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Preamble

The	rail	industry	and	the	rail	operators	have	the	common	goal	of	commissioning	rail	vehicles	
of	high	quality	and	on	agreed	terms	and	conditions.	One	key	role		is	their	development	in	the	
appropriate	quality	–	because	increasing	performance	requirements	placed	on	the	products	
and	ever	stricter	laws	and	approval	regulations	(e.g.	relating	to	the	environment	or	European	
harmonisation)	demand	adaptations	in	the	product	design		of	rail	vehicles.

To	this	end,	the	German	Railway	Industry	Association	(VDB)	and	Deutsche	Bahn	AG	(DB	AG)	
issued	a	memorandum	of	understanding	on	their	decision	to	launch	a	quality	partnership	
for	the	development	of	rail	vehicles.	It	is	intended	to	bundle	the	knowledge,	experience	and	
competencies	of	the	rail	industry	and	the	operators.	This	guideline	represents	an	important	
element	in	the	quality	partnership.

This	guideline	describes	a	process	model	using	methods	from	Quality	Engineering	(QE	process	
model).	Due		to	this	model,	the	parties	involved	in	the	manufacturing	process	are	able	to	rec-
ognise	risks	already	at	the	early	stages	of	design	and	thus	avoid	them.	The		described	actions	
for	quality	assurance	place	the	main	emphasis	on	trustful	co-operation	by	the	players	in	the	
development	of	rail	vehicles	and	their	subordinate	systems	(sub-systems).

This	guideline	is	recognised	by	the	VDB’s	member	companies	as	the	“industry	standard”.	In	
the	future	it	will	be	taken	into	account	during	the	design/engineering	of	rail	vehicles	and	
their	systems.	It	aims	to	advance	the	engineering	in	companies	in	the	rail	industry	through	
the	application	of	quality	management	methods,	to	minimise	risks	and	to	improve	the	
transparency	of	the	supply	chain.	The	guideline	indicates	the	options	for	achieving	this.	The	
companies	themselves	are	responsible	for	implementing	the	resulting	requirements	for	the	
engineering	in	a	suitable	manner.	However,	the	minimum	standard	achieved	should	be	that	
set	forth	in	the	guideline:

•	 Establishing	structured	product	design	processes,	taking	technology	readiness	and	
	 integration	readiness	levels	into	account;
•		 Evaluating	the	system	through	systematic	analysis	of	functional	and	non-functional	
	 requirements	(checklists)	and	review	them	after	changes	have	been	made;
•		 Demonstrating	specific	actions	for	assuring	the	quality	of	the	design	process	right	at	the		 	
	 outset	based	on	a	quality	plan	and	their	consistent	implementation	with	documentary		 	
	 evidence;
•		 Assessing	the	readiness	levels	using	the	QE	process	model	upon	completion	of	each	phase			
	 (and	communicating	the	results	to	the	client).

The	QE	process	model	is	intended	for	introduction	throughout	the	rail	industry	and	should	be	
applied	during	the	entire	development	process	of	a	product.	To	avoid	influencing	competition,	
the	guideline	will	initially	apply	only	after	the	tender	phase.	However,	it	is	expedient	to	apply	
the	process	model	also	during	elaboration	of	the	offer.

The	increased	transparency,	the	identification	of	a	system’s	critical	elements,	and	the	actions	
to	be	derived	therefrom	are	all	of	great	importance	for	the	offer.

Preamble

Terms	shown	in	bold	
type	are	explained	in	the	
glossary

i
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Preamble

Application	of	the	methods	and	processes	should	concentrate	on	early	error	prevention.	
The	associated	systematic	assurance	of	results	reduces	the	effort	needed	for	and	the	costs	of	
subsequent	corrective	actions.	A	gradual	introduction	can	compensate	the	initial	temporary	
extra	effort.

Furthermore,	the	rail	industry	expects	a	reduced	effort		due	to	the	optimised	monitoring	of	
development	projects	by	applying	this	guideline.	Quality	Gate	Reviews	should	be	streamlined	
and	the	results	of	the	QE	process	model	should	feed	into	them.	Evidence	of	the	readiness	lev-
els	which	is	of	equivalent	quality	and	quantity	should	be	recognised	during	this	process.

This	guideline	was	developed	jointly	by	the	major	market	participants.	It	is	planned	that	its	
contents	will	be	incorporated	into	the	ongoing	development	of	the	International	Railway	
Industry	Standard	(IRIS).	The	guideline	is	not	restricted	to	companies	engaged	in	develop-
ment	activities	in	Germany,	but	should	also	be	applied	and	implemented	in	the	international	
context.

In	addition,	this	guideline	will	help	in	generating	the	requirements	more	functional	and	in	
limiting	detailed	descriptions	to	those	elements	which	need	standardisation	across	multiple	
projects,	e.g.	for	integration	into	an	existing	infrastructure	or	in	the	case	of	standard	solutions.

Thanks	to	all	these	aspects,	manufacturers	and	operators	alike	can	achieve	the	desired	results	
and	thus	contribute	to	the	continuing	partnership-based	development	of	the	rail	sector.
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1|	Objectives	of	the	guideline

Enhanced	co-operation	and	communication	
Even	closer	co-operation	between	manufacturers	of	rail	vehicles	and	their	suppliers	is	one	
aspect	of	the	future	viability	of	the	railway	industry.	One	of	the	things	needed	for	achieving	it	
is	a	common	understanding	of	the	requirements	and	the	path	towards	qualitative	assurance	
of	results	and	deadlines,	intensive	and	frank	communication	about	the	necessary	actions,	
and	transparency	concerning	these	topics	between	all	those	involved	along	the	entire	supply	
chain.

This	guideline	is	intended	to	contribute	this	process	by	providing	assistance	in	deriving	pre-
ventive	actions	for	the	assurance	of	development	projects	in	the	railway	industry,	which	take	
the	development	status	of	the	overall	system	and	those	of	the	sub-systems	into	considera-
tion.	This	will	markedly	reduce	the	development	risks.

Accomplish	a	common	understanding	of	Quality	Engineering	
Furthermore,	the	guideline	should	achieve	a	common	understanding	of	quality	engineering	
and	the	use	of	quality	engineering	methods	(QE	methods)	within	the	supply	chain.	It	also	
describes	how	critical	elements	can	be	systematically	identified	at	an	early	stage.	At	the	
same	time	it	outlines	approaches	for	value-based	and	targeted	deployment	of	preventive	QE	
actions	in	the	development	of	complete	rail	vehicles	and	their	subordinate		systems	and/or	
components.	The	guideline	enables	the	manufacturers	to	concentrate	on	those	actions	that	
have	been	identified	as	relevant	and	effective.

Commissioning	of	rail	vehicles	on	the	agreed	terms	and	conditions	
This	guideline	is	intended	to	assist	in	achieving	the	common	objective	of	operators	and	man-
ufacturers:	commissioning	high	quality	rail	vehicles	on	the	agreed	terms	and	conditions	–	for	
example	those	applying	to	technical	properties,	deadlines	and	costs.

Establish	transparency	and	comparability
Application	of	the	guideline	enables:
	
	 •	 the	comparability	of	the	development	statuses	of	the	individual	systems	from	which	a		 	
	 	 rail	vehicle	is	constructed;
	 •		 the	realistic,	comparable	description	and	assessment	of	the	quality	assurance	actions		 	
	 	 and	inputs	required	for	the	development	goals	to	be	achieved	with	certainty.

These	objectives	are	achieved	through	application	of	the	QE	process	model.	It	uses	readiness	
models	as	a	basis	for	focusing	on	identifying	the	development	statuses	of	the	superior		and	
subordinate		systems	within	a	vehicle	project.	It	also	makes	it	possible	to	track	the	progress	of	
development	by	means	of	comparison	with	a	product	design	process	as	a	reference	and	using	
defined	items	of	evidence	throughout	the	development	process.
This	comparison	is	based		on	a	systematic,	standardised	analysis	of	the	complete	superior	
system	and	the	subordinatesub-systems	of	the	rail	vehicle.

Objectives of the guideline
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The	analysis	takes	account	of	the	function	view	and	the	component	view,	and	enables	identi-
fication	of	those	elements	in	a	system	that	exhibit	the	lowest	level	of	readiness.	The	necessary	
QE	actions	are	derived	based	on	the	deviations	from	the	target	statuses	of	the	product	design	
process	(PDP).	This	guideline	proposes	QE	methods	depending	on	the	degree	and	the	type	
of	deviation	and	the	time	of	its	occurrence.	It	is	then	up	to	the	manufacturer	or	developer	to	
draw	up	a	QE	action	plan		for	each	system.

Assuring	innovation
The	railway	industry	works	on	advancing	the	technology	in	rail	vehicles	with	the	aim	of	long-
term	success	on	the	market.	In	this	process,	readiness	models	can	be	used	to	describe	the	
statuses	of	systems,	in	order	to	pinpoint	risks	and	obtain	a	transparent	view	of	the	quality	
assurance	needed	for	innovations.	For	the	analysis,	a	system	with	a	low	level	of	readiness	in	
combination	with	a	plausible	action	plan	for	assuring	the	objectives	within	a	defined	time	
frame	is	regarded	as	equivalent	to	a	system	that	already	exhibits	a	higher	level	of	readiness.

Minimising	efforts
At	the	beginning	of	a	project,	the	QE	process	model	requires	a	certain	amount	of	initial	ef-
forts,	but	gains	in	the	later	phases	compensate	for	this.	All	the	analyses	are	conducted	on	the	
basis	of	standard	checklists	with	questions	about	defined	topic	areas	–	so	relevant	topic	areas	
and	their	status	are	systematically	recorded.	As	the	QE	process	model	is	applied	more	fre-
quently,	learning	effects	become	apparent	which	decreases		the	initial	amount	of	efforts.	This	
guideline	recommends	the	manufacturers	to	integrate	the	processes	of	the	QE	process	model	
into	their	corporate	processes,	in	order	to	avoid	duplicated	effort	that	could	arise	due	to	inade-
quate	synchronisation	of	the	contents	of	their	development	and	quality	processes	with	the	QE	
process	model.	This	applies	in	particular	given	that	the	functional	description	of	systems	by	
the	clients	is	becoming	ever	more	important.	This	have		to	be	taken	into	consideration	equally	
by	the	manufacturers	and	the	suppliers	of	sub-systems	in	their	development	processes.	
The	analyses	of	the	development	statuses	of	systems	also	build	on	the	function	view.

Objectives of the guideline
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2|	QE	process	model

There	are	two	basic	approaches	for	developing	rail	vehicles	(Figure	1):
	
	 1.	 Adoption	of	tried-and-tested	systems	with	adaptive	development:	the	manufacturers			
	 	 construct	new	rail	vehicles	by	evolving	them	out	of	tried-and-tested	systems.

	 	 This	approach	focuses	principally	on	integrating	the	subordinate	systems	into	the	new,		
	 	 superior	overall	system.	Another	major	focus	is	the	analysis	of	the	boundary	conditions		
	 	 –	for	example	amended	licensing	regulations	and	laws,	other	use	profiles	or	changing	
		 	 installation	conditions.	Other	factors	include	changing	performance	requirements
	 	 placed	on	the	systems.

	 	 The	developers	must	identify	how	the	requirements	of	the	existing	system	differ	from		
	 	 those	of	the	new	system,	and	use	this	information	to	derive	the	necessary	actions.	
	 	 This	procedure	is	applied	in	most	rail	vehicle	projects.

	 2.	 Developing	new	systems	and		new	sub-systems:	a	high	degree	of	innovation	is	required		
	 	 to	develop	new	rail	vehicles	or	sub-systems.

QE process model

QE	process	model		(Fig.	1)

Adoption	of	tried-and-
tested	systems	with	
adaptive	development	
Aspects:
-  Comparability
-  Systematic identification    
    and classification of  
    deviations
-  “Common basis” 
-  Starting point
-  Reference process

Application of preventive QE actions 
(analysis-based, phase and result-specific)

Objective
Commission rail vehicles on agreed terms 
and conditions
- Properties (high quality) 
- Deadline
- Budget

Development	of	new	
systems
- Reference process
-  Baseline for orien-
 tation/classification

QE	process	model
Structured, standardised approach
•  Reference process: product design
•  Measurements:
 - Technology readiness (TR)
 - Integration readiness (IR)
•  Method of analysis:
 - Function and component views
 (application of EN 15380 -2/4)
•  Assuring results:
 Suitable QE methods based on: 
 - Levels of readiness
 - Deviation from desired result
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Process	steps	in	the	QE	process	model		(Fig.	2	part	1)

Client: 
user	specifications	(US)	/	requirements

Contractor designs the superior 
system:  
functional	specifications	(FS)	/	
requirements	incl.	vehicle	concept

Standardised	structure	for	require-
ments	for	superior-system	
(from	US	and	FS)
- Non-functional
-  Functional

Non-functional

Functional

Standardised	structure	for	descri-
bing	the	reference	system
	
Definition of
requirements
from US and FS
 

Reference	product
design	process
TOOLS.xlsx Sheet:
“PRODUCT_DESIGN_PROCESS”

Record	
-  Requirements
-  Necessary but not yet specified  
    requirements

Selection	of	reference	system
-  Identification of system with 
   best match with new system

Checklist 
TOOLS.xlsx Sheet:
“Non-functional requirements”

OutputInput Process

Record	deviations of new system 
from reference system and / or need 
for new definition / design

-  Non-functional

- Functional (see Fig. 2 part 2)

(Fig.	2	part	2)

Results for documentation 

QE process model
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Process	steps	in	the	QE	process	model		(Fig.	2	part	2)

Description of the relevant 
functions of the systems of rail 
vehicles based on EN 15380-4

Standardised	structure
Recording and describing the 
functions of systems

Generic description of the stages
- TRL / IRL 
TOOLS.xlsx Sheet:
“TRL_IRL_MEASUREMENTS_LEVELS”

Recommendation of specific 
(phase and result) QE METHODS 
for assuring the results
TOOLS.xlsx Sheet: “QE_METHODS”

Classifying the deviation according 
to defined readiness levels in
TRL / IRL

Identifying critical elements
(readiness level / serious deviation)

CHECKLIST OF FUNCTIONAL 
REQUIREMENTS 
TOOLS.xlsx Sheet: 
“Functional requirements”

SUMMARY OF QE ACTIONS
TOOLS.xlsx Sheet: 
“Summary_QE_Actions”

Results for documentation

QE ACTION PLAN 
TOOLS.xlsx Sheet: 
“QE_ACTION_plan_generic“

OutputInput Prozess

Selecting and assigning suitable  
QE actions for assuring 
the results 

Creating comparability
-  Element with lowest readiness 
    level (TRL / IRL)
-  Number of main functions 
    needing QE actions

Recording deviations of new system 
from ref. system / need for new 
definition / new design

- Non-functional

- Functional

QE process model
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In	this	approach,	actions	for	assuring	the	necessary	results	are	of	great	importance	in	every	
phase	of	product	development.

