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Non-binding VDA Standard recommendation 

The Association of the German Automotive Industry (VDA) recommends its 
members to apply the following standard for the implementation and 
maintenance of quality management systems. 

Exclusion of liability 

VDA publications are recommendations available for general use. Anyone 
applying them is responsible for ensuring that they are used correctly in 
each case. 

This VDA volume takes into account state of the art technology, current at 
the time of issue. Implementation of VDA recommendations relieves no one 
of responsibility for their own actions. In this respect everyone acts at their 
own risk. The VDA and those involved in VDA recommendations shall bear 
no liability. 

If during the use of VDA recommendations, errors or the possibility of mis-
interpretation are found, it is requested that these be notified to the VDA 
immediately so that any possible faults can be corrected.   

Referenced standards 

The quotations from standards identified with their DIN number and issue 
date are reproduced with the permission of the DIN Deutsches Institut für 
Normung e.V.  

The version with the latest issue date, available from the publishers Beuth 
Verlag GmbH, 10772 Berlin, is definitive for the use of the standard. 

Copyright  

This publication including all its parts is protected by copyright. Any use 
outside the strict limits of copyright law, is not permitted without the consent 
of VDA QMC and is liable to prosecution. This applies in particular to 
copying, translation, microfilming and the storing or processing in electronic 
systems. 

Translations 

This publication will also be issued in other languages. The current status 
must be requested from VDA QMC. 
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Process description covering special characteristics 

1 Preface 

This VDA publication serves as a starting point for determining, specifying, 
tracking, documenting and archiving special characteristics. These must be 
agreed between customer and supplier throughout the entire supply chain. 

This publication is a recommendation for the practical use of significant and 
critical characteristics, while complying with the framework conditions set 
out in standards and in legislation.  

As a process model the VDA publication "Product creation; maturity level 
assurance for new parts" has been taken by way of example. If preferred, a 
company's own in-house product creation process can be used. 

2 Objectives of the process covering special characteristics; 
definitions and limitations 

The special process describes the way in which significant and critical 
characteristics are identified and specified.  

Special characteristics are characteristics which require special care and 
are not controlled by other processes. This does not exclude the possibility 
that special characteristics may be identified also in these other processes.  

The expression "other controlled processes" covers processes which (like 
the special process) classify characteristics and, if appropriate, define any 
requirements over and above the general technical level of care required. 
Examples include:  

 ISO 26262 Functional security (probable publication date 2011)  

 ISO 14001 Environment and emissions  

 OHSAS 18001 Health and safety at work  

 2000/53/EG Vehicle end-of-life directive  

 Symbols for safety items to VDA 4902/3.2 : labels 

Systems, components or parts with an immediate influence on:  

- safety/security 
- vehicle registration 
- function 

may require extra care and attention.  
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These systems, components or parts can be validated with the aid of 
special characteristics. 

The term "extra care and attention" refers to the layout and security of the 
function / the characteristic by using appropriate solutions. This includes: 

 identification and specification 

 implementation and establishment 

 documentation and archiving 

of the special characteristics. 

Among other matters, this care and attention refers to requirements which 
extend over and above the general technical care required, where one or 
more of the following aspects may be involved. 

Development process 
 Layout of characteristics 

 Ensuring the function required 

 Calculations and simulation 

 Tests and trials 

 Monitoring during operation 

 Validation of fail-safe features, robust operation) 

 Emergency running concepts 

 Acceptance checks and releases 

 Documentation and archiving 

Production process 
 Process, measurement and test/inspection equipment capability 

 Process control covering manufacturing, test/inspection, maintenance, 
handling, storage, packing, conservation, shipping, transport fixings and 
transport 

 Documentation and archiving 

 Traceability 

 Certification for customers 

The extra work which may be involved with the heightened level of care 
and attention is justified by the possible consequences of a failure of the 
function. 

"As much as necessary; as little as possible" is the watchword in 
guaranteeing adequate security. These mean that, the more robust and 
validate the design, the fewer special characteristics will be necessary. 
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3 Categories of special characteristics 

The term "characteristic" covers identifying features, starting from the 
functional level to the level of features identifying the product and the 
process.  

Special characteristics are merely some of the characteristics which identify 
the product or process. They are divided into 3 categories. 

 cc/s (cc = critical characteristic, s = safety): safety requirement / 
product safety / safety-relevant consequences (special 
characteristic related to safety) 

 cc/h (cc = critical characteristic, h = homologation): legal and public 
authority requirements relating to vehicle registration at the time 
the product is brought onto the market (special characteristic 
related to legal and regulatory requirements) 

 sc/f (sc = significant characteristic, f = function): functions and 
requirements (special characteristic related to functions and 
requirements) 

 

Hierarchy of special characteristics 

 The critical characteristics classified as cc/s (safety requirements) and 
cc/h (legal, public authority and vehicle registration requirements) have 
effects down to the lowest level of the hierarchy (Tier n) if they have not 
been validated at a higher level. 



Dokument wurde bereitgestellt vom 

VDA-QMC Internetportal am 24.04.2012 um 10:11

Nur zur internen Verwendung für Faurecia Autositze GmbH bestimmt.

9 
 

 In the same way, each cc/s and cc/h, which is determined at a lower 
level can be taken forward to the customer (OEM, Tier 1) at the higher 
level. 

 The significant characteristics sc/f (functions and requirements) operate 
downwards into the lower levels and only in exceptional cases upwards 
into the higher levels. 

The importance of special characteristics 

Characteristics which have consequences if they are not achieved or 
maintained, fall into the following categories. 

cc/s cc = critical characteristic. These are safety/security requirements, 
those involving product safety and those with safety-relevant 
consequences, whose failure or deficiency may be an immediate 
danger to life and limb. In addition, such causal events must be 
foreseeable and not exceeding all probability. 

 Criteria may be: 
 Protection for passengers in accidents 
 Prevention of: 

 momentary loss of sight of the road 

 brake failure 

 steering failure 

 drive function failure 

 sudden loss of power 

 uncontrolled drive 

 leakage of fuel / risk of fire 

 insecure loads / trailers / parts 

 injury when travelling or when using the vehicle in any way 

cc/h cc = critical characteristic. Legal and public authority regulations 
relating to registration of the vehicle at the time the product is 
introduced to the market. 

 Registration-related (e.g., locking system, headlights) 

 Homologation (e.g., exhaust gases, vehicle emissions, 
regulations issued by vehicle registration authorities) 

 Legislation-related (recycling, warranty) 

sc/f sc = significant characteristic. Functions and requirements 

 Important functional requirements – the "4 x F" of Form, Fit,  
  Function and perFormance), tolerances, etc.). 

 Technical manufacturing demands (difficult to assemble, etc.) 

