net of the previous development stage. However minor these changes may seem, they may 
downgrade significantly the final development quality outturn.  The product designer monitors all the 
industrial cycle to keep up with the original product design policy injunctions. All the changes are made 
consistent with this policy. The product designer also checks and validates the production of early specimens 
in terms of quality of appearance and assembly, due compliance of materials and colours, etc.  His assigment 
really terminates when the first trainset enters revenue service... 

After partnering for decades, industrial designers and railway suppliers have developed an unshakeable 
bond and despite their different backgrounds, the gaps between them have been bridged due to their 
complementary stances. Now, industrial designers and railway suppliers look as though they intend to live up 
to the promise of "Beauty and the Beast". 

Fig. 19: Scale one mock-up for 
Reims tramway: the real-size 
representation remains the most 
reliable method for validation of 
rolling stock industrial design. 
(MBD Design) 

Fig. 17  (left): Ergonomics cannot be dissociated from industrial design in the transport industry, 
passengers and train crews come together, ergonomics and industrial design are all in one (MBD Design). 
Fig. 18 (right): Industrial designers know how to take into account the fucntionnal specifications in their 
developments and how to interact with them, for instance to meet sighting requirements. (MBD Design). 
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34  Under the £2.2 million Future Railway Programme funded by the British Railway Standards and Safety Board (RSSB) 
and Network Rail, in conjunction with the Department for Transport (DfT) and the Royal Institute of British Architects 
(RIBA), the Munich based design office Andreas Vogler has developed the “Aeroliner 3000” concept with the scientific 
support of the German Aerospace Center (DLR). 
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Required effort 

One axle tontrol 

Corrected effort 
,__ ____ Motor control 

AP correct on 

Anti-slip 
Anti-slide 
function 

Valve and 
sanding nozzle 

Envelop of the maximum available adhesion 

- Train speed _ __ _ - - - -- -

Delta V 

Anti-slip/antJ-slide functions are 
based on axle speed differences, 
acceleratiorJdeceleration levels and 
Jerk ( derivative of acce'eration) of 
the monitored axle 
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Adhesion coefficient 

/fo 

Low slip 
operating area 

Eifert 

Pseudo-sllpping 

\ 

Static effort setting point 

20 to30% 

Large slip 
operating area 

Wilh deceleration control 

Without deceleration control 

I 

• U nstable zones 

Slip(%) 

Re-adhesion 

Absolute Slip VT ·Vw 
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1990 1995 2000 2005 2010 

1,7kV-3600A 

3,3kV- 1500A 

4,5kV-1200A 

6,5kV-1000A 
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IGBT chip 

Diode chip 

Baseplate ALSiC or copper 

Substrate ALN 

Silicon 
Aluminium wire (bonding) 

Metallization 

Solder 

ALN substrate 

 Baseplate ALSiC or copper 
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1700V 

3300V 

4500V 

6500V 

900V max 

2000V max 

2800V max 

4000V max 

DC bus voltage Choice of IGBT max voltage  (VCES) 
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Sicherer RDcl<Wlrla-Arb1lllb1r1lch IGBT-Wr, [RSSOA) 
r1v1rs1 blll .. ,. oper• Ung .,,.. lßßT-lnv, (RBSOA) 
le = f (VCF): Voo <= 4~00 V 
Vr.c = .,s V, Ra.,., = 90 D, T,, = 12s·c. c.,. = 68 nF 

1lC") 

r., - 1i~·c1 
T,, .. -,'5" 

,~•tlt) 

,ouu 

~111) 

~ 
.!i 

1-i..i('I 

~00 

200 

0 --------------'--'--' ,oou :<000 ◄ noo •~~1 ooou 
Vcc M 

Slcheror Ar'oott1ber1lch Dlod1-W1chsolr. (SOA) 
11v1 opor1Uon 1111 dlOd~lnvartor (SOA) 
IH =l(VH) 
T, 1 = 125"C 

~ 
" 

•~J<J r.=====:-----------, 
1-1,,Mn<lul l 

11N)() 

1lW 

•illO 

1,1(/ " ~ 
}O(J 

0 ,__..;_ __________ __._, 

t1 11MIU /000 .1(J(JO llllln ~I() t,000 /0,XI 
V•M 
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6  Of course, such a standard cannot claim to be comprehensive but using it has the advantage of providing a common 
railway framework for the management of interfaces, particular requirements, or even the architecture of the TCMS 
monitoring system. But there is always a possibility of unlisted functions or of a standard function designation that does 
not exactly match the requested functionality. 
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1    See vol. 1, chapter 3. 
2  GTO: Gate turn-off thyristor. IGBT: Integrated Gate Bipolar Transistor. For more details, see chapter 8.1, Electric Traction. 
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3  See vol. 1, chapter 2, definitions relating to rolling stock. 
4  The adhesion coefficient (μ) is the ratio of the maximum attainable (traction or braking) force to the vertical force of a 
wheel onto the track. See 8.1.3 for more details. 
5  See vol. 2, chapters 6.2, 6.3 and 6.4 
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