In	both	approaches,	the	developers	should	assure	their	results	by	means	of	progress	checks.	
The	generic	product	design	process	(PDP)	provides	orientation;	this	process	assigns	specific	
development	goals	to	the	individual	phases.	Development	risks	can	also	be	reduced	by	recom-
mendation	of	preventive	QE	methods	specific	to	the	phase	and	the	result.

The	QE	process	model	is	based	on	the	following	elements:

	 •		 Product	design	process	(PDP)	with	defined	objectives	for	the	phases	as	the	reference		 	
	 	 process;
	 •		 Measurements	for	determining	the	development	status:	technology	readiness	level	
	 	 (in	TRL)	and	integration	readiness	level	(in	IRL);
	 •		 Analytical	methods	for	evaluating	the	status	of	systems	and	their	deviations	from	
	 	 comparator	systems,	from	the	function	and	component	views;
	 •		 Assuring	results	by	recommending	appropriate	QE	methods	based	on	the	levels	of	
	 	 readiness	and	the	deviations	from	the	desired	result.

Figure	2	(parts	1	and	2)	describes	the	steps	in	the	QE	process	model	and	the	relevant	inputs	
and	outputs.	A	structured	and	comparable	approach	is	possible	due	to	checklists	for	the	in-
puts,	the	generic	product	design	process,	the	stages	in	determining	the	levels	of	readiness	and	
the	recommendation	of	QE	methods	for	assuring	phase-specific	results.	The	QE	process	model	
provides	output	in	the	form	of	systems’	development	status.	Uniformly	structured	checklists	
and	action	plans	ensure	that	the	status	is	transparent	and	comparable.

3|	Elements	of	the	guideline

3.1	Product	design	process	(PDP)	for	rail	vehicles

This	guideline	describes	the	procedure	within	the	product	design	process	(PDP)	for	rail	vehi-
cles,	from	the	“Tender”	phase	all	the	way	to	the	“Operation/warranty”	phase	(Figure	3).	The	
development	methodology	is	function-based:	the	starting	point	for	the	design	process	is	the	
functions	that	a	system	has	to	fulfil.	The	required	construction	elements	are	also	derived	from	
these	functions.

The	PDP	therefore	describes	the	results	of	every	design	phase	from	the	function	and	compo-
nent	views.	The	desired	results	for	each	phase	and	the	standard	structure	of	the	PDP	allow	
different	systems	to	be	compared.	When	existing	solutions	are	transferred	to	a	new	project,	
the	PDP	makes	it	possible	to	allocate	a	system	to	a	design	phase	on	the	foundation	of	objec-
tively	verifiable	results.

QE process model
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The	PDP	of	the	QE	process	model	represents	a	generic	process	with	specific	quality	assurance	
actions	defined	for	each	development	phase.	In	addition,	the	results	that	have	to	be	achieved	
in	each	phase	are	defined,	along	with	the	evidence	required	to	show	that	they	have	been	
achieved.	The	PDP	is	therefore	a	product-oriented	process.	By	contrast,	the	specific	develop-
ment	processes	of	the	manufacturers	are	frequently	oriented	on	the	workflows	in	devel-
opment.	The	manufacturer	has	the	task	of	transferring	the	requirements	for	development	
phases	to	its	own	development	process.

The	PDP	is	divided	into	generic	phases,	the	first	of	which	is	the	tender	phase	and	the	last	is	
the	warranty	phase.	The	PDP	includes	the	engineering	phases	“Tender”,	“Concept”,	“Interme-
diate	design”	and	“Final	design”.	These	phases	are	structured	in	line	with	the	procedure	set	
out	in	the	VDI	guidelines	2206	(Design	methodology	for	mechatronic	systems)	[VDI	2206]	and	
2221	(Systematic	approach	to	the	design	of	technical	systems	and	products)	[VDI	2221].	The	
other	phases	are	oriented	on	the	railway	vehicle	handbook	“Handbuch	Eisenbahnfahrzeuge”	
[BUN	2010]	and	on	the	established	practice	for	commissioning	rail	vehicles.

Milestones	describe	the	results	that	have	to	be	achieved	upon	completion	of	the	individual	
phases.	It	can	thus	be	ascertained	whether	the	respective	objectives	have	been	reached.	Read-
iness	models	add	more	precise	detail	to	this	classification:	they	use	systematic,	standardised	
questions	about	predetermined	categories	in	defined	stages	to	present	the	status	of	devel-
opment	projects	in	a	comprehensible	and	transparent	manner.	The	readiness	models	and	the	
stages	are	described	in	detail	in	section	3.2.

The	milestones	also	provide	the	basis	for	co-ordination	and	synchronisation	within	the	supply	
chain.	Here	the	developers	do	not	have	to	adhere	exactly	to	the	reference	process,	but	instead	
it	serves	to	indicate	which	results	in	the	individual	phases	are	helpful	for	achieving	the	objec-
tives.	The	developers	of	the	systems	are	responsible	for	taking	these	results	into	consideration	
during	their	work.

Figure	4	shows	the	phases	of	the	PDP	and	the	categories	of	results,	which	allow	systematic,	
phase-specific	evaluation	of	the	phase-specific	results.	It	also	describes	the	phase-specific	
results	of	project	management	and	quality	management.	They	determine	such	things	as	the	
content	and	timing	of	communication	in	the	supply	chain	and	the	preparation	of	quality	engi-
neering	action	plans	(QE	plan).

Generic	reference	process:	product	development	process		(Fig.	3)
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Elements of the guideline

Schematic	diagram	of	the	product	design	process	(PDP)		(Fig.	4)

TR-levels 3.1 3.2 3.3 3.4

IR-levels I II.I II.II II.III

Development	
phase

Planning - requirements for 
information
- Compilation 
- Recognition of gaps

Conceptual design 
- Functional structures  
- Basic solutions

Drafting and designing 
modular structures
Elaborating solutions/ 
functional structures 

Overall draft design

Function
view

Specifying and describing 
main functions

Specifying and describing 
overall function and major 
sub-functions
Specifying how functions are 
fulfilled (draft system design) 
by functional structures (incl. 
sub-functions) and operating 
principles and/or functional 
architecture control)

Division of elements for control 
(hard-wired/software; 
superior/subordinate)

Component
view

General arrangement
of structure/space 
is determined (black box)

General arrangement 
of structure/space 
is determined (black box)

Design of key modules (sub-
systems and system elements, 
e.g. assemblies, individual 
parts), including linkages 
(interfaces) / programming the 
software modules (control) 

All major design decisions 
have been made,
Completion of design and 
linkage of all components / 
software modules (control) 
of the system

Agreeing project communica-
tion / status / duty to provide 
or collect information / format 
of communication (e.g. VDB 
Requirement Interchange 
Format / RIF) with the aim of 
exchanging as much concrete 
information as possible

Schedule with fixed co-ordina-
tion times  for  interfaces

Procedural strategy for the 
co-ordinating with the operator 
(final customer) and for the 
support of the system supplier 
by the sub-system supplier;
Project-related exchange of 
information between superior/
subordinatesystems, e.g. 
change management, regular 
co-ordination after each phase;
Step-by-step approach for 
synchronising the entire supply 
chain

Entire supply chain is syn-
chronised

Project-related exchange of 
information between superior/
subordinatesystems, 
Active life of change man-
agement (bilateral) for all 
co-ordinated topics - regular 
co-ordination after each phase

Ongoing documented progress 
tracking

Project-related exchange of 
information between system 
and sub-system,
Active life of change 
management (bilateral) for all 
co-ordinated topics - regular 
co-ordination after each phase

QE plan for systems based on 
readiness level analysis 
(TRL /IRL)  

Plan for elements not yet taken 
into account

Updated analysis-based QE plan -  evaluation of the elements on the critical path 
- review after each phase

Action plan for elements not yet taken into account

Project
phases

Tender	/	clarification Concept Intermediate	design Final	design Production

 Q
 m

an
ag

em
en

t /
 Q

E 
pl

an
PM

 - 
su

pe
rio

r/
su

bo
rd
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at

es
ys
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Pr
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ev
el
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t

Reference product design process: determination of desired results for each phase 
- Provides orientation
- Deviations indicate a need for further analysis

Separate detailed presentation available at www.bahnindustrie.info 
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Elements of the guideline

TR-levels 3.1 3.2 3.3 3.4

IR-levels I II.I II.II II.III

Development	
phase

Planning - requirements for 
information
- Compilation 
- Recognition of gaps

Conceptual design 
- Functional structures  
- Basic solutions

Drafting and designing 
modular structures
Elaborating solutions/ 
functional structures 

Overall draft design

Function
view

Specifying and describing 
main functions

Specifying and describing 
overall function and major 
sub-functions
Specifying how functions are 
fulfilled (draft system design) 
by functional structures (incl. 
sub-functions) and operating 
principles and/or functional 
architecture control)

Division of elements for control 
(hard-wired/software; 
superior/subordinate)

Component
view

General arrangement
of structure/space 
is determined (black box)

General arrangement 
of structure/space 
is determined (black box)

Design of key modules (sub-
systems and system elements, 
e.g. assemblies, individual 
parts), including linkages 
(interfaces) / programming the 
software modules (control) 

All major design decisions 
have been made,
Completion of design and 
linkage of all components / 
software modules (control) 
of the system

Agreeing project communica-
tion / status / duty to provide 
or collect information / format 
of communication (e.g. VDB 
Requirement Interchange 
Format / RIF) with the aim of 
exchanging as much concrete 
information as possible

Schedule with fixed co-ordina-
tion times  for  interfaces

Procedural strategy for the 
co-ordinating with the operator 
(final customer) and for the 
support of the system supplier 
by the sub-system supplier;
Project-related exchange of 
information between superior/
subordinatesystems, e.g. 
change management, regular 
co-ordination after each phase;
Step-by-step approach for 
synchronising the entire supply 
chain

Entire supply chain is syn-
chronised

Project-related exchange of 
information between superior/
subordinatesystems, 
Active life of change man-
agement (bilateral) for all 
co-ordinated topics - regular 
co-ordination after each phase

Ongoing documented progress 
tracking

Project-related exchange of 
information between system 
and sub-system,
Active life of change 
management (bilateral) for all 
co-ordinated topics - regular 
co-ordination after each phase

QE plan for systems based on 
readiness level analysis 
(TRL /IRL)  

Plan for elements not yet taken 
into account

Updated analysis-based QE plan -  evaluation of the elements on the critical path 
- review after each phase

Action plan for elements not yet taken into account

Project
phases

Tender	/	clarification Concept Intermediate	design Final	design Production Production Type	test	prior	to	
integration	/		

first	sample	test	(FST)	

Static	commissioning Dynamic	commissioning Authorisation	for	
placing	the	vehicle	in	

service

Operation	/	
warranty

4 5 6 / 7 8 9

III IV.I IV.II IV.III V

Assurance of properties through verification / validation

Experimental vehicle 
Near-series product
First sample

First sample / series element 
integrated into superior 
system

First sample / series element 
integrated into superior system,
Adaptation / programming of 
integrative part (higher / 
subordinate system) of soft-
ware (control) as far as dynamic 
commissioning

Series element integrated 
into superior system

Series element integrat-
ed into superior system

Project-related information exchange between system and sub-system
Actively living the change management (bilateral) for all co-ordinated topics - regular co-ordination after each phase

Updated, analysis-based QE plan - assessment of the elements in the critical pathway - review after each phase
Plan of action for elements not yet taken into consideration

 Q
 m

anagem
ent / Q

E plan
PM

 - superior/subordinatesystem
Product developm

ent
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Integration	of	the	supply	chain	during	the	development	of	rail	vehicles	is	a	major	factor	af-
fecting	success	–	because	the	overall	systems	are	built	up	from	sub-systems,	and	the	majority	
of	them	have	to	be	either	adapted	and/or	developed	specifically	for	each	project.	The	current	
state	of	the	art	is	modular	solutions	and	platform	solutions.	The	systems	are	developed	in	
advance	for	specified	use	cases.	However,	the	manufacturers	have	to	ensure	that	the	original	
requirements	placed	on	the	systems	correspond	to	the	requirements	of	the	new	system.	Here,	
too,	the	QE	process	model	helps	developers	by	enabling	them	to	conduct	a	systematic	analysis	
for	identifying	deviations.	In	some	cases	the	requirements	placed	on	the	subordinate	systems	
cannot	be	specified	until	the	concept	phase	for	the	superior	system,	since	prior	to	this	not	
all	the	required	information	is	available.	For	this	reason,	these	systems	can	only	be	devel-
oped	after	this	point.	As	a	rule	this	reduces	the	time	available	for	developing	the	subordinate	
ssystems.	The	risk	of	this	happening	can	be	minimised	using	the	simultaneous/concurrent		
engineering	procedure.	To	incorporate	the	subordinate	systems	into	the	superior	system,	they	
have	to	be	physically	integrated	into	the	overall	system	following	the	type	testing	and	first	
article	inspection	and	at	the	latest	at	the	time	of	static	commissioning.	However,	it	is	possible	
that	the	integration	has	to	take	place	much	earlier	in	the	assembly	process,	depending	on	the	
individual	project.	In	such	cases	the	design	process	for	the	subordinatesubordinate	systems	
starts	after	that	of	the	overall	system,	although	it	ends	before	that	of	the	overall	system.	The	
development	period	for	the	sub-systems	has	to	be	shorter	than	that	for	the	overall	system.	
The	cascade	relationship	between	the	partners	in	the	supply	chain	is	shown	in	Figure	5.