 Severe economic damage to customer and/or supplier 
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 Note 1: For a definition of the term "characteristic" see  
DIN EN ISO 9000:2005/3.5 : "Characteristic-related terms" 

 

 Note 2: The critical characteristics covered by VDA Band 1,  
"Documentation and archiving" are merely a selection 
of the definition of the term "Special characteristics". 
These are sc/f and cc/h. 

 

 Note 3: For a definition of the term "Significant characteristics" 
see ISO/TS 16949/3.1.2. 

 

 Note 4: The categories cc/s, cc/h and sc/f are neutral, informative  
terms and are not prescriptive. They are put forward as  
proposals to achieve desired uniformity. 
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4 The process of applying special characteristics in the product 
creation process 

As a process model the VDA publication "Product creation; maturity level 
assurance for new parts" has been taken as an example. If preferred, a 
company's own in-house product creation process can be used. The 
requirements relating to significant and critical characteristics must be 
taken into account when carrying out maturity level assurance. 

The considerations highlighted in the following illustration show areas with 
a direct relationship to significant and critical characteristics. 

 

Maturity level model from VDA Volume "Product creation; maturity level assurance for new parts“ 

The following sequential illustration is provided for clarity. The process 
model is based on simultaneous engineering, in which process stages 
overlap in terms of time.  
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4.1.1   Requirements regarding the concept 

As a first step an examination is made  
of the relevant functions and require- 
ments regarding the vehicle concept 
and experience from previous projects. 

System layout, requirements specifi- 
cations and safety / security demands 
form the basis for the risk analysis.  
In addition there are different types of failure and their consequences. 
These results flow into the concept filter so that relevant functions, 
requirements and characteristics can be determined. 

4.1.2  Concept filter 

Special characteristics regarding functions, safety / security requirements 
or legal and public authority regulations which have already been specified, 
as well as customer requirements, must be adopted directly without 
filtering. Special characteristics from previous projects are passed through 
the filter and do not necessarily have to be adopted.  

In the concept filter the first step is to clarify if the concept is validated.  
 

Methods of concept validation 
are  set  out  in  Section  4.3 :  
"References  to   validation 
methods". 
 
In terms of the concept,  
requirements can be validated 
by, for example:  

 error tolerances 

 redundancies 

 secure fall-back levels 

Functions and requirements which have been validated in the concept 
need not be tracked further. 

The validation must be demonstrated and documented.  
 
In the case of functions, requirements and characteristics not validated by 
the existing concept, a change in the concept is considered. If a change in 
the concept is not possible, or if the concept change does not result in 
successful validation, these functions, requirements and characteristics are 
examined further in the design. 
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4.1.3  Requirements regarding the design 

The non-validated functions 
and requirements which have 
been identified are taken into 
account when drawing up the 
performance specification 
and deciding on the course 
of the development.  

The information gained from the detailed description, from the performance 
specification, together with experience from previous projects and layouts, 
as well as the results of simulations, trials, assessments and verifications 
are also included in the design filter for further consideration. 

If a prototype production control plan is required, the relevant 
characteristics are included in this. 

4.1.4  Design filter 

Special characteristics which have already been specified must be included 
directly in the technical documentation of the development, with no filtering.  

In the design filter the first step is to determine whether the design is 
validated and secure.   

Methods for validation are set  
out in Section 4.3 "References  
to validation methods". 
If the design is robust (see 
Section 4.4) or if the designed 
has been validated, the sc or cc 
under examination is not tracked 
any further. Otherwise, a  
change in the design must 
be considered. 
 

The validation must be demonstrated and documented. 
  

Significant and critical characteristics can be defined, for example, if:  
• they are extremely sensitive to manufacturing conditions and/or the   
   slightest changes in material characteristics 
• the manufacturing tolerances can be maintained only with considerable  
  effort.  
The special characteristics which have been specified and have  
been identified with the aid of the filters must be recorded in the technical  
documentation for the project and must be forwarded to the production  
planning department and, if appropriate, also to the customer. 
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ML2 
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 Release of technical 
specifications 

  

 

ML3 
 

 

Manufacturing feasibility study  
and testability analysis; risk 

analysis; production planning;  

test concept 
 Pre-launch CP 

Technical documentation inc.  
specified special characteristic 

4.2.1  Requirements regarding production planning 
 
Any special characteristics  
specified in the technical  
documentation  must  be  
analysed within the framework 
of the manufacturing feasibility 
study and testability analysis,  
the risk analysis, the production  
planning and the test/inspection  
concept. The results must be documented in the production control plan for 
pre-production. In this way the concept requirements for the production 
process are arrived at and these then flow into the production planning filter 
for further examination.   
 

4.2.2  Production planning filter 

Special characteristics and test/inspection specifications which must be 
adopted directly in the next stage can be specified in the technical 
documentation. 
 
In the production planning 
Filter  it  must  be  clarified  
whether  the  production  
concept is validated and 
therefore secure.  
   
Methods for validation are set  
out in Section 4.3: "References 
to validation methods ". 
 
Special characteristics which  
have  been  validated  in the  
production concept do not need to be tracked any further.  

Validation of the production concept must be demonstrated and 
documented.  

If the special characteristic cannot be validated by the production concept, 
the first step is to consider a change to the product concept. If a change is 
not possible of if the change does not result in successful validation, the 
characteristic(s) must be carried forward to the production process filter. 
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4.2.3  Requirements regarding the production process filter 

The validation of the production concept 
and test/inspection planning can generate 
indicators for further special characteristics 
in the process.  
 
The special characteristics which have 
been identified are examined further. 

4.2.4  Production process filter 

Special characteristics already specified must be carried forward directly. 

In the production process filter it is clarified whether the sc and/or cc is 
validated and secured by the production process.  

Methods for validation are  
set out in Section 4.3:  
"References to validation 
 methods". 

The special characteristics 
which have been validated  
and secured by a robust  
production process do not  
need to be tracked any 
further. 

The robust production  
process must be proven 
and documented. 

If the special characteristic cannot be validated and secured by the 
production process, the first step is to consider a change to the production 
process. If a change is not possible of if the change does not result in 
successful validation, the characteristic(s) and the methods used to check 
and monitor them are incorporated in the production control plan for full 
production 

If the special characteristic cannot be checked directly on the product, the 
necessary associated process parameters must be monitored and the 
product must be checked on a random sample basis. 

The results of the checks and monitoring must be recorded.  
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4.3  References to validation methods 

Risk detection and actions to minimize risks, including verification and 
validation of the implementation of these actions, are among the methods 
used to validate and secure product and process. 

Methods of risk analysis and risk assessment are described in VDA 
publications, among others, such as: 

 Failure Mode and Effects Analysis (FMEA) 

 Fault Tree Analysis (FTA) 

The most important elements in all risk analyses are: 

 Functions 

 Characteristics 

 Possible failure modes; deviations; non-conformances 

 Possible effects of failure modes 

 Risk assessment 

 Specifying appropriate actions 

Alternatively, the following activities can also be carried out:  

 Hazard analysis and risk assessment 

 Event Tree Analysis (ETA ) 

 Value Analysis / Value Engineering (VA / VE ) 

 List comparison 

 Team of experts 

 …… 
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4.4  Expanded details of the process description covering   
  significant and critical characteristics 

 

Premises 

 The special characteristics must be determined on an inter-disciplinary 
basis. 

 Experience gained from previous projects is an input factor in 
determining significant and critical characteristics. 

 Special characteristics must be determined without any consideration of 
the work involved, within the framework of what is specified as legally 
reasonable. 

 Experience from product observation must be taken into account. 

 If changes are made to product and/or process the exercise of 
determining special characteristics must be carried out again. This 
applies particularly where production is transferred to another location. 

 A proportion of safety-relevant critical characteristics and homologation-
related characteristics may be specified by the customer. However, as a 
general principle, the supplier must also, on his own responsibility, 
identify special characteristics. 

Robust design 

The term "robust design" describes a design which reacts without undue 
sensitivity to fluctuations and interference factors (for example, if individual 
features exceed tolerance limits) – in other words, it continues 
demonstrably to fulfil the functions which are expected and required. 

Proof of robust design is the obligation of the development function 
responsible and can be provided, for example, by DoE (Design of 
Experiments).  

Robust process 

In the same way, a robust process is seen as a process which reacts 
without undue sensitivity to fluctuations and interference factors (e.g., 
voltage fluctuations; insulation defects on varnished wire or tool wear – that 
is, the manufactured product demonstrably continues to perform as 
required – see the VDA publication: "Product manufacture and delivery – 
robust production process“. 

Proof of robust process is the obligation of the process planning 
department responsible and can be provided, for example, by capability 
certification. 
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Production control plan (Production CP) 

The production control plan describes the planned activities to validate and 
secure the product and process characteristics. The production control plan 
is defined in ISO/TS 16949/7.5.1.1 and in the appendix. 

 
4.5  Identification 

Identifying special characteristics in documents using suitable symbols 
serves primarily to provide clear and simple identification. Against this 
background the symbols should not contain too much specific information.   

It is recommended that the so-called "Zeppelin" be used to identify 
characteristics. This airship-shape symbol contains an identifying letter for 
the category of the characteristic (s, h or f) and, for each category, a 
sequential number to differentiate it in the release document.  

The identification of the characteristic can also be preceded by a separate 
identifier, as described in VDA Volume 1, section 5.4 in the table 
"Identifying documents with critical characteristics“. 

Attachments can also be made to the identification "Zeppelin", such as the 
release status, the origin, or a separate symbol for in-house differentiation 
and control of the characteristic. 

Any further information associated with the characteristic (who what, how 
and how many, with what documentation) can ideally be included in the 
same document in a table. 

"Zeppelin" symbol – identifier for special characteristics  

Freigabestatus / Herkunft

E

X

Extern

(BM vom Kunden 

für den Lieferanten)

Weitere Kennzeichnung

gemäß

VDA 1/5.4

nutzbar

ES 1

Kategorie

und

Nummer

S

Z

F
 

Category  
and 

number 

Release status / origin Suitable for use - 

see VDA 1/5.4 

s 

h 

f 

E  = External (specified by 
        the customer for the  
        supplier) 

X  =  Other identification 

s 1 
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Example: Component drawing showing the intake module of  
         an internal combustion engine: 

 

 

The flatness of the flange surface in the hatched area is identified as a 
critical characteristic with relevance to homologation (thus giving the cc/h1 
identifier). The consequence of not achieving the characteristic could be a 
leak in the inlet tract, which might result in high emissions of harmful 
substances. 

 

 

 

 

 

 

 

 

 

 
Contact surface to cylinder head 

9 surfaces In stressed position 

In free status 

4 intake pipes 

 Area affected 

 

 cc/h1 
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Any further details relating to the special characteristic can be entered in a 
table in the drawing or in a separate document. 

 

The second example in the table shows a significant characteristic which 
has been specified by the customer. Characteristics of this kind are 
identified with an "E" – see "sc/f1E" in the third column. 

In documents such as requirements specifications or safety certificates 
which may not contain any illustrations, an explanatory commentary and 
the category can be added to the table. In the following example in a 
requirements specification, the critical characteristic is defined as sc/f1-E 
with the "E" indicating a customer requirement. 

 

Description 

 

Characteristic and specification 

 

Category 

 

Action by 

Implementation 

(what / how 

and how many) 

 

Documentation 

Flange surface on  

cylinder head 

Levelness                 when clamped 

                                   in free state 
cc/h1E

 

Supplier / 

production 

SPC / 6 sigma 

or 100% 
VDA 1 / 5.4 

According to ISO/TS 16949 the organisation must identify the documents 
for the control of the production process, including drawings, FMEAs, 
production control plans and operating instructions. 

With regard to the FMEA the "Classification" column can be used – see 
Section 5. 

0 1 1 
Number of characteristics by category 

on the drawing 
 

Categories: 

s = safety-relevant 
h = Homologation-relevant 
 f = function-relevant 

s 

No. 
h 
No. 

f 
No. 

Characteristic 
Execution 

Point 
(who / where 
 

Type of 
Implementation 

(what) 
 

Requirements regarding 
Implementation 

(how / how many 
Zone Sheet 

cc/h1 Levelness Supplier 
Production 

 

Must meet 
tolerances 

SPC /  c pk = 1,67 
or 100% 

H21 1 

sc/f1E 
Diameter of 
part-circle 
 

100% gauge check to 
checking instructions 
  

F2 1 Supplier 
Production 

 

Must meet 
tolerances 
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4.6   Consequences 

The process used to determine special characteristics must be 
demonstrated. Associate documents must be stored – see Section 4.7: 
"Documentation and archiving". 

The following activities regarding special characteristics must be agreed on 
an inter-disciplinary basis: 

 The special characteristics relating to technical documentation are 
forwarded to the relevant production department 

 Special characteristics which have been identified in the technical 
documentation must be taken into account in all essential documents 
for controlling the production process 

 It must be specified how compliance with the special characteristics is 
to be demonstrated 

 Monitoring of the special characteristics must be specified 

 The traceability of products with special characteristics must be 
specified 

In the supply chain the customer must advise his suppliers of special 
characteristics and agree on the way they are to be monitored. 