The	cascade	within	the	supply	chain		(Fig.	5)

Cascading the PDP from the overall system to the supply chain: superior (overall) system manufacturer > subordinatesystem 
manufacturer > subordinate(component) system manufacturer

The PDPs of the superior and subordinatesystems (supply chain) have the same structure. The PDP of the subordinatesys-
tems / supply chain is compressed and starts with a time lag
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3.2	The	models	for	technology	readiness	level	(TRL)	and	integration	
readiness	level	(IRL)

Readiness	models	make	it	possible	to	determine	the	development	status	of	complex		systems	
in	a	transparent	and	comprehensible	way.	The	level	of	readiness	is	evaluated	on	the	basis	of	
specifically	defined	attributes,	to	which	various	requirements	are	assigned	stage	by	stage.
The	degree	to	which	these	requirement	stages	are	fulfilled	determines	the	system’s	level	of	
readiness.	Readiness	models	thus	make	the	progress	of	complex	systems	transparent	during	
the	process	of	product	development.	Not	only	the	defined	attributes	play	a	key	role	here,	but	
so	do	regular	evaluations	of	the	system	in	a	predetermined	schedule	–	frequently	during	each	
phase.	Figure	6	illustrates	the	basic	structure	of	readiness	models.

Principle		of	readiness	models	[AKK2013]		(Fig.	6)

Element not taken
into account

Req.= requirement

Object	under	examination

Observatio
n

Im
provement

Comparison

Evaluation /
actions

Evaluator	/
assessor

Defined readiness levels with 
level-dependent requirements

and attributes

Readiness	model

                   Readiness levels  
  1 2  ... n
 Attribute 1 Req. 1.1 Req. 1.2  ... Req. 1.n

 Attribute 2 Req. 2.1 Req. 2.2  ... Req. 2.n
 ... ... ...  ... ...
 Attribute m Req. m.1 Req. m.2  ... Req. m.n

The readiness level models TRL and IRL
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A	level	of	readiness	is	regarded	as	reached	only	when	not	only	the	local	criteria	for	that	par-
ticular	level	have	been	met,	but	also	those	described	at	the	previous	stage	(so	each	level	of	
readiness	builds	on	the	previous	ones	[AHL	2005]).	If	this	is	not	the	case,	the	level	of	readiness	
of	the	system	is	reset	to	the	level	that	has	already	been	fulfilled.	A	system	reaches	a	higher	
readiness	level	only	if	it	fulfils	all	the	criteria	defined	for	the	higher	level	–	the	level	of	readi-
ness	is	always	determined	by	the	weakest	part	of	the	system.

Readiness	models	have	already	been	successfully	established	in	other	sectors,	too,	e.g.	the	
aerospace	industry,	which	applies	levels	of	technological	maturity	(Technology	Readiness	
Levels).	These	do	not	differ	in	their	fundamental	logic,	but	this	guideline	for	rail	vehicles	con-
siders	technological	readiness	and	integration	readiness	separately	and	then	combines	them,	
because	here	as	a	rule	established	sub-systems	are	linked	with	innovations.

Following	on	NASA’s	maturity	model,	the	technology	readiness	model	for	rail	vehicles	consists	
of	nine	levels,	whereby	the	engineering	phase	is	divided	into	the	four	sub-levels	TRL	3.1	to	TRL	
3.4.	They	represent	development	progress	in	this	phase	of	the	process	–	which	is	crucial	to	
project	success.	The	underlying	phases	are	derived	from	the	generic	development	phases	in	
the	VDI	design	guidelines	2206	and	2221	[VDI	2206,	VDI	2221].

The	phases	in	the	assurance	of	properties	are	oriented	on	the	established	verification	and	
validation	processes	for	rail	vehicles.

The	integration	readiness	model	(IRL)	consists	of	five	levels	and	here,	too,	the	engineering	
phase	is	divided	into	sub-levels.	The	levels	IRL	II.I	to	II.III	cover	the	step-by-step	co-ordination	
process	of	interfaces	between	the	superior/subordinatesystems.	Step-by-step	co-ordination	is	
generally	indispensable	here,	as	short	project	duration	usually	demands	that	the	systems	are	
developed	simultaneously.	The	assurance	of	properties	is	also	sub-divided	into	the	phases	IRL	
IV.I	to	IV.III,	to	make	the	progress	during	commissioning	measurable	here	as	well.	

Figure	7	describes	briefly	what	the	TRL	and	IRL	readiness	levels		contain.

The readiness level models TRL and IRL
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The	TRL	evaluates	the	degree	to	which	a	separate	system	achieves	a	certain	functional	capa-
bility.	It	focuses	on	the	fulfilment	of	the	requirements	placed	on	the	system:	it	describes	the	
performance	of	this	system.

The	integration	readiness	evaluates	the	degree	of	fulfilment	of	the	functional	capability	of	
the	combination	of	several	systems.	It	indicates	the	status	of	the	system	as	compared	with	
the	superior	system:	does	it	meet	all	the	requirements	for	being	integrated	into	a	superior		
system	and	satisfying	its	requirements	in	this	environment?

Technology	readiness	and	integration	readiness	are	compared	and	contrasted	in	Figure	8.

Comparison	of	technology	readiness	and	integration	readiness		(TRL/IRL)	(Fig.	8)

TRL	–	technology	readiness	level	of	a	system
Are	the	requirements	fulfilled?	

Within	the	system	–	INTRA

Superior system
(overall system)

IRL	–	integration	readiness	level	of	a	subordinate
system	into	a	superiorsystem

Are	the	requirements	fulfilled?
Between	the	systems	–	INTER

Subordinate system (sub-system)

Measuring the TRL
- Standardised request for the status of the system 
 (e.g. model or first article)
-  Content / implementation
-  Comparison of results with DESIRED TRL for each phase  
 (reference)

Focus for TRL
Level considered within the subordinate system
Degree to which requirements are fulfilled, e.g. 
-  Cooling performance by air-conditioning device
-  Supplying a defined torque

Measuring the IRL
- Standardised request for the status of the system 
 (e.g. stand-alone or integrated into superior system) 
-  Content / implementation
-  Comparison of results with DESIRED IRL for each phase  
 (reference)

Focus for IRL
Level considered between the superior/subordinate systems
Degree to which requirements for integration are fulfilled 
e.g. 
-  Taking account of the defined accelerations 
-  Compliance with the defined construction space by the  
 subordinatesystem
 

-  Superior system defines the requirements placed on integration (functional / non-functional)
- IRL can be applied between all superior/subordinate  systems in the supply chain 
-  Subordinatesystem reports degree of IRL fulfilment to superior system
-  Independent view of TRL / IRL is possible only with identical requirements / framework conditions
 (platform solutions must be validated for all requirements of a new application project)
-  Changes to the boundary conditions generally lead to changes to systems  => new analysis / classification

}
{

The readiness level models TRL and IRL
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When	the	degree	of	fulfilment	is	measured,	all	requirements	have		to		be	taken	into	consider-
ation	–	the	non-functional	requirements	and	the	functional	ones	alike.	The	requirements	for	
integration	are	largely	defined	by	the	superior	system:	the	subordinate	system	must	satisfy	
both	these	requirements	and	its	own,	and	report	the	degree	of	fulfilment	to	the	superior	sys-
tem.	The	requirements	arising	from	the	integration	have	a	crucial	influence	on	the	develop-
ment	of	a	subordinate	system	–	its	realisation	is,	for	example,	greatly	affected	by	the	construc-
tion	space	available	and	the	regulations	that	have	to	be	satisfied.

The	requirements	placed	on	the	subordinate	systems	to	be	integrated	must	therefore	be	
known	at	the	start	of	their	development.	If	that	is	not	the	case,	assumptions	are	frequently	
used	in	practice.	If	the	assumptions	are	not	correct,	a	large	number	of	decisions	have	to	be	
revised	–	which	as	a	rule	results	in	duplicated	work	and	extra	time.	Innovations	and/or	compo-
nents	at	technology	readiness	levels	1	and	2	generally	do	not	come	into	question	for	the	reali-
sation	of	specific	rail	vehicle	projects,	but	instead	are	developed	independently	in	advance.

For	a	system	to	be	allocated	to	a	readiness	level	it	is	necessary	to	analyse	the	systems	ac-
cording	to	their	properties	(e.g.	physical	state	of	the	product,	function,	component)	and	to	
determine	levels	of	fulfilment	of	the	requirements.	The	desired	parameters	for	the	levels	are	
given	in	Figure	9.	The	levels	are	oriented	on	the	generic	product	development	process.	For	this	
reason,	the	phases	of	the	PDP	and	those	of	the	readiness	levels	are	identical.	The	function	
view	is	of	special	importance:	although	the	development	processes	of	systems	are	mostly	
based	on	the	functional	requirements,	when	they	are	analysed	the	emphasis	is	frequently	on	
the	component	view.	However,	the	readiness	levels	will	be	comparable	only	if	consideration	is	
given	both	to	the	function	view	and	to	the	component	view.

Specific	classification	in	the	different	levels	in	the	TRL	and	the	IRL	is	carried	out	based	on	
achievement	of	the	desired	results	and/or	the	evidence	for	the	process	phases	to	which	they	
are	allocated	(see	Figure	9).	The	desired	results	of	the	process	phases	are	divided	into	the	cate-
gories	of	the	system’s	status	(e.g.	model,	first	sample),	the	function	view	and	component	view.	
The	table	also	specifies	evidence	of	achievement	of	the	desired	results.

Figure	9	shows	the	table	for	determining	the	readiness	levels.

The readiness level models TRL and IRL
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The readiness level models TRL and IRL

Prinzipdarstellung	zur	Bestimmung	der	Reifegradstufen	(Abb.	9)											Teil	1

PDP	
development	
phase

Planning 
- Requirements for information 
- Compiling 
- Identifying gaps

Conceptualisation
- Functional structures  
- Basic solutions

Drafting and design of modular 
structures 
Elaborating solutions / 
functional structures 

Complete draft design

Physical	state	/
conditions	for	testing

Model

Simulation / description

TR
L

Level	of	technology	
readiness

3.1 3.2 3.3 3.4

Function
view

Complete information on interaction 
(physical, process technology, 
information, etc.) with other systems 
(integration), e.g. which accelerations 
must be taken into consideration 
Solutions for critical requirements
Main (i.e. crucial) functions are 
defined

Functional structures and principles 
for all functional requirements
Assignment of function/principles 
of action to construction element
Product‘s conceptual design is 
complete 
- System draft (multi-domain solution 
concept)

Definition of assurance of 
properties (validation principle)

Component	view Complete information and description 
of system attributes
Laws, regulations, standards 
Use profile, vehicle config.
Customer‘s special requirements
Interfaces (material, energy, informa-
tion) to the construction components 
to be designed, e.g. structure/space 
for construction, climate, dynamic, etc.

Construction elements of a 
functional structure fulfil 
requirements placed on this 
functional structure 

Definition of assurance of 
properties (verification / validation 
principle)

Design of all construction 
elements is completed
All construction elements are 
integrated into the system
Interacting elements fulfil 
requirements

Evidence	for	TRL	 - Basic vehicle structure („PowerPoint 
design“)
 - Clause-by-clause commentary on 
the requirements of the functional 
specifications
 - Designation of the relevant main 
and sub-functions based on EN 15380-
4, second level 
- Description of the deviations pursuant 
to checklists for „non-functional require-
ments“ and „functional requirements“

 - Conceptual specifications 
- Overall layout (elaborated vehicle 
structure)
- Installation spaces
- Draft total weight
- Interface description is available

3-D model (preliminary)  - Transfer of all production 
documents
- Approval of circuit diagrams
- Approved validation plan incl. 
rough definition of evidence requi-
red (type tests)

IR
L Level	of	integration	

readiness
I II.I II.II II.III

Assurance of properties 
through verification and 
validation (scope for 
stand-alone systems)

Assurance of properties through verification / validation

First sample
(experimental set-up if system 
qualification is brought forward) 
is not integrated into superior 
system
Test is not integrated into 
superior system (stand-alone)

First sample
(experimental set-up if system 
qualification is brought forward) is 
integrated into superior system);
Test of the system is integrated into 
standing (static) superior system

First sample (near-series product if 
system qualification is brought 
forward) is integrated into superior 
system;

Testing under test conditions (TRL 6) 
or trial operation (TRL 7) conditions

Series product is integrated into 
superior system;

Testing under conditions for 
approval or acceptance operation

Series product is integrated 
into superior system;

Deployment under conditions 
of specific operation

4 5 6 / 7 8 9

Evidence of fulfilment of all 
functional requirements to the 
extent defined and verifiable 
for type test and first article 
inspection (FAI)

Evidence of fulfilment of all 
functional requirements (static)

Evidence of fulfilment of all 
functional requirements (dynamic) 

Evidence of fulfilment of all 
functional requirements 
(approval / acceptance)

Evidence of fulfilment of all 
functional  requirements 
(operational deployment)

Evidence of fulfilment of all 
requirements placed on 
construction elements to the 
extent defined and verifiable 
for type test and first article 
inspection (FAI)

Evidence of fulfilment of all 
requirements placed on 
construction elements (static)

Evidence of fulfilment of all 
requirements placed on 
construction elements (dynamic) 

Evidence of fulfilment of all 
requirements placed on 
construction elements
(approval / acceptance)

Evidence of fulfilment 
of all requirements placed 
on construction elements 
(operational deployment)

Evidence of fulfilment of 
requirements placed on sub-
ordinate system (FAI report)

Type test reports (prior to 
integration)

Type test reports 
(integration - static)

Type test reports 
(integration - dynamic)

Commissioning approval
Approval certificate 
Acceptance reports

No reports of necessary 
design modifications within 
one annual cycle

III IV.I IV.II IV.III V

Project
phases

Tender	/	clarification Concept Intermediate	design Final	design Production Production Type	test	prior	to	
integration	/	first	

article	inspection	(FAI)

Static	
commissioning

Dynamic	
commissioning

Issue	of	
commissioning	

approval

Operation	/	
warranty

Please note: The second part of the table is shown on the next two pages.

Separate detailed view available at www.bahnindustrie.info
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PDP	
development	
phase

Planning 
- Requirements for information 
- Compiling 
- Identifying gaps

Conceptualisation
- Functional structures  
- Basic solutions

Drafting and design of modular 
structures 
Elaborating solutions / 
functional structures 

Complete draft design

Physical	state	/
conditions	for	testing

Model

Simulation / description

TR
L

Level	of	technology	
readiness

3.1 3.2 3.3 3.4

Function
view

Complete information on interaction 
(physical, process technology, 
information, etc.) with other systems 
(integration), e.g. which accelerations 
must be taken into consideration 
Solutions for critical requirements
Main (i.e. crucial) functions are 
defined

Functional structures and principles 
for all functional requirements
Assignment of function/principles 
of action to construction element
Product‘s conceptual design is 
complete 
- System draft (multi-domain solution 
concept)

Definition of assurance of 
properties (validation principle)

Component	view Complete information and description 
of system attributes
Laws, regulations, standards 
Use profile, vehicle config.
Customer‘s special requirements
Interfaces (material, energy, informa-
tion) to the construction components 
to be designed, e.g. structure/space 
for construction, climate, dynamic, etc.