The fact that the customer specifies special characteristics does not 
release the supplier from his own responsibility to identify special 
characteristics and to deliver conforming products. 

4.6.1  Recommended activities in product development 

 Product development – design layout (including, for example, 
emergency running, redundancies, operating and display concept) 

 Concept revision 

 Manufacturing feasibility study / analysis – stimulus for carrying out a 
detailed manufacturing feasibility study for this characteristic 

 Planning to cover tests and trials 

 Special attention to special characteristics in test/inspection planning 
and documentation as required in the prototype production control plan 
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4.6.2  Recommended activities in process development 

 Process development – the need to carry out trial manufacturing on a 
large scale must be checked and specified if required, together with 
recommended quantities 

 Manufacturing feasibility study / analysis – stimulus for carrying out a 
detailed manufacturing feasibility study for this characteristic 

 Provisional process capability study (VDA Volume 2: "Quality Assurance 
of Supplies " or additional customer agreements") 

 Particular consideration of special characteristics in the test/inspection 
planning and documentation, in pre-launch and production control plan 

 Proof of full production capability / suitability for product launch; special 
requirements covering long-term process capability (VDA Volume 2: " 

Quality Assurance of Supplies " or additional customer agreements") 
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4.7  Documentation and archiving  

The documentation includes, for example: 

 Technical documentation with drawings and other relevant 
documents, such as FMEAs, production control plan and work 
instructions 

 Test/inspection results and associated decisions 

 Process parameters 

 Demonstration/proof of test/inspection equipment calibrations 

 Special procedures for products with special characteristics 

The documents used to control production processes containing special 
characteristics must be specifically identified in accordance with ISO/TS 
16949. All departments involved must be advised of the special treatment 
which these require. 

When deciding on the periods for which the documents are to be used and 
archived, a differentiation must be made between documents stating 
requirements and quality records. 

 

Requirements documents 

The period of use begins with the release and ends when the document is 
rendered invalid - for example because of a change (new version) or the 
expiry of a set period (a deviation approval), or the end of production of the 
product / process - see VDA volume 1, "Documentation and archiving ". 

The archiving period begins when the document is rendered invalid, in 
accordance with the quality management system requirements for 
controlling documents and data (e.g., appropriate identification). 

Examples of requirements documents relating to special characteristics 
include: 

 Regulations for dealing with safety-relevant screwed connections 

 Production control plans 

 Regulations covering process qualification – e.g., process capability, 
suitability of test/inspection processes 

 … 
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Quality records 

The period of use depends on the type of use and begins when the quality 
record is created – for example, the documentation of a test result, a 
completed process control chart, a process capability certificate, or an 
initial sample inspection report. The records must not be modified once 
they have been completed – see also VDA volume 1, "Documentation and 
Archiving", Section 4.2 "Composition of documents". The archiving period 
begins from this point. 

A further use of records is normal here – e.g., for analysis purposes. 

Examples of quality records (certification documents) with relevance to 
special characteristics: 

 Product test/inspection results for special characteristics 

 Proof of process capability, including quality control charts 

 Certification of the suitability of test/inspection processes 

 … 

Archiving period 

The archiving period for requirement documents and quality records is as 
stated in VDA volume 1, "Documentation and Archiving", figs. 5-1 and 5-2. 
Here a minimum period of 15 years is recommended for critical 
characteristics (cc/h and cc/s). Quality records for components with 
function-related significant characteristics (sc/f) must normally be kept for 3 
years. In addition, consideration must be given to customer-specific 
requirements or other stipulations.  
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5  Inter-action with the FMEA 

In the FMEA special characteristics can be: 

 identified, documented and tracked for implementation 

 documented after they have been specified by other procedures (to 
meet the requirements of ISO/TS 16949 and / or for special 
consideration when carrying out the analysis of actions in the FMEA) 

The special characteristics can be shown in the FMEA: 

 using the "Classification" column (see VDA volume 5, section entitled 
"Product and Process FMEA"  

 by identifying the relevant functions / characteristics in the function 
network  

 or at the relevant possible failure points in the failure network  

 in the form of actions or  

 by some other appropriate means 

It should also be possible to detect the origin and reason for the special 
characteristic. 

An assessment of the severity as 9 or 10 does not automatically result in 
an sc/f or cc/h or cc/s. 
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A Appendix 

Abbreviations used in this document 

cc/h Critical characteristic based on homologation 

cc/s Critical characteristic based on safety 

DIN Deutsche Industrie Norm (German industrial standard) 

EN European standard 

ETA Event Tree Analysis 

FMEA Failure Mode and Effects Analysis 

FTA Fault Tree Analysis 

ISO International Standardization Organization 

OEM Original equipment manufacturer 

OHSAS Occupational Health and Safety Advisory Services 

ML  Maturity level 

MLA Maturity level assurance 

sc/f Significant characteristic based on function 

VA Value analysis 

VE Value engineering 

 
Other examples 

DMR Diameter    in Appendix A5 

ECU Electronic control unit  in Appendix A6 

EPB Electronic parking brake   in Appendix A6 
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Examples 

The following examples illustrate practical use in different degrees. The 
methodical procedure is shown in each case. 

The examples have been provided by various VDA member companies 
and make no claim to comprehensiveness in terms of their contents. No 
guarantee of any kind applies in any case. 

A.1 Example :  Fuel tank vent 

 

A.2 Example : Light sensor 

 

A.3 Example : Headlights 

 

A.4 Example : Input shaft to steering system 

 

A.5 Example : Steering wheel interlock 

 

A.6 Example : Electric parking brake 

 

A.7 Example : Electronic control unit earthing cable 

 

A.8 Example : Sliding roof drive motor 
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 A.4     Example : Input shaft to a steering system 

 

 

 
Steering system assembly 
 

 

 
Zoom view on the input shaft 

Bearing peg  
roughness level 

Rz 6.3 

Gearing roughness level 
Rz 12 

Input shaft 

Diameter of designed 
break point 

D = 13.1 ± 0.1 mm 
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A.4.1  Description of the development process sequence 

A.4.1.1 Requirements regarding the concept  

The concepts and functions at vehicle 
level, experience from previous projects 
and relevant functions, together with  
requirements relating to safety, security, 
homologation and function are examined 
for possible special characteristics. 

In the case of the input shaft to a steering gear, the customer has specified 
as a critical safety characteristic (cc/s) the hardness of the bearing seat, 
which must be 650HV +110HV1. 

The system layout, requirements specification, risk analysis and safety 
requirements reveal no further relevant requirements and functions relating 
to safety, homologation and function. 

A.4.1.2 Concept filter 

The critical safety characteristic   
(cc/s) specified by the customer,  
that thehardness of the bearing  
seat must be 650HV+110HV1,  
is taken forward as a relevant  
safety characteristic without  
passing through the concept filter. 

The concept is examined.  
Risks are detected for the 
diameter of the designed  
break point, the roughness 
of the bearing peg and the roughness of the gearing. These cannot be 
changed by a change in concept and are considered further as being 
relevant. These fixed characteristics are allocated to the relevant 
requirements and functions for safety, homologation and function. They 
then go forward for further examination in terms of the design. 

Other requirements and functions which have been secured by the concept 
have been confirmed by trials and tests and are not considered further as 
relevant regarding special and critical characteristics. 

The trials and tests are described in instruction ref. V18/05. The results are 
documented.   

  

System layout 
Requirements specification 

Risk analysis 
Safety requirements 

  

Speci- 
fied 
special 
charac- 
teristic 

Yes   
Functions and 

requirements not 
involving special 

characteristic 

  

N
o

N
o

 

ML2 

Specifying the supply chain  
and placing the order 

  

ML0 

ML1 

Innovation release for full 

production development 

Requirements mgmt. for 
the contract to be issued 

System layout 
Requirements specification 

Risk analysis 

Concept, requirements & functions at vehicle level, 
experience from previous projects,  

safety requirements, homologation-relevant,  
legal and public authority regulations,  

customer requirements 

  

  

Yes 

  

  
Relevant functions, requirements and 

characteristics for  
Safety, registration and function 

 

 Concept  
change 

ML1 

Requirements mgmt. for  

the contract to be issued 

Concept validated? 

Concept change 
possible? 

  

Concept filter  
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N
e
in

 

Yes           Design validated? 

      Design change     

possible? 

Design 
change 

  
 

Technical documentation inc. 
 specified characteristic 

        Design filter 

ML 3 

No special charac-
teristic as validation 
is documented by 

robust design   

- 

Spec- 
ified 
special 
charac- 
teristic 
 

Release of technical 
specifications 

  
 N

o
 

Prototype CP 

Detailed description, performance 
specification, experience from 

 previous projects, design layout 
simulation, trials, 

assessment, verification 
 

Yes 

A change to the concept is considered, to take account of the 
requirements, functions and characteristics not secured by the existing 
concept. If the modified concept does not achieve the necessary level of 
assurance, these requirements, functions and characteristics are examined 
further at the design level.  

A.4.1.3 Requirements regarding the design 

The characteristics which have been identified are set out in detail.  

Relevant for homologation are:  

 the diameter of the  
designed break point:  
Dspec = 13.1 ± 0.1 mm 

 the roughness of the  
bearing peg: Rz = 6.3 

Relevant for function is: 

 the gearing roughness level Rz = 12 

These identified requirements, functions and characteristics are taken into 
consideration when drawing up the performance specification and 
preparing the layout in the development phase. 

A.4.1.4 Design filter 

The design layout of the 
designed break point is 
examined in Trial V18/09.  

The trial confirms that the 
diameter of the designed 
break point Dspec = 13.1 ± 
0.1 mm is a robust design. 

The results of the trial are 
filed in the "NF9 steering 
gear" file. =>Ikone 

The design diameter is secure and does not represent a special 
characteristic.  

No further requirements, functions and characteristics representing special 
characteristics are noted in the development. 

In the technical documentation covering the development the following 
special characteristics are specified and forwarded to the production 
planning department. 

Specifying the supply chain  
and placing the order  

ML2 

 

 
Relevant functions, requirements and 

characteristics for  
Safety, registration and function 

Detailed description; performance 

specification; experience from 

previous projects; design layout; 

covering simulation; trials;  

assessment; verification  

 Prototype CP 
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Safety-relevant special characteristic 

 cc/s: Hardness of the bearing seat 650HV+110HV1. 

Homologation-relevant special characteristic: 

 cc/h: Surface roughness of the bearing peg Rz = 6,3 

Function-relevant special characteristic: 

 sc/f: Gearing roughness level Rz = 12 

Once specified, these special characteristics are included in the prototype 
control plan. 
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 Release of technical 
specifications 

  

 

ML3 

 
 

 Pre-launch CP 
Manufacturing feasibility study  

and testability analysis; risk 
analysis; production planning;  

test concept 

 
 Pre-launch CP 

Technical documentation inc.  
specified special characteristic 

A.4.2  Description of the production process sequence  
 

A.4.2.1 Requirements regarding production planning 

 

 

 
 

 

 

 

 
These special characteristics are: 

Safety-relevant: 

 cc/s: Hardness of the bearing seat 650HV+110HV1. 

Homologation-relevant: 

 cc/h: Surface roughness of the bearing peg Rz = 6,3 

Function-relevant: 

 sc/f: Gearing roughness level Rz = 12 

These and all other special characteristics are verified within the framework 
of the manufacturing feasibility analysis and testability, risk analysis, 
production planning, test/inspection concept and the design review. Checks 
must also be made to determine whether test/inspection specifications 
contain product characteristics and any requirements regarding process 
parameters. 

A.4.2.2 Production planning filter 

 

 

 

 

 

 

 

 

The special characteristics 
forwarded from the techni-
cal documentation in the 
development phase and 
specified for consideration 
at the production planning 
stage are processed 
further and included in the 
production control plan for 
the pre-production phase. 

The special cc/s safety charac-
teristic specified by the customer 
for the hardness of the bearing 
seat (650HV+110HV1) does not 
pass through the production 
planning filter. Instead, it is for-
warded as a special safety 
characteristic. 
The other information gained 
flows into the production plan-
ning filter in order to identify the 
special characteristics.  
 

 
 

Manufacturing feasibility study  
and testability analysis; risk 

analysis; production planning;  

test concept 

 

 

 
Yes  

 
Production concept validated? 

  

 Production concept 
change possible? 

 

 

 

Yes 

 

  

 
Production- 

concept  
change 

 
 

Production planning filter 

 
Special characteristic to be  
validated by process layout    

 

N
o
 

Special  
characteristic not 
tracked further as 

validation is 
documented  

by robust concept 

Speci- 
fied 
demon- 
stration of 
special 
charac- 
teristic 
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The purpose of the production planning filter is to clarify whether the 
production concept is secure. The homologation-related special 
characteristic cc/h (the surface roughness of the bearing peg Rz = 6,3) is 
secured by the design of the tool. This characteristic is therefore no longer 
included as a special characteristic in the production process. 

Proof of security is demonstrated and is documented in the production 
planning papers.  

The function-relevant special characteristic sc/f (gearing roughness level 
Rz = 12) cannot be secured by the production concept.  

A change to the production concept does not result in a secure product. 
This special characteristic is therefore included in the production process 
filter and in the production control plan for pre-production. 