Construction elements of a 
functional structure fulfil 
requirements placed on this 
functional structure 

Definition of assurance of 
properties (verification / validation 
principle)

Design of all construction 
elements is completed
All construction elements are 
integrated into the system
Interacting elements fulfil 
requirements

Evidence	for	TRL	 - Basic vehicle structure („PowerPoint 
design“)
 - Clause-by-clause commentary on 
the requirements of the functional 
specifications
 - Designation of the relevant main 
and sub-functions based on EN 15380-
4, second level 
- Description of the deviations pursuant 
to checklists for „non-functional require-
ments“ and „functional requirements“

 - Conceptual specifications 
- Overall layout (elaborated vehicle 
structure)
- Installation spaces
- Draft total weight
- Interface description is available

3-D model (preliminary)  - Transfer of all production 
documents
- Approval of circuit diagrams
- Approved validation plan incl. 
rough definition of evidence requi-
red (type tests)

IR
L Level	of	integration	

readiness
I II.I II.II II.III

Assurance of properties 
through verification and 
validation (scope for 
stand-alone systems)

Assurance of properties through verification / validation

First sample
(experimental set-up if system 
qualification is brought forward) 
is not integrated into superior 
system
Test is not integrated into 
superior system (stand-alone)

First sample
(experimental set-up if system 
qualification is brought forward) is 
integrated into superior system);
Test of the system is integrated into 
standing (static) superior system

First sample (near-series product if 
system qualification is brought 
forward) is integrated into superior 
system;

Testing under test conditions (TRL 6) 
or trial operation (TRL 7) conditions

Series product is integrated into 
superior system;

Testing under conditions for 
approval or acceptance operation

Series product is integrated 
into superior system;

Deployment under conditions 
of specific operation

4 5 6 / 7 8 9

Evidence of fulfilment of all 
functional requirements to the 
extent defined and verifiable 
for type test and first article 
inspection (FAI)

Evidence of fulfilment of all 
functional requirements (static)

Evidence of fulfilment of all 
functional requirements (dynamic) 

Evidence of fulfilment of all 
functional requirements 
(approval / acceptance)

Evidence of fulfilment of all 
functional  requirements 
(operational deployment)

Evidence of fulfilment of all 
requirements placed on 
construction elements to the 
extent defined and verifiable 
for type test and first article 
inspection (FAI)

Evidence of fulfilment of all 
requirements placed on 
construction elements (static)

Evidence of fulfilment of all 
requirements placed on 
construction elements (dynamic) 

Evidence of fulfilment of all 
requirements placed on 
construction elements
(approval / acceptance)

Evidence of fulfilment 
of all requirements placed 
on construction elements 
(operational deployment)

Evidence of fulfilment of 
requirements placed on sub-
ordinate system (FAI report)

Type test reports (prior to 
integration)

Type test reports 
(integration - static)

Type test reports 
(integration - dynamic)

Commissioning approval
Approval certificate 
Acceptance reports

No reports of necessary 
design modifications within 
one annual cycle

III IV.I IV.II IV.III V

Project
phases

Tender	/	clarification Concept Intermediate	design Final	design Production Production Type	test	prior	to	
integration	/	first	

article	inspection	(FAI)

Static	
commissioning

Dynamic	
commissioning

Issue	of	
commissioning	

approval

Operation	/	
warranty
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Schematic	diagramof	determination	of	readiness	levels	(Fig.	9)											Part	2

Project
phases

Tender	/	clarification Concept Intermediate	design Final	design Production Production Type	test	prior	to	
integration	/	first	

article	inspection	(FAI)

Static	
commissioning

Dynamic	
commissioning

Issue	of	
commissioning	

approval

Operation	/	
warranty

PDP	
development	
phase

Planning 
- Requirements for information 
- Compiling 
- Identifying gaps

Conceptualisation
- Functional structures  
- Basic solutions

Drafting and design of 
modular structures 
Elaborating solutions / 
functional structures 

Complete draft design

Physical	state	/
conditions	for	testing

Model

Simulation / description

TR
L Level	of	technology	

readiness
3.1 3.2 3.3 3.4

IR
L

Level	of	integration	
readiness

I II.I II.II II.III

Function
view

Multi-system functions are defined 
and main functions are distributed 
(which system does what?)

Multi-system functions are defined 
and main functions are distributed 
(which system does what?)

All overarching functions 
are fulfilled

Component	view
(interface	-	
material
energy	
information)

Determination of interfaces 
(material, energy, information)
and interaction (physical, process 
technology, etc.)

Generation of complete information 
for subordinate system
functional requirements;
non-functional requirements and 
attributes:
laws, regulations, standards, use 
profile, vehicle config. 
Customer‘s special requirements for 
interfaces (material, energy, infor-
mation) placed on the construction 
components to be designed, e.g. 
construction concept/space, climate, 
dynamic, etc.

Detailed definition of interfaces 
for elements of the specific phase;
Description of the data interfaces 
for sub-systems characterised by 
complex software and feedback 
loops to circuit diagram of train 
and/or between the systems. 
Software (Train Control Monitoring 
System, TCMS) can be implemen-
ted later in a separate cycle

Detailed definition of all interfaces

Evidence	for	IRL	 Description of deviations pursuant 
to checklists „non-functional /
functional requirements“

Tech. Specifications available for 
procuring elements and subordinate 
system (incl. interface description)

Approval of interfaces 
(protocols) 

Approval of data interfaces 
(reports) 

Assurance of properties through 
verification and validation 
(scope for stand-alone systems) Assurance of properties through verification / validation

First sample
(experimental set-up if system 
qualification is brought forward) is 
not integrated into superior system

Test is not integrated into superior 
system (stand-alone)

First sample
(experimental set-up if system 
qualification is brought forward)
 is integrated into superior system);

Test of the system is integrated into 
standing (static) superior system

First sample (near-series product if 
system qualification is brought 
forward) is integrated into superior 
system;

Testing under test conditions (TRL 6) 
or trial operation (TRL 7) conditions

Series product is integrated into 
superior system;

Testing under conditions for 
approval or acceptance operation

Series product is integrated 
into superior system;

Deployment under conditions 
of specific
operation

4 5 6 / 7 8 9

III IV.I IV.II IV.III V

Defined input from superior 
system triggers defined function 
in non-integrated subordinate 
system (test environment, e.g. 
signal on pin x triggers door 
opening)

Defined interaction fulfils / triggers 
defined function / feedback from the 
subordinate system 

From the viewpoint of subordinate 
system, test of connection to 
superior system and other systems

Fulfilment of requirements placed on interaction  

Report (FAI) Type test report (static) Type test report (dynamic) Commissioning approval
Approval certificate 
Acceptance report

No reports of necessary 
design modifications within 
one annual cycle
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Project
phases

Tender	/	clarification Concept Intermediate	design Final	design Production Production Type	test	prior	to	
integration	/	first	

article	inspection	(FAI)

Static	
commissioning

Dynamic	
commissioning

Issue	of	
commissioning	

approval

Operation	/	
warranty

PDP	
development	
phase

Planning 
- Requirements for information 
- Compiling 
- Identifying gaps

Conceptualisation
- Functional structures  
- Basic solutions

Drafting and design of 
modular structures 
Elaborating solutions / 
functional structures 

Complete draft design

Physical	state	/
conditions	for	testing

Model

Simulation / description

TR
L Level	of	technology	

readiness
3.1 3.2 3.3 3.4

IR
L

Level	of	integration	
readiness

I II.I II.II II.III

Function
view

Multi-system functions are defined 
and main functions are distributed 
(which system does what?)

Multi-system functions are defined 
and main functions are distributed 
(which system does what?)

All overarching functions 
are fulfilled

Component	view
(interface	-	
material
energy	
information)

Determination of interfaces 
(material, energy, information)
and interaction (physical, process 
technology, etc.)

Generation of complete information 
for subordinate system
functional requirements;
non-functional requirements and 
attributes:
laws, regulations, standards, use 
profile, vehicle config. 
Customer‘s special requirements for 
interfaces (material, energy, infor-
mation) placed on the construction 
components to be designed, e.g. 
construction concept/space, climate, 
dynamic, etc.

Detailed definition of interfaces 
for elements of the specific phase;
Description of the data interfaces 
for sub-systems characterised by 
complex software and feedback 
loops to circuit diagram of train 
and/or between the systems. 
Software (Train Control Monitoring 
System, TCMS) can be implemen-
ted later in a separate cycle

Detailed definition of all interfaces

Evidence	for	IRL	 Description of deviations pursuant 
to checklists „non-functional /
functional requirements“

Tech. Specifications available for 
procuring elements and subordinate 
system (incl. interface description)

Approval of interfaces 
(protocols) 

Approval of data interfaces 
(reports) 

Assurance of properties through 
verification and validation 
(scope for stand-alone systems) Assurance of properties through verification / validation

First sample
(experimental set-up if system 
qualification is brought forward) is 
not integrated into superior system

Test is not integrated into superior 
system (stand-alone)

First sample
(experimental set-up if system 
qualification is brought forward)
 is integrated into superior system);

Test of the system is integrated into 
standing (static) superior system

First sample (near-series product if 
system qualification is brought 
forward) is integrated into superior 
system;

Testing under test conditions (TRL 6) 
or trial operation (TRL 7) conditions

Series product is integrated into 
superior system;

Testing under conditions for 
approval or acceptance operation

Series product is integrated 
into superior system;

Deployment under conditions 
of specific
operation

4 5 6 / 7 8 9

III IV.I IV.II IV.III V

Defined input from superior 
system triggers defined function 
in non-integrated subordinate 
system (test environment, e.g. 
signal on pin x triggers door 
opening)

Defined interaction fulfils / triggers 
defined function / feedback from the 
subordinate system 

From the viewpoint of subordinate 
system, test of connection to 
superior system and other systems

Fulfilment of requirements placed on interaction  

Report (FAI) Type test report (static) Type test report (dynamic) Commissioning approval
Approval certificate 
Acceptance report

No reports of necessary 
design modifications within 
one annual cycle
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3.3	Phase	assignment	for	desired	results	and	readiness	levels	
of	the	reference	process	(PDP)

Simplifications	were	made	during	definition	of	the	desired	phase-specific	results	of	the	
reference	process.	They	relate	to	assignment	of	the	desired	development	content,	the	desired	
levels	of	technology	readiness	and	the	desired	levels	of	integration	readiness	to	the	individual	
phases.

For	the	phases,	the	reference	process	determines	the	desired	results	in	the	categories	and	the	
levels	of	desired	technology	and	integration	readiness.	The	readiness	levels	of	the	TRL	and	the	
IRL	are	synchronised	with	the	individual	phases,	even	though	the	analyses	differ,	as	do	the	
classifications	in	levels.	The	boundary	conditions	for	integration	–	such	as	the	determination	
of	construction	spaces	–	are	an	important	input	for	the	development	of	a	subordinate	system	
and	have	to	be	available	when	its	development	commences.

The	degrees	of	fulfilment	of	the	desired	results	of	technology	and	integration	readiness	are	
examined	during	the	clarification	phase,	and	form	the	basis	for	assignment	to	the	relevant	
IRL	or	TRL	levels.	For	example,	if	a	system	does	not	achieve	the	desired	result	for	a	TRL	level,		
it	does	not	reach	the	respective	readiness	level	in	the	TRL.	TRL	analysis	is	independent	of	
assignment	to	the	IRL.	If	the	desired	results	for	the	IRL	are	achieved,	the	system	analysed	
reaches	the	respective	readiness	level	in	the	IRL.	The	need	for	action	–	for	instance	selecting	
the	required	QE	actions	–	is	oriented	on	the	lowest	level	of	readiness	in	each	case.

Comparison	of	the	development	process	status	with	the	reference	process	allows	those	
elements	to	be	identified	that	exhibit	the	lowest	level	of	readiness.	This	enables	targeted	
QE	actions	to	be	taken	that	assure	the	achievement	of	higher	levels	of	readiness.

It	should	be	noted	that	a	low	level	of	readiness	is	not	necessarily	associated	with	a	high	risk	
to	the	achievement	of	goals:	the	risk	is	derived	from	the	effort	needed	in	each	case	for	imple-
menting	the	necessary	quality	engineering	actions	(quantity,	type,	scope).	The	difficulty,	the	
complexity	and	the	risk	of	the	necessary	QE	actions	are	determined	by	the	specific	content	
that	is	necessary	for	attaining	the	goal	of	the	higher	level	of	readiness.

If	the	requirements	change	during	the	development	process,	the	same	procedure	should	be	
applied	as	for	the	analysis.	In	this	case,	those	elements	of	a	system	have	to	be	identified	which	
have	been	altered	and/or	are	influenced	by	the	change.	Assignment	to	the	relevant	process	
phases	or	TRL/IRL	levels	uses	the	same	criteria	as	in	the	original	analysis.	Changes	to	the	
concept	usually	lead	to	re-classification	at	a	lower	TRL	or	IRL.	Re-classification	is	carried	out	in	
those	levels	where	the	changes	were	made.

Phase assignment of desired results and PDP readiness levels
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3.4	Analysis	of	systems	for	creating	comparability

The	analysis	of	the	non-functional	requirements	aims	to	identify	any	relevant	special	attrib-
utes	and	deviations	by	means	of	systematic	query	and	thus	to	ensure	that	these	points	are	
taken	into	consideration	in	the	design	process.

The	degree	of	fulfilment	of	the	criteria	for	the	individual	levels	is	determined	by	analysis	of	
the	systems’	development	status.	The	basis	for	this	is	the	function	view	and	component	view	
of	the	respective	system.	This	procedure	corresponds	to	EN	15380-2	(component	view)	and	
EN	15380-4	(function	view).

Different	analyses	require	different	views	of	the	systems	–	their	reliability	can	only	be	calcu-
lated	theoretically,	for	example,	using	elements	from	both	views:	the	linkages	between	the	
components	are	derived	from	the	functional	structure,	whereas	the	reliability	of	the	individ-
ual	components	is	determined	by	the	components	themselves.	Systems	constructed	from	
identical	components	that	are	linked	with	one	another	in	different	ways	will	exhibit	different	
reliability	values.	Components	with	redundant	links	generally	have	greater	reliability	than	
components	connected	in	series.

Similar	considerations	are	required	for	the	comparability	of	systems.	The	functional	structure	
of	a	system	is	of	major	importance	for	its	transferability	to	a	new	system	as	a	reference	
system.	If	the	functional	structure	of	a	system	is	changed	while	the	components	remain	iden-
tical,	the	empirical	values	from	operational	deployment	can	be	transferred	to	the	new	system	
only	to	a	limited	degree.

When	a	tried-and-tested	system	(reference	system)	is	adopted	as	the	basis	for	a	new	system	
whose	requirements	have	been	altered,	the	effects	of	these	changes	have	to	be	subjected	to	
a	structured	analysis.	The	empirical	values	from	operation	of	the	reference	system	can	be	
compared	with	and	transferred	to	the	new	system	only	after	the	analysis	has	been	carried	
out.	The	process	steps	in	the	functional	system	analysis	according	to	EN	15380-2	and	
EN	15380-4	are	shown	in	Figure	10.	The	functional	structures	and	the	mechanisms	of	opera-
tion	of	the	main	functions	are	analysed	and	presented	starting	from	the	function	view.	The	
main	functions	of	a	system	are	the	crucial	functions.	The	functions	of	rail	vehicles	are	struc-
tured	and	defined	in	EN	15380-4.	On	the	basis	of	the	analysis,	the	existing	system	is	compared	
with	the	new	system.	If	differences	are	found	in	the	functional	structure	and	the	mechanisms	
of	operation,	further	analyses	are	required.

Analysis of systems for creating comparability
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Based	on	the	functional	analyses,	the	elements/components	can	be	assigned	to	the	mecha-
nisms	of	action	–	this	is	the	point	where	the	function	view	and	the	product	view	are	linked	
together.

The	functional	structure	is	a	major	foundation	for	the	methodological	design	and	the	value	
analysis	of	systems.	The	VDI	guidelines	2206	and	2221,	which	describe	the	design	process	for	
systems,	are	also	based	on	functional	structures.

3.4.1 Structuring requirements – functional and non-functional 

Structuring	according	to	functional	and	non-functional	requirements	facilitates	the	analysis	
of	systems.	Systems	theory	provides	the	following	definition:	the	function	of	systems	con-
sists	of	transforming	the	input	quantities	(material,	energy,	information)	into	the	new	output	
quantities	(material,	energy,	information),	taking	into	account	state	variables.	The	main	func-
tions	(the	essential	functions	according	to	EN	15380)	are	used	for	comparing	systems.	They	
serve	as	the	starting	point	when	systems	are	being	developed.

Beside	the	functional	requirements,	every	product	have	to		fulfil	non-functional	requirements	
as	well.	They	describe	the	boundary	conditions	under	which	a	function	is	performed	and	
which	properties	the	system	has	to	have.

Analysis	from	the	function	and	component	views.	The	product	structure	results	from	the	
physical	implementation	of	the	functional	structure	(Fig.	10)

Functional system analysis EN 15380-2 / 4
- Creating comparability between 

new system and reference system through function and component analysis

Analysis of functional structure’s deviation 
from reference system / process

EN 15380-4 Functional Breakdown Structure 
(FBS)

Main functions

Product / Component

Assignment

Operating principle

Component

Functional structure

Operating principle

EN 15380-2 Product Breakdown Structure 
(PBS)

Analysis of component’s deviation from 
reference system / process

Function	view Product	view

Structuring requirements – functional and non-functional
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Railway	vehicle	systems	can	be	compared	according	to	the	following	scheme	in	relation	to	
how	the	non-functional	requirements	are	organised:

	 •		 Standards,	regulations,	approval
	 •		 Use	profile,	configuration
	 •		 Additional	specific	requirements	of	the	operators	or	customers
	 •		 Provisions	for	integration	(mechanics,	physics,	electrical	systems,	control)
	
3.4.2 Structure and types of checklists

Checklists	allow	systems	to	be	analysed	according	to	pre-set	categories.	The	pre-defined	
structure	of	the	checklists	ensures	that	the	manufacturers	have	to	respond	on	all	the	relevant	
aspects.	This	means	the	systems	can	be	made	comparable.	Furthermore,	checklists	encourage	
the	teams	to	tackle	the	topics	actively.
The	checklists	are	filled	out	by	the	respective	manufacturers	or	developers	of	the	systems	who	
are	also	responsible	for	forwarding	the	information	to	the	superior	system.
The	structure	of	the	checklists	corresponds	to	the	functional	and	non-functional	analysis.	It	is	
shown	in	Figure	11.

This	structured	analysis	of	systems	allows	deviations	to	be	identified	and	described	–	it	forms	
the	basis	for	classification	to	the	levels	of	readiness.	Actions	for	assuring	the	objectives	are	
derived	from	the	analysis	and	are	assigned	to	the	phases	of	the	product	design	process	(PDP).

Structure	of	the	checklists		(Fig.	11)

Reference	system
- Designation
-  Number of installed systems
-  TRL 
- IRL 
-  Available findings

Non-functional	requirements	(boundary	conditions	/	properties)
- Standards / regulations / approval
-  Use profile / configuration
-  Additional, specific requirements of operator / customer 
-  Integration (physics / mechanics / electrical systems / control)

Analyses	
- Deviations
 - Non-functional 
 - Functional
-  Phase of deviation from  
 reference process

Functional	requirement
- Fulfilment of functions of the systems is   
 compared with EN 15380-4
-  Assignment of components (EN 15380-2)   
 to functions and operating principles

Results
- Classification of elements in TRL / IRL
-  Identification of elements with the lowest levels of 
 readiness / greatest input / risk to achieving objectives 
-  QE action plan with assignment to phases
-  Consolidation on overall system level
 - Elements with lowest level of readiness (TRL / IRL) 
 - Number of elements needing QE actions

Structure and types of checklists
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3.4.2.1 Non-functional checklist

Non-functional checklist

Separate	detailed	view	available	at	www.bahnindustrie.info

Prinzipdarstellung der nicht-funktionalen Checkliste (Abb. 12)

View of superior- system (e.g. vehicle ET 4xx)

Reference system (superior system): 
Please note: fi ll this section out only if the reference system is relevant, e.g. if a similar product is to be 
used in a modifi ed form

System designation xx Field experience xx

Project xx Critical topics xx

Realisation period xx TRL [3-9] xx

Number of items xx IRL [1-5] xx

Description of the deviations between the reference system (superior system) 
and the system to be analysed (superior system), which infl uence development 
of the subordinate system

Classifi cation of deviations:  
[u] - identical /unimportant;  
[d] - marked;  
[g] - fundamental

Deviations from stan-
dards / regulations / 
approval

Deviations from use pro-
fi le/ confi guration

Deviations from 
additional, specifi c 
requirements, e.g. from  
operator / customer

Input aus 
übergeordnetem System

Zu analysierendes 
(untergeordnetes) System

Bezugsystem

Normen / Vorschriften
/ Zulassung

Einsatzprofi l / Konfi guration

Spezifi sche Anforderungen

Integration
- Mechanik
- Elektrik
- FZ-Steuerung

Erkenntnisse nutzen
- Betriebserfahrung
- Lessons Learned 

Findings

Category Topic Specifi c description

Operating experience

Lessons learned

E.g. fi ndings from the 
development process in 
previous projects

View of subordinate system to be analysed (e.g. door system, coupling system, etc.)

Reference system Please note: the reference system should be as similar as possible to the new system. 
Deviations are measured between the reference system and the new system.
If no suitable reference system is selected, it should be checked whether the required information 
for developing the system is available. Current technology should provide orientation. 

System designation xx Field experience xx

Project xx Critical topics xx

Realisation period xx TRL [3-9] xx

Number of items xx IRL [1-5] xx

Analysis of specifi cations, 
deviation, lack of non-
functional requirements

Description 
- Designating the signifi cant non-functional requirements (e.g. approval standard) that are necessary 
  so that the system can be developed
- Deviations in the non-functional requirements between the reference system (e.g. door system from  
   Project x) and the (new) system to be analysed, which infl uence the development of the (new) system 
   to be analysed 
- Information missing on non-functional requirements that are necessary so that the system can be 
  developed

Classifi cation of deviations / 
missing data:  
[u] - identical /unimportant;  
[d] - marked;  
[g] - fundamental

Designation, deviation, 
lack of required infor-
mation on standards / 
regulations / approval
e.g. TSI, fi re protection, 
etc.

Designation, deviation, 
lack of required 
information on
use profi le / 
confi guration 

Designation, deviation, 
lack of required informa-
tion on additional 
specifi c requirements of 
the operator / customer
e.g. customer‘s operating 
equipment, same parts 
as in x, interchangeable 
with y, etc.

Analysis of specifi cations, 
deviation, lack of non-
functional requirements 
for integration

Designation, deviation, 
lack of required infor-
mation on integration of 
mechanics,
e.g. dimensions, installa-
tion spaces, forces, mo-
ments, output, clearance 
gauge, etc.

Designation, deviation, 
lack of required infor-
mation on integration of 
electrical systems,
e.g. voltage, currents, 
energy requirement

Designation, deviation, 
lack of required informati-
on on integration of phy-
sics (not incl. mechanics) 
e.g. acoustics, thermal 
currents, sensor system, 
compressed air, etc.

Designation, deviation, 
lack of required infor-
mation on integration 
of control
e.g. human-machine, 
sensor signals, BUS 
protocol, data format

Schematic	diagram	of	non-functional	checklist	(Fig.	12)

Input from superior system

(Subordinate) system 
to be analysed

Reference system

Standards / regulations /
approval

Use profile / configuration

Specific requirements

Integration
- Mechanics 
- Electrical systems
- Vehicle control

Using findings
- Operating experience 
- Lessons learned
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The	non-functional	checklist	(Figure	12)	is	divided	into	three	sections	(“Superior	system”,	
“Subordinate	system”	and	“Findings”).	In	the	first	section	the	superior	system	is	analysed.	The	
first	check	is	whether	a	reference	system	for	it	exists,	which	exhibits	a	high	level	of	agree-
ment	with	the	new	superior	system.	If	such	a	reference	system	can	be	identified,	its	essential	
data	are	to	be	recorded.	The	second	check	is	on	whether	deviations	in	the	areas	of	standards,	
regulations	and	approval	exist	in	the	use	profile	and	the	configuration,	or	in	additional	specific	
requirements	of	the	operator	or	the	customers.	This	is	necessary,	for	example,	when	an	entire	
rail	vehicle	is	to	be	adopted	for	use	in	a	new	system.

Changes	to	the	non-functional	requirements	–	for	instance	in	the	approval	regulations	or	the	
region	of	deployment	–	may	render	it	impossible	to	transfer	the	readiness	levels	of	the	refer-
ence	system	to	the	new	system.	The	deviations	should	therefore	be	recorded	and	analysed.

The	second	section	of	the	checklist	considers	the	new	subordinate	system	that	is	to	be	an-
alysed.	Here,	too,	a	check	is	run	on	whether	a	reference	system	for	it	exists	which	has	a	high	
level	of	agreement.	This	is	often	the	predecessor	system	that	is	intended	either	to	be	used	
or	to	undergo	evolutionary	development	in	the	new	system.	The	decision	to	use	a	reference	
system	is	of	far-reaching	importance	and	has	to	take	the	manufacturer’s	product	strategy	into	
account.	Once	the	reference	system	has	been	selected,	the	relevant	information	should	be	
entered	in	the	checklist.

In	the	next	step	the	significant	non-functional	requirements	(e.g.	approval	standards)	are	set	
forth,	which	are	required	for	development	of	the	system.	This	is	followed	by	an	analysis	of	the	
deviations	between	the	new	system	and	the	reference	system.	However,	one	may	discover	
that	some	information	about	the	non-functional	requirements	placed	on	the	system	is	miss-
ing.	The	structured	query	is	carried	out	in	line	with	the	above-mentioned	topics:

	 •		 Standards,	regulations,	approval
	 •		 Use	profile	/	configuration
	 •		 Additional,	specific	requirements	of	the	operator	or	the	customers
	 •		 Integration:
	 	 o	Mechanics
	 	 o	Electrical	systems
	 	 o	Physics	(not	including	mechanics)
	 	 o	Control

If	no	reference	system	is	selected,	it	should	be	checked	whether	the	most	important	infor-
mation	for	development	of	the	new	system	is	available.	The	checklist	have	to	contain	de-
scriptions	both	of	this	information	and	of	missing	information.	The	items	to	be	included	in	
the	checklist	are	selected	based	on	current	technology:	those	items	should	be	described	that	
deviate	from	the	state	of	the	art.	Apart	from	the	description	of	the	deviations	and/or	the	
missing	information	about	the	non-functional	requirements,	each	of	the	deviations	should	be	
classified	as	“identical/unimportant”,	“marked”	or	“fundamental”.

The	available	findings	are	recorded	in	the	third	section.	The	query	is	divided	into	the	topics	
of	“Error	events”	and	“Lessons	learned”.	The	lessons	learned	are	generally	based	on	compa-
ny-specific	know-how	that	the	companies	wish	to	protect	–	for	this	reason	these	findings	are	

Non-functional checklist
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recorded	in	the	system-specific	checklist.	It	is	intended	to	help	in	using	the	available	findings	
during	development	of	the	system.

Using	findings
The	purpose	of	checklists	is	to	systematically	record	experiences	from	projects	and	to	feed	it	
into	the	development	process	while	giving	consideration	to	competition-related	aspects	(e.g.	
protection	of	know-how,	location	of	the	competition)	and	sensitive	data	handling.	It	is	insuf-
ficient	to	limit	this	to	the	pure	engineering	phases	as	far	as	completion	of	the	“Final	design”	
process	phase,	because	some	key	findings	concerning	the	effectiveness	of	the	engineering	are	
only	made	during	verification,	when	approval	is	issued,	or	as	a	result	of	experience	in	continu-
ous	operation.

3.4.2.2 Functional checklist

The	functional	analysis	of	systems	is	a	key	element	in	the	QE	process	model	and	forms,	
among	other	things,	the	foundation	for	comparing	various	system	concepts.	In	order	to	
create	comparability	and	conduct	a	functional	analysis,	all	the	main	functions	of	the	relevant	
systems	have	to		be	taken	into	consideration	–	even	if	some	questions	remain	unanswered.	
Application	of	EN	15380-4	ensures	that	this	is	the	case.	It	lists	those	functions	that	should	be	
fulfilled	for	each	of	the	relevant	rail	vehicle	systems.

The	main	functions	are	determined	in	a	first	step.	Based	on	the	functional	structures	of	the	
systems,	the	main	functions	are	then	compared	with	the	defined	functions	taken	from	the	
standard.	It	should	be	ensured	that	all	the	relevant	functions	of	each	system,	which	are	listed	
in	the	standard,	are	fulfilled	by	the	designated	functions	or	functional	structures	of	the	sys-
tem.	This	procedure	also	allows	systems	with	different	approaches	to	finding	solutions	to	be	
compared	in	terms	of	their	fulfilment	of	functions	and	their	levels	of	readiness.