A.4.2.3 Requirements regarding the production process filter 

 

 

 

 

A.4.2.4 Production process filter 

The special cc/s safety 
characteristic specified 
by the customer for the 
hardness of the bearing 
seat (650HV+110HV1)  
does not pass through  
the production process 
filter. Instead, it is for- 
warded as a special  
safety characteristic. 
 
The function-relevant 
special characteristic 
sc/f (gearing roughness 
level Rz = 12) can be 
secured in the process, based on lessons learned from a previous project. 

The  actions  taken to  validate the 
production  planning  and   test/ 
inspection planning do not reveal 
any further  special  characteristics. 
  

The relevant requirements, functions 
and characteristics which have been 
identified are set out in more detail. 
 

 

 
Special characteristic to be  
validated by process layout  

 

   Validation of 
production concept, 

test/inspection planning 
ML4 

Completion of 

Production planning 

 

 Yes 

  

  

  
Lessons 
learned 

  

  Special characteristic 
requiring 

process control 
  

  Production CP 

  
Special  

characteristic not 
tracked further as 

validation is 
documented  

by robust process 

  N
O
 

  

  Validation of 
production concept, 

test/inspection planning 
     

Speci- 
fied 
demon- 
stration 
special 
charac- 
teristic 

  

 Production process  
change possible? 

 

 Production process validated? 

Production process filter 

  

 
Yes 

  
Production- 

process 
change 

  

ML4 

Completion of 
Production planning  

 

Parts of production tools and  
production facilities are available 

ML5 

ML6 

Process and 
product approval 
  

ML7 

Project completion, transfer of 
responsibilities to Production. 

Start requalification 
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This robust process is documented in the production description, with proof 
of capable production. No consideration is given to a change in the 
production process.  The special characteristic is secured by the production 
process.  
  
Because it is now secure, the special characteristic is not incorporated in 
the production control plan for full production. 

A.4.3  Result 

The safety-relevant special characteristic cc/s specified by the customer 
(hardness of the bearing seat 650HV+110HV1) by-passes all the filters and 
is carried forward to the production control plan for full production. It must 
be taken into account in the manufacturing process and covered by 
documentation.  

The homologation-relevant special characteristic cc/h (roughness of the 
bearing peg Rz = 6,3) was secured by the production concept and is not 
included as a special characteristic in the manufacturing process. The fact 
that it has been secured by the production concept is documented. 

The function-relevant special characteristic sc/f (gearing roughness level 
Rz = 12) is secured in the production process by a robust process. 
Experience from previous projects is available here. 

In total, on safety-relevant special characteristic is carried over into the 
production control plan for full production. The special characteristics 
relating to homologation and function have been secured and are not 
included in the production control plan.  
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A.5     Example: Special characteristics for a steering wheel interlock 
 

 
 
 
 
 
 
 
 
 
 
 
 

A.5.1        Process stages for the OEM : ML0 and ML1 

A.5.1.1 Determining the functions at vehicle level 

 

A.5.1.2 Identifying and describing functions relevant to  
  special characteristics, based on external and  
  internal requirements at vehicle level 

 
 
 

Vehicle 
    
     
    
     
    
    
    
     
     

Transport the passengers from A to B under the control of the driver 
Protect the passengers from injury 
Protect all persons involved from serious injury in an accident situation 
Protect passengers from environmental influences 
Protect the vehicle against theft 
Comply with noise requirements 
Minimize vehicle operating costs 
...... 
 
 
 

Vehicle 
    

    
     
     
     
     
     
    

    Transport the passengers from A to B under the control of the driver 
s_ Protect the passengers from injury 
s_ Protect all persons involved from serious injury in an accident situation 

         Protect passengers from environmental influences 
h_ Protect the vehicle against theft 

         Comply with noise requirements 
f_ Minimize vehicle operating costs 

    .....     
 

 

 

System layout 
Requirements specification 

Risk analysis 
Safety requirements 

Concept, requirements & functions at vehicle level, 
experience from previous projects,  

safety requirements, homologation-relevant,  
legal and public authority regulations,  

customer requirements 

ML0 

ML1 

Innovation release for full  
production  development 

Requirements mgmt. for  
the contract to be issued 



Dokument wurde bereitgestellt vom 

VDA-QMC Internetportal am 24.04.2012 um 10:11

Nur zur internen Verwendung für Faurecia Autositze GmbH bestimmt.

49 
 

A.5.1.3 Breakdown of identifications for part-functions and 
  part-systems 

 

 
Identification of requirements relating to homologation at part-system level:  
The steering system must be uniquely identified for traceability 
 
 
 
 
 
 
 
 
 

 
                                                                                                                                                                              ..... 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Vehicle 
h_Protect vehicle against  
     theft 

Steering system 
h_Prevent steering wheel movement 
    with key removed 

Steering wheel interlock 
h_Engage steering column in locked 
     key position 

    

    

    

    

    

    

    

    

Brake system 

Steering system 

s_Slow the vehicle as desired by the driver 
s_Slow the vehicle as desired by the system 
Comply with noise requirements for the brake system 
..... 

 

Enable the vehicle to be steered 
h_Prevent steering movement with key removed 
f_Minimize repair costs (insurance classification) 
Comply with noise requirements for the steering function 
h_Public authority requirement: steering system must be 
uniquely identified for traceability 

 

 

Transport the passengers from A to B under the control of the driver 
s_Protect the passengers from injury 
s_Protect all persons involved from serious injury in an 
     accident situation 
Protect passengers from environmental influences 
h_Protect vehicle against theft 
Comply with noise requirements 
f_Minimize vehicle operating costs 
    ..... 
    ..... 

 

Vehicle 

Steering column 
   H_Steeri 

 
H_Steeri 

Steering wheel 

Steering wheel inrt 

Steering gear 
..... 
 

  H_Steeri 
  Steering i 
  Noise req 
  Steering c 

Steering system 

Enable the vehicle to be steered 
h_Prevent steering movement with key removed 
f_Minimize repair costs (insurance classification) 
Comply with noise requirements for the steering function 
h_Public authority requirement: steering system must be uniquely identified for traceability 

 

h_steering system must be uniquely identified for traceability 

 

Steering wheel 

Steering wheel interlock 
  h_Engage steering column in locked 
  Steering column in key position release openly and safely 
  Comply with noise requirements for the steering wheel  interlock 
  Steering column protect against damage from misuse  

 Steering gear 
….. 

lilty 

….. 

em 

Brake system 
   s_Slow the vehicle as desired by the driver 
   s_Slow the vehicle as desired by the system 
   Comply with noise requirements for the brake system 
..  

….. 

….. 
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A.5.1.4 Identifying and classifying functions relevant to special  
  characteristics, based on a risk analysis 

 
The chain of defects is assessed as safety-relevant and this causes the function 
"Transport the passengers from A to B under the control of the driver" to be 
classified at vehicle level with S_ as a function for which a special characteristic is 
relevant.  
The classification is then broken down into part-functions and part-systems. 
 
 

A.5.1.5 Deriving special characteristics by the OEM 
 
A characteristic can be specified on the basis of an homologation  
requirement at part-system level:  

The steering system must be uniquely identified for traceability  
    => BM Z1 
If the steering wheel interlock is subjected to misuse forces, a "hard" 
interlock (a latching peg, for example) can damage the steering column, 
perhaps resulting in high repair costs. For this reason the hardness of 
the interlock component is determined as sc/f1. 

 

A.5.1.6 Transferring the information from the OEM to the  
  steering system supplier (for example, in the  
  development requirements specification) 
 

Steering wheel interlock functions for which special characteristics 
are relevant: 
h_lock the steering column with the key in the "closed" position 
s_guarantee release of the steering column with the key in the  
   "open" position 
f_protect the steering column from damage in the event of misuse 
 
Special characteristics relating to the steering wheel interlock: 
Hardness of the interlock component: sc/f1_material hardness 268HB 
 
Special characteristics relating to the steering column: 
The steering column must be uniquely identified for traceability cc/zZ1 
 

Steering system 
Enable the vehicle to be 
steered Impossible to steer the vehicle 

Steering wheel interlock 
Release the steering column with the key  
in the "open" position 
 
 
Steering column blocked with key in the  
"open" position 

Vehicle 
Transport the passengers from A to B  
under the control of the driver  
Controllability of vehicle performance  
significantly restricted 
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A.5.2  Process stages at Tier 1 level (ML1) 
 

 

 
 

 
 

 

A.5.2.1 Taking s, h and f characteristics to the part-functions 
   (concept level) 
 

The steering wheel interlock concept: 
 

 

 

Steering column tube Steering column tube 

Latch unit Latch unit 

Locking unit Locking unit 

Housing Housing 

Gear Gear 

Motor with 

pinion 

Motor with 

pinion 

Controler 

PCB 

Controler 

PCB 

Steering 

column 

Steering 

column 

Yes 

 
Functions and 

requirements not 
involving special 

characteristic 

  

ML2 

Specifying the supply chain  
and placing the order  

  

 

N
o

 

 
Concept validated? 

Concept change 
possible? 

 

Concept filter 

 

 
Relevant functions, requirements and 

characteristics for  

Safety, registration and function 

 

System layout 
Requirements specification 

Risk analysis 
Safety requirements 

 

 
Concept  
change 

ML1 

Requirements mgmt. for 
the contract to be issued 
 

 

 

Yes 

Speci- 

fied 
special 
charac- 
teristic 

Yes 
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System structure of the steering wheel interlock: 

 
 

 

Function network in the steering wheel interlock system: 

 
 

Steering wheel 
interlock 

Steering 
column 
tubeLatching unit 

Latch 

Latch spring 

End-stop damper in steering 
column tube Steering column 
tube cover 

Drive unit 

Housing (left) 

Housing (right) 

Motor with 
pinion Gear 

Setting 
unit Controller PCB 

Steering wheel interlock 
characteristics 

Steering wheel interlock 

s_release steering column in key "open" 
position 

  

Steering column tube 
s_provide rotating bearing point for latching unit 

 Steering column tube 
s_fix and position the drive unit 

 Latch 
s_release steering column in unlatched position 
 

Housing (right) 

 s_ provide bearing for setting unit with housing (left) 
 

Housing (right) 
s_ provide bearing for bolt with adjustment in x-plane 

Gear 

s_ transfer torque from motor to trigger with def. translation  

 
Trigger 
s_ convert torque from gear into axial movement of bolt 

 
Bolt 
s_ move latch in accordance with trigger movement 
 

Housing (right) 
s_provide bearing for gear 

Steering wheel interlock characteristics 
s_gap between released latch and steering column = 3 mm  
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A.5.2.2 Risk analysis at concept level 
 

 
 

Following recognition of the risk in the controller PCB (motor incorrectly 
supplied with current) the concept was expanded by a function at system 
level, which secures against the risk.  
New:  s_secure the latched positions.  
This action removes the PCB functions from the concept filter and need not 
be considered further with regard to special characteristics! 

Steering wheel interlock 
h_lock steering column with key in  
"closed" position 

Steering column 
tube 

 

s_h_provide rotating bearing point for 
latching unit 

 
Steering column tube 

 s_h_fix and position the drive unit 

 Housing (right) 

 s_h_ provide bearing for setting unit with housing 
(left)  

Housing (right) 

 s_h_ provide bearing for bolt with adjustment in x-
plane Gear 
s_h_ transfer torque from motor to trigger with def. 
translation  
Trigger 
s_h_ convert torque from gear into axial movement of 
bolt  
Set spring 
h_provide tension between gear and trigger 

 
Bolt 
s_h_ move latch in accordance with trigger movement 
-  
Housing (right) 

 s_h_provide bearing for gear 

Steering wheel interlock characteristics 
h_Overlap between latched bolt and steering column 
>= 5 mm  
   
 

Steering wheel interlock 

f_protect steering column from damage   

In case of 
misuse 

Latch 

f_ ensure definite shear without damage to steering column 

in case of misuse 

Controller PCB 
s_h_provide current based on control 
signals from vehicle ECU 
Motor incorrectly supplied with current 

 
 

Steering wheel interlock 
s_ensure steering column is released 
with key in the "open" position 
Steering column is blocked with the  
key in the "open" position 

Steering wheel interlock 
h_lock the steering column with 
the key in the "closed" position 
Steering column not locked with 
key in the "closed" position 
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   Prototype CP 

 

 
 

 

A.5.3 Process stages at Tier 1 level (ML2 and ML3) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

A.5.3.1 Taking s , h and f functions to the design characteristics 
 level and adopting the specified characteristic for the 
 interlock characteristic for the interlock component (latch):  
 Special characteristic f1 E_material hardness 268HB 
 

 
 

Steering column tube Steering column tube 

Latch unit Latch unit 

Locking unit Locking unit 

Housing Housing 

Gear Gear 

Motor with 

pinion 
Motor with 

pinion 

Controler 

PCB 

Controler 

PCB 

Securing system Securing system 

N
o
 

Release of technical 
specifications 

  

ML3 
 Technical documentation inc.  

specified special characteristic 

 
Design validated? 

 
Design change 

possible? 
 