The	VDI	guidelines	2206,	2221	and	2803	also	describe	how	functions	are	fulfilled	by	several	
functions	and	sub-functions.	They	represent	the	functional	structures.	These	functional	struc-
tures	are	realised	by	active	structures	–	that	is,	by	physical,	chemical	or	other	effects	and	their	
structures.	The	active	structures	determine	the	elements,	parts	or	components	which	can	be	
used	to	realise	the	active	structures	and	the	functional	structures.	Several	elements	taken	
together	can	be	regarded	as	element	structures.	Functions	are	realised	either	by	elements	or	
by	element	structures.

The	functional	analysis	of	the	systems	follows	the	methodology	described	in	the	guidelines	
and	is	reflected	in	the	functional	checklist	(Figure	13).	Comparison	of	the	systems	–	that	is,	of	
the	new	system	with	the	reference	system	–	is	carried	out	on	this	basis:	first	of	all	there	is	a	
check	on	whether	the	functions	from	the	standard	are	fulfilled	for	the	specific	system	and	
whether	the	functional	structures	match.	This	is	done	in	the	system’s	function	view.	Any	de-
viations	should	be	detailed	in	the	checklist.	Then	the	components	that	realise	the	functional	
structures	are	compared.	This	is	done	in	the	component	view	of	the	system.
The	next	step	consists	of	an	evaluation	of	the	deviations	from	the	function	and	component	
views.	The	deviations	are	classified	in	the	specified	levels	“identical/unimportant”,	“marked”	or	
“fundamental”.	Assignment	to	the	TRL	or	IRL	readiness	levels	follows	the	procedure	described	
in	section	3.2.

functional checklist
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The	analysis	makes	it	possible	to	assign	levels	of	readiness	to	the	elements	of	a	system	and	
on	this	basis	to	assure	actions	for	achieving	objectives.	It	is	also	possible	to	compare	systems	
based	on	the	levels	of	readiness.	The	procedure	for	this	is	described	in	section	3.7.

3.5	QE	methods	for	assuring	specific	phase	results

A	core	element	in	the	quality	partnership	for	developing	rail	vehicles	is	the	process	model	for	
determining	the	need	for	quality	assurance	–	always	taking	the	state	of	development	into	
account	–	so	that	its	application	can	be	concentrated	on	the	relevant	parts	of	development.

Figure	15	indicates	suitable	methods	for	preventive	action	to	assure	the	desired	results,	based	
on	the	deviations	of	the	system	to	be	analysed	from	the	reference	process	or	the	reference	
system	in	the	relevant	categories	of	the	phase	and	of	the	TRL/IRL.	The	recommended	methods	
are	quality	engineering	methods	that	have	already	been	put	into	practice.	They	are	therefore	
not	described	in	detail	in	this	guideline.
The	categories,	phases	and	deviations	correspond	to	the	classification	of	the	readiness	levels	
in	Figure	9	in	section	3.2,	which	facilitates	navigation	within	the	table.

3.6	QE	action	plan:	determining	actions	for	assuring	results

The	QE	process	model	concentrates	on	assuring	the	achievement	of	objectives	during	the	
product	design	of	rail	vehicles	and/or	their	sub-systems	and	components.	This	is	done	by	
determining	specific	QE	actions	on	the	basis	of	the	phase-specific	deviation	of	a	system	from	
the	reference	process.	Section	3.4	sets	out	the	necessary	analyses	from	the	function	and	com-
ponent	views.

The	recommendation	of	QE	methods	for	assuring	specific	phase	results	is	given	in	section	
3.5.	The	manufacturers/developers	of	a	system	use	this	as	a	foundation	for	determining	the	
actions	to	assure	the	results.	Selection	of	the	methods	is	their	responsibility	and	the	QE	action	
plan	indicates	the	method	selection	for	each	phase.

The	QE	action	plan	shows	the	need	for	QE	actions	and	the	associated	risks	for	a	system	all	the	
way	to	its	final	completion.	It	forms	the	basis	for	reporting	the	status	of	a	subordinate	system	
to	the	superior	system.		Progress	is	tracked	upon	completion	of	every	phase	between	the	
superior	and	the	subordinate	systems.	The	subordinate	system	is	responsible	for	providing	the	
information.	Figure	14	shows	the	generic	structure	of	the	QE	action	plan.

Qe methods and qe action plan
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Qe methods and qe action plan

Recommendation	of	suitable	QE	methods	(Fig.	15)

Phase Tender	/	clarification	

TRL 3.1

IRL

Function	/	component	view TRL	function	view TRL	component	view

Specific	deviation

Complete information on interaction 
(physical, process technology, information, etc.) 
with other systems (integration)

Solutions for critical requirements 
Main functions are defined

Complete information: 
laws, regulations, standards,
use profile, vehicle configuration
customer‘s special requirements for interfaces 
(material, energy, information) placed on the 
parts to be designed, e.g. construction space, 
environment, dynamic, etc. 

Suitable	QE	methods

Requirements engineering x x

Checklists 
Non-functional requirements 
Functional requirements

x x

Use case x x

Systematic description of functions 
and system (e.g. Unified Modeling 
Language, UML)

x x

Quality Function Deployment (QFD) x x

Modelling and analysis of the system in relation 
to: 
- Dynamics
- Warming up
- Stray fields
- EMC
- Vibration noise, etc.

FMEA

Virtual prototyping / 3-D model

Software in the loop simulation

Hardware in the loop simulation / Iron Bird

Special tests: sturdiness, rigidity, endurance 
strength, pressure, tight-ness, emissions 
(liquid, gas, waves/ vibrations, e.g. sound, 
EMC, etc.)

Separate detailed view available at www.bahnindustrie.info 
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Qe methods and qe action plan

Categories of specific deviations of the system to be 
analysed from reference process / reference system
- Phase of deviation
- Type of deviation (technology readiness / integration 
readiness)

Tender	/	clarification	 Concept

3.2

I II.I

IRL	function	view IRL	component	view TRL	function	view IRL	function	view

Multi-system functions: 
Dividing up main functions 
(which system does what?)

Definition of interfaces 
(material, energy, information)
and interaction (physical, chemical, 
process technology, etc.)

Functional structures and 
operating principles for all 
functional requirements
Assignment of function/operating 
principle 
Part – Product‘s conceptual 
design is complete

Multi-system functions:
Definition of all functions  
(incl. ancillary and derived 
functions), functional structures 
and operating principles

x x x x

x x x x

x x

x x

x x x

x x

x x
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3.7	Presentation	of	systems’	status	based	on	readiness	levels

As	a	rule,	the	elements	with	the	lowest	level	of	readiness	and	requiring	the	most	effort	for	
achieving	the	objectives	also	represent	the	highest	risks	(critical	path	of	a	development).	The	
number	of	elements	with	a	low	level	of	readiness	and	a	high	level	of	development	effort	is	
also	of	particular	significance	when	it	comes	to	estimating	the	total	risk.	For	instance,	two	
systems	are	compared,	which	have	to	fulfil	eight	main	functions	pursuant	to	EN	15380-4.	
One	construction	element	structure	in	one	system	exhibits	a	low	level	of	readiness	for	one	
main	function.	In	the	other	system,	six	element	structures	exhibit	a	low	level	of	readiness	for	
the	main	functions	and	each	one	requires	a	high	degree	of	effort.	The	effort	for	realising	the	
element	structures	with	the	lowest	levels	of	readiness	is	the	same	for	both	systems.	Yet	the	
risk	to	achieving	realisation	is	higher	for	the	system	with	several	element	structures	with	low	
levels	of	readiness.

The	QE	process	model	takes	this	situation	into	account.	It	indicates	not	only	the	component	
structures	with	the	lowest	level	of	readiness	but	also	the	number	and	levels	of	readiness	of	
those	component	structures	that	realise	the	main	functions	of	systems.	The	different	systems	
are	comparable	because	the	number	of	main	functions	is	specified	in	EN	15380-4.	The	status	
of	systems	is	shown	in	Figure	16.

Presentation of systems’ status based on readiness levels

Readiness	levels	in	realisation	of	main	functions	by	element	structures	(Fig.	16)

System: Door																								Number of main functions in the system: 6

10

9

8

7

6

5

4

3

2

1

TRL 3.1 3.2 3.3 3.4 4 5 6 / 7 8 9

IRL I II II.I III.II III.III IV.I IV.II IV.III V

The weakest element (TRL/IRL) should be indicated in each case.

Example with six main functions; indication of the weakest element in each case

Separate detailed view available at www.bahnindustrie.info
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4|	Application	of	the	QE	process	model	in	a	project

The	steps	in	applying	the	QE	process	model	are	shown	in	Figures	2	and	3	in	section	2.	Figure	17	
illustrates	the	phase	assignment	to	the	superior	and	subordinate	systems.

Figure	18	presents	the	content	and	the	sequence	of	the	checklists	for	applying	the	QE	process	
model	in	a	customer	project,	and	is	oriented	on	the	flow	diagram	from	Figure	17.	This	means	
that	the	checklists	reflect	the	QE	process	model.

Application of the qe process model in a project

Flow	diagram	for	applying	the	QE	process	model,	illustrated	with	a	customer	project
(Fig.	17)

Input	from	overall	system	to	sub-systems	
- Non-functional requirements
- Laws, regulations, approval
- Use profile / configuration
- Customer’s special requirements
- Interfaces (installation spaces, forces, etc.)
- Functional requirements
 

Focus	on	subordinate	systems	relevant	to	suc-
cess	(“sub-systems	relevant	to	success”),	e.g.
- Propulsion systems
- Brake
- Vehicle control 
- Coupling
- Doors

Superior system concept
Requirements for sub-systems

Su
pe

rio
r s

ys
te

m
Su

bo
rd

in
at

e 
sy

st
em

Client: functional
specifications /
requirements

Structured,
standard analyses, 
TRL / IRL

Review after each phase

Status	(completion	of	each	phase)	of	overall	system	(graphic)	
based	on	the	sub-systems	relevant	to	success
- Elements with lowest readiness levels (TRL / IRL)
- Number of main functions needing QE actions, and
the scope of actions needed for assuring results

Consolidation to superior system of 
elements with lowest readiness level 
of all subordinate systems relevant 
to success

 Tender / clarification Concept Intermediate design  Final design Production First sample

Tender / clarification Concept Intermediate design  Final design Production

Action plans 
Assurance 
Achieving objectives

Identification	
Elements with lowest 
levels of readiness
(TRL / IRL)
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The following steps are necessary when applying the process model:

(1)		Recording	and	determining	fulfilment	of	the	non-functional	requirements	(identification		
	 of	deviations	from	the	reference	system)
	 •	Based	on	the	checklist	“Non-functional	requirements”
(2)		Recording	and	determining	fulfilment	of	the	functional	requirements	(analysis	of	
	 deviations	of	main	functions,	functional	structure,	parts/components	from	the	reference		
	 system)
	 •	Based	on	the	checklist	“Functional	requirements”
	 •	Based	on	the	table	“Product	design	process”
(3)		Classification	in	readiness	levels	(TRL/IRL)
	 •	Based	on	the	table	“TRL_IRL_MEASUREMENTS_LEVELS”
(4)		Selection	of	appropriate	QE	methods	(on	the	basis	of	TRL/IRL	and	the	deviation)
	 •	Based	on	the	table	“QE_methods”
(5)		Preparation	of	the	QE	action	plan
	 •	Based	on	the	table	“QE_ACTION_plan_generic”
(6)	Presentation	of	the	status	report
	 •	Based	on	the	table	“Summary_QE_actions”

Flow	diagram	and	application	of	checklists	during	application	
of	the	QE	process	model	to	a	customer	project	(Fig.	18)

Client: user specification (US) / requirements

Status	report	to	superior	system
based on the subordinate system relevant to success
- Critical elements
- TRL and IRL
- Actions for assuring the requirementsInput from superior system into subordinate systems

Contractor elaborates conceptual design of superior system:
Functional specifications (FS) / requirements (incl. vehicle concept)

Definition of 
requirements 
from US and FS

Non-functional

Functional

Generic	checklists	
for	subordinate	systems
Elaborate	input	
together	with	
superior	system

Identification	of	critical	elements
(Focus on deviations from 
reference system)
- Functional structure
- Parts

By structured comparison with 
reference system from
- Functional perspective
- Component perspective 

- Selection of reference system / 
 orientation on reference PDP   
 (new development)
-  Deviations from reference   
 system
-  Using findings

QE	action	plan
-	Specific	for 
identified critical	
element

- Recommendation of 
QE	actions	
Assessment	based	
on TR/ IR levels and the 
deviation- Analysis of deviations from   

 reference system / PDP
 - Main functions
 - Functional structure
 - Parts / components

Non-functional 
requirements (checklist)

Functional 
requirements (checklist)

Assignment to 
TR / IR levels

1

4

5

2 3

QE action plan, illustrated by a door system (Fig. 22)

TRL IRL Tender / clarification Concept Intermediate design Final design Production Type test  prior to integration / 
first article inspection (FAI) 

Static 
commissioning

Dynamic 
commissioning

Authorisation for placing the 
vehicle in service

Warranty

3.1 I Identification of “new 
function” also to be bolted 
securely when not in service

3.2 II Detailed conceptual speci-
fication for new function 
„Door also to be bolted 
securely when not in service“
Use case
Thorough discussion

3.3 II.I Draft for realising new 
function 
D-FMEA
Approval by customer 
Customer confirms 
integration capability

3.4 III.II Drawings / part lists 
Approval by customer
Phasing into supply chain
FEM calculation for 
safety-relevant bolts

4 III.III Before FAI prototype 
realisation and testing in 
comparable door system
complete type test, in 
particular stress test with 
2,500 Pa
Tilting test
Evidence of operating force
Vibration test

5 IV.I Process steps 
Reference process  

6 IV.II Process steps 
Reference process  

7 IV.II Process steps 
Reference process  

8 IV.III Process steps 
Reference process  

9 V Process steps 
Reference process  

Separate detailed view available at www.bahnindustrie.info

Readiness levels in realisation of main functions by element structures (Fig. 16)

System: Door                        Number of main functions in the system: 6

10

9

8

7

6

5

4

3

2

1

TRL 3.1 3.2 3.3 3.4 4 5 6 / 7 8 9

IRL I II II.I III.II III.III IV.I IV.II IV.III V

The weakest element (TRL/IRL) should be indicated in each case.

Example with six main functions; indication of the weakest element in each case

Separate detailed view available at www.bahnindustrie.info

5 6
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These	steps	are	described	in	more	detail	below:

Step	(1)	–	Recording	the	non-functional	requirements	
First	of	all	the	non-functional	requirements	are	analysed.	It	should	be	checked	whether	all	
the	necessary	information	is	available.	If	reference	systems	exist,	it	should	be	clarified	wheth-
er	the	non-functional	requirements	(boundary	conditions	and	stipulated	properties)	can	be	
transferred	to	the	new	system.	The	foundation	for	this	analysis	is	the	non-functional	checklist	
shown	in	Figure	12	in	section	3.4.2.1.
The	approach	for	determining	the	deviations	between	the	new	system	to	be	analysed	and	the	
tried-and-tested	reference	system	is	shown	in	Figure	19.
The	system	manufacturer	have	to	fill	out	the	non-functional	checklist	and	document	the	
result.	The	input	from	the	superior	system	should	be	co-ordinated	in	dialogue	between	the	
manufacturers/developers	of	the	subordinate	system	and	those	of	the	superior	system.
The	manufacturer	of	the	superior	system	and	the	manufacturer	of	the	subordinate	system	
may	have	to	co-ordinate	on	the	completed	checklist.

Step	(2)	–	Recording	the	functional	requirements
In	the	next	step	the	functional	requirements	are	analysed	pursuant	to	EN	15380-2	and	EN	
15380-4.	Starting	from	the	functional	structures,	the	systems	are	analysed	in	the	function	
view	and	in	the	component	view.	The	analysis	have	to	identify	those	elements	where	devia-
tions	from	the	selected	reference	system	occur.	If	no	reference	system	has	been	defined,	the	
deviations	from	the	reference	process	should	be	determined.	The	analysis	follows	the	ap-
proach	described	in	Figure	13	in	section	3.4.2.2.
Figure	20	shows	the	determination	and	comparison	of	the	functional	structures	with	the	
functions	described	in	EN	15380-4	for	each	system.	Manufacturers/developers	have	to	deter-
mine	the	functions	of	the	specific	systems	on	the	basis	of	the	standard.	They	are	also	respon-
sible	for	conducting	and	documenting	the	comparison	of	the	functions	with	the	requirements	
of	the	standard.	The	manufacturer	of	the	superior	system	and	the	manufacturer	of	the	subor-
dinate	system	may	have	to	co-ordinate	on	the	comparison	that	is	carried	out.

Step	(3)	–	Classification	in	readiness	levels	(TRL/IRL)
The	deviations	identified	serve	as	initial	values	for	determining	the	levels	of	readiness.	The	
foundation	for	this	is	the	evaluation	of	the	matrix	for	determining	the	levels	of	readiness	as	
shown	in	Figure	21.	It	should	be	borne	in	mind	that	the	attribute	“Physical	state	of	the	system	
/	conditions	for	test”	(upper	rows	of	the	matrix)	have	to	be	taken	into	account	for	all	such	
queries.	The	test	conditions	during	the	phase	of	property	fulfilment	are	of	crucial	importance	
when	the	levels	of	readiness	are	increased	(such	as	whether	the	test	was	carried	out	under	
static	or	operating	conditions).
The	elements	with	the	lowest	TR	and	IR	levels	have	to	be	given	particular	consideration,	since	
low	levels	of	readiness	are	an	indicator	for	additional	input	and	risk.	The	documentation	of	the	
analysis	–	i.e.	setting	the	levels	of	readiness	(TRL	and	IRL)	–	corresponds	to	the	approach	set	
out	in	Figure	13	(functional	checklist)	in	section	3.4.2.2.
Manufacturers/developers	must	work	through	and	document	the	functional	and	non-func-
tional	checklists	of	the	specific	system.	The	manufacturer	of	the	superior	system	and	the	
manufacturer	of	the	subordinate	system	may	have	to	co-ordinate	on	the	completed	checklist.

Application of the qe process model in a project
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Step	(4)	–	Selection	of	appropriate	QE	methods
Starting	from	this	analysis,	the	manufacturers	select	needs-based	QE	actions,	which	result	
from	the	process	model,	depending	on	the	category	and	phase	of	the	deviation	(see	Figure	15	
in	section	3.5).

Step	(5)	–	Preparation	of	the	QE	action	plan
The	QE	action	plan	assigns	the	selected	actions	to	individual	phases.	They	are	intended	to	
ensure	that	the	desired	results	(desired	TRL	or	desired	IRL)	are	in	fact	achieved	at	the	appropri-
ate	time.	Assignment	of	the	actions	to	the	target	TRL	or	IRL	over	the	individual	phases	enables	
the	status	to	be	represented	graphically.	The	form	for	this	presentation	is	shown	in	Figure	14	
in	section	3.6.	A	review	should	be	conducted	to	complete	each	phase,	involving	a	check	on	
whether	the	actions	selected	have	been	implemented.
In	addition,	it	should	be	clarified	whether	–	for	example	–	changes	have	resulted	in	new	
critical	situations	that	have	to	be	analysed	according	to	the	QE	process	model.

Figure	22	shows	a	specimen	QE	action	plan	for	a	door	system.

Step	(6)	–	Presentation	of	the	status	report
In	order	to	show	the	status	of	the	overall	project,	in	each	case	the	element	with	the	lowest	
level	of	readiness	and	the	highest	risk	up	to	completion	is	represented	graphically	in	accord-
ance	with	Figure	14	in	section	3.6.	For	all	the	subordinate	systems	relevant	to	success,	this	is	
done	by	their	manufacturers	or	developers,	who	report	the	status	to	the	superior	systems.	
The	project-specific	definition	of	the	systems	relevant	to	success	is	a	common	task	for	the	
manufacturers/developers	of	the	superior	and	subordinate	systems.

The	manufacturers/developers	have	to	carry	out	and	document	presentation	of	the	status	of	
the	specific	system.	Upon	completion	of	each	development	phase,	the	manufacturer	of	the	
superior	system	should	be	notified	of	the	status	in	the	presentation	prescribed	in	section	3.7	
(status	and	number	of	element	structures	that	realise	the	main	functions	of	systems).

Application of the qe process model in a project
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Approach	for	determining	the	deviation	between	a	new	system	to	be	analysed	and	a	tried-and-tested	
reference	system	(Fig.	19)
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Application of the qe process model in a project

PDP development 
phase

Planning 
- Requirements for information 
- Compiling 
- Identifying gaps

Conceptualisation
- Functional structures  
- Basic solutions

Drafting and design of 
modular structures 
Elaborating solutions / 
functional structures 

Complete draft design

Physical state / 
test conditions

Model

Simulation / description

ER
G

Technology 
readiness levels

3.1 3.2 3.3 3.4

Function view Complete information on interaction 
(physical, process technology, 
information, etc.) with other 
systems (integration), e.g. which 
accelerations must be taken into 
account
Solutions for critical requirements, 
main (i.e. crucial) functions are 
defined

Functional structures and operating 
principles for all functional require-
ments
Assignment of function / operating 
principle
Construction element
Product‘s conceptual design is complete 
- System draft (multi-domain solution 
concept)

Definition of assurance of 
properties (validation principle)

Component view Complete information and description 
of the attributes of the system:
laws, regulations, standards
use profile, vehicle configuration
Customer‘s special requirements for 
interfaces (material, energy, infor-
mation) placed on the construction 
elements to be designed, e.g. structure 
/ construction space, environment, 
dynamic, etc.

Construction elements of 
a functional structure fulfil 
requirements placed on this 
functional structure 

Definition of assurance of pro-
perties (verification / validation 
principle)

Design of all construction elements 
is completed
All construction elements are 
integrated into the system
Interacting elements fulfil 
requirements 

Evidence for TRL  - Basic vehicle structure 
(„PowerPoint design“)
- Clause-by-clause commentary on 
- Requirements of the functional 
specifications
- Designation of main and sub-
functions based on EN 15380-4, 
second level
- Description of deviations pursuant to 
checklists „non-functional / functional 
requirements“

- Conceptual specifications 
- Overall arrangement (elaborated   
   vehicle structure)
- Installation spaces 
- Draft total weight 
- Interface description available

3-D model (preliminary) - Transfer of all production 
documents
- Approval of circuit diagrams
- Approved validation plan incl. 
rough definition of evidence requi-
red (type tests)

IR
G

Integration 
readiness levels

I II.I II.II II.III

Function view Multi-system functions are defined 
and main functions are distributed 
(which system does what?)

Determination of all multi-system 
functions  (incl. ancillary and derived 
functions; functional architecture),
functional structures and operating 
principles

All overarching functions are 
fulfilled

Component view 
(interface  - 
material, energy, 
information)

Definition of interfaces (material, 
energy, information) and interaction 
(physical, process technology, etc.)

Generation of complete information 
for subordinate system 
functional requirements;
non-functional requirements and 
attributes:
laws, regulations, standards, use 
profile, vehicle configuration 
Customer‘s special requirements for 
interfaces (material, energy, infor-
mation) placed on the construction 
elements to be designed, e.g. const-
ruction concept/space, environment, 
dynamic, etc.

Detailed definition of interfaces 
for elements of the specific 
phase;
Description of the data 
interfaces for sub-systems 
characterised by complex 
software and feedback loops to 
circuit diagram of train and/or 
between the systems. 
Software (Train Control 
Monitoring System, TCMS) 
can be implemented later in a 
separate cycle

Detailed definition of all interfaces

Evidence for IRL Description of deviations pursuant 
to checklists
„non-functional / functional 
requirements“

Tech. specifications available for 
procuring elements and subordinate 
system (incl. interface description)

Approval of interfaces 
(protocols) 

Approval of data interfaces 
(protocols)  

Approach	for	determining	levels	of	readiness	based	on	the	assessment	matrix	(Fig.	21)

Project
phases

Tender	/	clarification Concept Intermediate	design Final	design Production

Determination of the TRL 
based on achievement of 
all desired results for the 
respective level
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PDP development 
phase

Planning 
- Requirements for information 
- Compiling 
- Identifying gaps

Conceptualisation
- Functional structures  
- Basic solutions

Drafting and design of 
modular structures 
Elaborating solutions / 
functional structures 

Complete draft design

Physical state / 
test conditions

Model

Simulation / description

ER
G

Technology 
readiness levels

3.1 3.2 3.3 3.4

Function view Complete information on interaction 
(physical, process technology, 
information, etc.) with other 
systems (integration), e.g. which 
accelerations must be taken into 
account
Solutions for critical requirements, 
main (i.e. crucial) functions are 
defined

Functional structures and operating 
principles for all functional require-
ments
Assignment of function / operating 
principle
Construction element
Product‘s conceptual design is complete 
- System draft (multi-domain solution 
concept)

Definition of assurance of 
properties (validation principle)

Component view Complete information and description 
of the attributes of the system:
laws, regulations, standards
use profile, vehicle configuration
Customer‘s special requirements for 
interfaces (material, energy, infor-
mation) placed on the construction 
elements to be designed, e.g. structure 
/ construction space, environment, 
dynamic, etc.

Construction elements of 
a functional structure fulfil 
requirements placed on this 
functional structure 

Definition of assurance of pro-
perties (verification / validation 
principle)

Design of all construction elements 
is completed
All construction elements are 
integrated into the system
Interacting elements fulfil 
requirements 

Evidence for TRL  - Basic vehicle structure 
(„PowerPoint design“)
- Clause-by-clause commentary on 
- Requirements of the functional 
specifications
- Designation of main and sub-
functions based on EN 15380-4, 
second level
- Description of deviations pursuant to 
checklists „non-functional / functional 
requirements“

- Conceptual specifications 
- Overall arrangement (elaborated   
   vehicle structure)
- Installation spaces 
- Draft total weight 
- Interface description available

3-D model (preliminary) - Transfer of all production 
documents
- Approval of circuit diagrams
- Approved validation plan incl. 
rough definition of evidence requi-
red (type tests)

IR
G

Integration 
readiness levels

I II.I II.II II.III

Function view Multi-system functions are defined 
and main functions are distributed 
(which system does what?)

Determination of all multi-system 
functions  (incl. ancillary and derived 
functions; functional architecture),
functional structures and operating 
principles

All overarching functions are 
fulfilled

Component view 
(interface  - 
material, energy, 
information)

Definition of interfaces (material, 
energy, information) and interaction 
(physical, process technology, etc.)

Generation of complete information 
for subordinate system 
functional requirements;
non-functional requirements and 
attributes:
laws, regulations, standards, use 
profile, vehicle configuration 
Customer‘s special requirements for 
interfaces (material, energy, infor-
mation) placed on the construction 
elements to be designed, e.g. const-
ruction concept/space, environment, 
dynamic, etc.

Detailed definition of interfaces 
for elements of the specific 
phase;
Description of the data 
interfaces for sub-systems 
characterised by complex 
software and feedback loops to 
circuit diagram of train and/or 
between the systems. 
Software (Train Control 
Monitoring System, TCMS) 
can be implemented later in a 
separate cycle

Detailed definition of all interfaces

Evidence for IRL Description of deviations pursuant 
to checklists
„non-functional / functional 
requirements“

Tech. specifications available for 
procuring elements and subordinate 
system (incl. interface description)

Approval of interfaces 
(protocols) 

Approval of data interfaces 
(protocols)  

Assurance of properties 
through verification and 
validation (scope for 
stand-alone systems)

Assurance of properties through 
verification and validation

First sample
(experimental set-up if 
system qualification is 
brought forward) is not 
integrated into superior 
system, Test is not integ-
rated into superior system 
(stand-alone)

First sample
(experimental set-up if system 
qualification is brought forward) 
is integrated into superior system);
Test of the system is integrated into 
standing (static) superior system

First sample (near-series product 
if system qualification is brought 
forward) is integrated into superior 
system;
Testing under test conditions 
(TRL 6) or trial operation (TRL 7) 
conditions

Series product is integrated 
into superior system;

Test under conditions for 
approval or acceptance 
operation

Series product is integrated into 
superior system;

Deployment under conditions of 
specific operation

4 5 6 / 7 8 9

Evidence of fulfilment of 
all functional requirements 
to the extent defined and 
verifiable for type test and 
first article inspection (FAI)

Evidence of fulfilment of all 
functional requirements 
(static)

Evidence of fulfilment of all 
functional requirements 
(dynamic)

Evidence of fulfilment of 
all functional requirements 
(approval / acceptance)

Evidence of fulfilment of all 
functional requirements
(operational deployment)

Evidence of fulfilment of 
all requirements placed on 
construction elements to 
the extent defined and veri-
fiable for type test and first 
article inspection (FAI)

Evidence of fulfilment of all 
requirements placed on 
construction elements
(static)

Evidence of fulfilment of all 
requirements placed on 
construction elements (dynamic)

Evidence of fulfilment of all 
requirements placed on cons-
truction elements (approval / 
acceptance)

Evidence of fulfilment of all 
requirements placed on 
construction elements
(operational deployment)

Evidence of fulfilment of 
requirements placed on 
subordinate system (FAI 
report)

Type test protocols 
(prior to integration)

Type test protocols 
(integration static)

Type test protocols
(integration dynamic)

Commissioning approval
Approval certificate 
Acceptance protocol

No reports of necessary design 
modifications within one annual 
cycle

III IV.I IV.II IV.III V

Defined input from 
superior system triggers 
defined function in non-
integrated subordinate 
system (test environment, 
e.g. signal on pin x triggers 
door opening)

Defined interaction fulfils / triggers 
defined function / feedback from the 
subordinate system

From the viewpoint of 
the subordinate system, 
test of connection to 
superior system and 
other systems

Fulfilment of requirements placed on interaction

Protocol (FST) Type test protocol (static) Type test protocol (dynamic) Authorisation of service
Approval certificate 
Acceptance protocol

No reports of necessary design 
modifications within one annual 
cycle

Project
phases

Tender	/	clarification Concept Intermediate	design Final	design Production Production Type	test	prior	to	in-
tegration	/	first	article	

inspection	(FAI)

Static	
commissioning

Dynamic	
commissioning

Authorisation	for	placing	
the	vehicle	in	service

Operation	/	

warranty

Determination of the IRL 
based on achievement of 
all desired results for the 
respective level
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QE	action	plan,	illustrated	by	a	door	system	(Fig.	22)

TRL IRL Tender	/	clarification Concept Intermediate	design Final	design Production Type	test		prior	to	integration	/	
first	article	inspection	(FAI)	

Static	
commissioning

Dynamic	
commissioning

Authorisation	for	placing	the	
vehicle	in	service

Warranty

3.1 I Identification of “new 
function” also to be bolted 
securely when not in service

3.2 II Detailed conceptual speci-
fication for new function 
„Door also to be bolted 
securely when not in service“
Use case
Thorough discussion

3.3 II.I Draft for realising new 
function 
D-FMEA
Approval by customer 
Customer confirms 
integration capability

3.4 III.II Drawings / part lists 
Approval by customer
Phasing into supply chain
FEM calculation for 
safety-relevant bolts

4 III.III Before FAI prototype 
realisation and testing in 
comparable door system
complete type test, in 
particular stress test with 
2,500 Pa
Tilting test
Evidence of operating force
Vibration test

5 IV.I Process steps 
Reference process  

6 IV.II Process steps 
Reference process  

7 IV.II Process steps 
Reference process  

8 IV.III Process steps 
Reference process  

9 V Process steps 
Reference process  

Separate detailed view available at www.bahnindustrie.info
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TRL IRL Tender	/	clarification Concept Intermediate	design Final	design Production Type	test		prior	to	integration	/	
first	article	inspection	(FAI)	

Static	
commissioning

Dynamic	
commissioning

Authorisation	for	placing	the	
vehicle	in	service

Warranty

3.1 I Identification of “new 
function” also to be bolted 
securely when not in service

3.2 II Detailed conceptual speci-
fication for new function 
„Door also to be bolted 
securely when not in service“
Use case
Thorough discussion

3.3 II.I Draft for realising new 
function 
D-FMEA
Approval by customer 
Customer confirms 
integration capability

3.4 III.II Drawings / part lists 
Approval by customer
Phasing into supply chain
FEM calculation for 
safety-relevant bolts

4 III.III Before FAI prototype 
realisation and testing in 
comparable door system
complete type test, in 
particular stress test with 
2,500 Pa
Tilting test
Evidence of operating force
Vibration test

5 IV.I Process steps 
Reference process  

6 IV.II Process steps 
Reference process  

7 IV.II Process steps 
Reference process  

8 IV.III Process steps 
Reference process  

9 V Process steps 
Reference process  
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Glossary	
Ancillary	function
Function	that	is	not	the	main	function.	A	sub-function	of	a	product	may	be	an	ancillary	
function	in	relation	to	the	product.	It	may	be	the	main	function	in	relation	to	the	part	of	the	
product	in	which	this	sub-function	occurs	[VDI	2221].

Assembly
A	combination	of	element	structures	forming	a	unit	that	cannot	yet	be	used	independently	
[EN	15380-2].

Black	box
Representation	of	a	system	that	executes	functions	with	only	input	and	output.

Boundary	condition
Uninfluenceable	condition	that	must	be	taken	into	consideration	as	a	predetermined	proper-
ty.	[EN	15380-5].

Development
Analysis	and	processing	of	new	findings	and	their	application.	Creation	of	new	products	
through	targeted	and	methodological	considerations,	experimentation	and	designs.

Deviation	is	fundamental:	The	deviation	occurs	at	a	fundamental	level	and	has	an	impact	on	
the	object	being	examined;	basic	changes	are	required	to	handle	the	deviation	in	the	object	
being	examined.
Example:	the	energy	is	transmitted	by	a	different	operating	principle	(electric	instead	of	pneu-
matic),	and	different	parts	must	be	used.

Deviation	is	identical/unimportant:	The	deviation	is	not	crucial	and/or	is	of	secondary	im-
portance,	and	impact	on	the	object	being	examined	is	negligible;	no	changes	are	required	
for	handling	the	deviation	in	the	object	being	examined.	For	example,	the	colour	inside	an	
equipment	box	is	changed	from	light	blue	to	light	grey	(there	are	no	requirements	relating	to	
the	colour).

Deviation	is	marked:	The	deviation	is	clear	and	crucial	and	there	is	an	impact	on	the	object	
being	examined;	no	basic	changes	are	required	for	handling	the	deviation	in	the	object	being	
examined.
For	example,	an	energy	absorption	element	is	designed	for	a	slightly	higher	energy	absorp-
tion,	and	the	operating	principles	remain	as	before;	the	part	is	modified.	

Element
A	unit	comprised	of	several	construction	elements	is	an	assembly	[derived	from	EN	15380-2].

Element	structure
Functional	structures	are	implemented	by	active	structures	–	that	is,	through	physical,	chem-
ical	or	other	effects	–	and	their	structure.	The	active	structures	determine	the	construction	
elements,	parts	or	components	with	which	the	active	and	the	functional	structures	can	be	

Glossary
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realised.	Several	elements	can	be	combined	as	element	structures.	Functions	are	implemented	
by	elements	or	element	structures.

Function
There are several different definitions of this term. The following definition based on EN 15380-4 
should be used for application of the QE guideline:

A	function	executed	by	technical	means	and/or	humans	transforms	(viewed	as	a	“black	box”)	
input	parameters	(material,	energy,	information)	into	target-oriented	output	parameters	(ma-
terial,	energy,	information).	Functions	can	be	described	using	a	noun	and	a	verb	(e.g.	convert	
energy,	enable	access).	Questions	such	as	“What	is	the	purpose?”	or	“What	does	the	system	
achieve?”	lead	to	identification	of	the	function.

Functional	requirement
Expresses	the	special	demand	or	ability	of	a	function	in	the	Functional	Breakdown	Structure	
(FBS).

Please	note:	functional	requirements	and	use	cases	are	generally	initially	derived	from	the	
passengers	or	freight/load	to	be	transported	and	the	wishes	of	the	operators.	Later	in	the	
development	process,	functional	requirements	of	the	fitters	and	suppliers	are	added.	They	
express	the	requirements	placed	on	a	certain	functionality	described	in	the	FBS	–	for	example	
in	relation	to	interoperability	with	other	functions,	safety,	operation,	function/behaviour	or	
functional	architecture/design	restrictions.	The	functional	designation	is	normally	specified	
even	more	precisely	in	the	details	of	the	properties,	which	supply	more	information	about	reli-
ability,	availability,	performance	capability,	quality,	documentation,	input	and	output	data	and	
behaviour	in	real	time.	These	superior	functional	objectives,	which	are	elaborated	for	environ-
mental	conditions,	design	characteristics	and	selected	target	groups	and	target	objects,	are	
“requirements	placed	on	a	function”	[EN	15380-4].

Integration
Refers	to	the	interaction	between	systems.

Integration	readiness	level
The	integration	readiness	model	evaluates	the	degree	of	fulfilment	of	the	functionality	of	the	
interaction	of	several	systems.	It	indicates	the	status	of	a	system	vis-à-vis	the	superior	system:	
does	it	fulfil	all	the	requirements	for	integration	into	a	superior	system	and	for	fulfilling	its	
requirements	in	this	environment?

Level	of	readiness
A	level	of	readiness	describes	the	readiness	of	an	observed	field	in	relation	to	a	certain	
method	or	a	model	for	action	or	management.	Different	amounts	of	agreement	–	between	
the	defined	criteria	(attributes	relevant	to	decision-making)	and	a	degree	of	fulfilment	of	the	
criteria	–	result	in	various	levels	of	readiness.	One	or	more	requirements	are	assigned	to	each	
of	these	levels	of	readiness.
A	level	of	readiness	is	regarded	as	attained	only	if	the	criteria	described	there	and	those	de-
scribed	in	the	preceding	stage	are	shown	to	be	met.	The	levels	of	readiness	accordingly	build	
on	one	another	[AHL2005].
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Main	function
Crucial	function	of	a	product	or	of	an	assembly	[EN	15380-2].	Function	that	describes	a	main	
purpose	of	a	product	[VDI	2221].

New	system
The	new	system	is	the	result	or	product	that	is	to	be	developed	to	fulfil	the	requirements.

Operating	principle
The	operating	principle	refers	to	the	connection	between	the	physical	effect,	geometrical	
features	and	material	features	(effective	geometry,	effective	action	and	material).	It	allows	
recognition	of	the	principle	of	the	solution	for	fulfilling	a	sub-function	[VDI	2206].

Overall	function
Totality	of	all	functions	that	a	product	realises	or	is	intended	to	realise.	The	overall	function	
can	be	divided	into	sub-functions.	The	overall	function	is	derived	from	the	task;	it	fulfils	the	
overall	task	of	the	product	[VDI	2221].

Part
A	product	that	can	be	unequivocally	identified,	which	is	regarded	as	indivisible	for	a	certain	
planning	and	control	purpose,	and/or	cannot	be	taken	apart	without	being	destroyed	[EN	
15380-2].

Product
Planned	or	achieved	result	of	work	[EN	15380-5].
The	product	fulfils	the	function	and	is	comprised	of	product	groups	[EN	15380-2].

Product	group
A	product	group	fulfils	the	function	of	an	assembly	or	a	component.

Product	structure
The	product	structure	results	from	the	physical	implementation	of	the	functional	structure.

Quality	engineering
Quality	techniques	for	qualitative	assurance	of	a	product	development.	Quality	engineering	
methods	are	used	for	defining,	monitoring	and	controlling	conformity	of	the	developed	prod-
ucts	with	the	requirements	and	for	determining	the	need	for	quality	assurance.

Reference	process
The	reference	process	represents	the	ideal	process	and	provides	a	basis	for	comparisons.

Reference	system
The	reference	system	represents	the	system	with	which	something	else	is	to	be	compared.	
The	new	system	is	compared	with	the	reference	system.

Requirement
Qualitative	and/or	quantitative	determination	of	properties	or	conditions	for	a	product;	the	
requirements	may	be	given	different	weightings	[VDI	2221].
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Sub-function
Every	function	that	can	be	identified	by	dividing	up	a	superior	function.	Sub-functions	can	
be	main	functions	and	ancillary	functions.	Sub-functions	can	be	arranged	in	a	hierarchy	[VDI	
2221].

Sub-system
A	rail	vehicle	is	built	up	of	sub-systems.
Please	note:	EN	15380-5	defines	ten	main	systems,	also	called	1st	level	systems.	The	main	
systems	are	comprised	of	2nd	level	sub-systems.	In	this	guideline,	the	term	“sub-system”	is	
regarded	as	equivalent	to	the	term	“main	system/first-level	system”	as	in	EN	15380-5.

System
Systems	execute	functions	[VDI	2221].
Set	of	interrelated	objects	considered	in	a	certain	context	as	a	whole	and	regarded	as	separat-
ed	from	their	environment	[EN	15380-5].
Note	1	on	the	term:	a	system	is	generally	defined	with	a	view	to	achieve	a	given	objective,	e.g.	
by	performing	a	definite	function.
Note	2	on	the	term:	examples	of	a	system:	a	drive	system,	a	water	supply	system,	a	stereo	
system,	a	computer.
Note	3	on	the	term:	a	system	is	considered	to	be	separated	from	the	environment	and	from	
other	external	systems	by	an	imaginary	surface,	which	cuts	the	links	between	them	and	the	
system.

System	level
Level	of	grouped	systems	[EN	15380-5].

Technology	readiness	model
The	technology	readiness	model	evaluates	the	degree	of	fulfilment	of	the	functional	capabili-
ty	of	a	separated	system.	It	focuses	on	fulfilment	of	the	requirements	placed	on	the	system.	It	
describes	the	performance	of	this	system.
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Liability	disclaimer	
This	guideline	represents	a	standard	as	a	recommendation	and	is	freely	available	for	all	to	use.	
Notwithstanding	the	form	of	the	guideline	as	a	recommendation,	users	are	free	to	agree	with	
the	authors	to	make	binding	reference	to	this	guideline.
If	the	guideline	is	applied,	the	users	shall	be	responsible	for	correct	application	and	imple-
mentation	of	the	recommendations.	Application	of	the	guideline	does	not	relieve	the	users	of	
any	responsibility	for	their	own	actions.	Neither	does	application	of	the	guideline	obviate	any	
legal	or	regulatory	requirements.
The	publisher	does	not	accept	any	liability	or	guarantee	that	the	following	recommendations	
are	up-to-date,	correct,	complete,	or	of	a	certain	quality.	Liability	claims	against	the	publisher,	
which	relate	to	damage	caused	by	the	application	of	this	guideline,	are	excluded.
The	guideline	was	prepared	to	the	best	of	our	knowledge	and	belief.	Should	a	user	find	any	
errors	or	any	statement	allowing	differing	interpretations,	we	request	that	the	publisher	be	
notified.
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