Design filter 

  Speci- 
fied 
special 
charac- 
teristic 

 

Detailed description; performance 

specification; experience from previous 

projects; design layout; simulation; trials;  

assessment; verification  

 
Design  

change 

Yes 

No special charac-
teristic as validation 

by robust design  
is documented 

 Yes 
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A.5.3.2 Carrying out the design filter: 
The characteristic cc/h is shown in the development stage 
to be robust against process fluctuations (DoE trials). 
Certification is described in the technical documentation 
covering the development and the characteristic is then 
eliminated. 

Steering wheel interlockg 

 

Latch 
 

Latch characteristic 
Sc/f1 E_material hardness <= 268 HB  f_ensure definite shear  without damage to 

steering column in case of misuse 
f_protect the steering column from damage 
in case of misuse 
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A.5.3.3 Including the sc/cc in the technical documentation: 
  The characteristics of the chain of dimensions covering the 
  gap between the unlatched bolt and the steering column  
  are not considered as separate items. Instead, the   
  complete dimensional chain is considered as a single cc/s 
  characteristic. This is documented in the assembly drawing 
  (s1). 

 

s1: Gap between released latch and steering column   
[steering wheel interlock] >=3 mm  

 
All other dimensions are identified as individual dimensions in the 
component drawing:  
 
s2: control dimension for positioning peg = DMR 2.6 mm + 0.1  
[left-hand housing] 
s3: control dimension for positioning hole = DMR 2.6 mm - 0,1 
[right-hand housing] 
s4: coaxiality of bearing point diameter with housing = 0.08 [gear] 
f1 E: Material hardness [barrier latch]= 268 HB 
 
 
 

 

 

 

 

 

 

 

 

Steering wheel interlock characteristics 
s_gap between released latch and steering  

column >=3 mm  

Latch characteristic 
s_width= 24 mm ± 0.1 
Bolt characteristics 
s_h_length = 50 mm + 0.1 
Trigger characteristics 
s_h_length= 12 mm ±0.1 
Gear characteristics 
s_h_length= 7 mm ±0.1 
Characteristics of housing (left) 
s_h_length= 80 mm ±0.2 
Characteristics of housing (right) 
s_h_length= 80 mm ±0.2 
Characteristics of steering column tube 
s_h_length of housing positioning= 80 mm ±0.2 
Characteristics of steering column tube 
s_z_gap between upper housing position and bearing  
for latch = 13 mm ±0.05 
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A.5.4 Process stages at OEM and Tier 1 level (ML3) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

A.5.4.1 Deriving special characteristics on the basis of the OEM's 
 Process FMEA 

 
Compliance with delivery times is identified as a "function" which is relevant 
in terms of special characteristics. 
 

 

 

Install steering system 
     

s_enable vehicle to be steered 
     

h_prevent steering movement with key removed 
     

f_minimize repair costs (insurance classification) 
     

Meet noise requirements for steering function 
     

f_comply with delivery times (JIT) 
        

Delivery times (JIT) not met 

    Install steering column in the vehicle . ... 
... 

Fit steering wheel interlock to the steering column 
     

h_lock the steering column in "key closed" position 
     

s_release steering column in "key open" position 
     

Meet noise requirements for steering wheel interlock 
     

f_protect steering column from damage in case of misuse 
     

s_ensure interlock positions 
     

f_ensure economic assembly 
        

Excessive assembly work 

Assembly operators 
     

s_h_disengage steering wheel interlock from "ready" position 
     

s_h_position steering wheel interlock on steering column 
     

s_h_fix steering wheel interlock to bodywork 
Steering wheel interlock 
     

f_ensure peg is in the "open" position 
        

Peg position not open 
Torque screwdriver 
     

.... 
Steering column 
     

... 
.... 

Install steering gear in the vehicle .... 
..... 

.... 

     Preventive action 
 

R/DL Status 

The latch position when 
received is recorded as  
a special characteristic 
sc/f2 in the assembly  
drawing 
 

Meier, 23.02.2011 
unprocessed 
  

  

Action status - Start: 15.Jan.2011 

 Process  F M E A 
Number: 1.2 

Page:  
Type / Model / Production / Batch: 
Steering system assembly 

Work-process number: 
L2  
Action level: 

 

Responsible: 
xxx 

Company: 
xxx 

Issued: 15.01.2011 

FMEA / System element: 
Assembly the steering wheel interlock to 

the steering column 

Responsible: 
xxx 

Company: 
xxx 

Issued: 15.01.2011 

Modified: 02.09.2010 

Effects of failure S Failure C Cause of failure O D  RPN
Z System element: Assemble the steering wheel interlock to the steering column 

Function: f_ensure efficient assembly 

[Assembly of 
steering system] 
JIT deliveries not 
maintained 

7 Extra effort needed 
for assembly 

F 

 
1 (7) Müller, 

Meier 
 
23.02.2011 - 
23.03. 2011 
 
unprocessed 

1 Assembly template is 
provided at sampling 
location 
 

Müller 
 
23.Mar.2011 

  

Work-process number: 
L222 
Action level: 

        Detection action 

 

[Steering wheel 
interlock] 

Latch position 
not open 
 

   

  
 

 

  

 
Speci- 
fied 
demon- 
stration 
special 
charac- 
teristic 

 

Manufacturing feasibility study  
and testability analysis; risk 

analysis; production planning;  

test concept 

 

 

 

 
Yes 

 

 Production concept validated? 

  

 Production concept 

change possible? 

 

 

 

Yes 

 

  

 
Production- 

concept  
change 

 
 

Production planning filter 

 
Special characteristic to be  
validated by process layout    

N
o
 

Special charac-
teristic not tracked 

further as validation 
is documented  

by robust concept 

 Pre-launch CP 
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Manufacture of the controller PCB 
    f_Robust function over product life 
        Inadequate robustness over 

product life 

Reflow soldering process 
    

f_conducting links between 
   components and PCB 

        

 Solder contacts not fully formed. 

  Components on PCB are damaged 

    

        
Operator at 
reflow soldering machine 

    f_solder melt temperature = 230°C ± 10° 

         Solder temperature < 220°C 
         Solder temperature > 240°C 
Solder paste 
…….. 
 

        

 

Assembly step yyyy 

... 

..... 

Assembly step xxxx 
... 

..... 

The latch position when received" is recorded in the assembly 
drawing as an action from the Process FMEA (sc/f2) and forwarded to 
the supplier. 
sc/f2: Latch position when received [steering wheel interlock] = open 
 
 

A.5.4.2 Carrying out the production planning filter by the Tier 1 
 supplier 
 
The characteristic s4: coaxiality of the bearing point diameter with the 
housing = 0.08 [gear] is eliminated because the two diameters are 
produced when gripped in a machine and therefore, as a concept, no error 
can occur in terms of coaxiality. The machine capability is demonstrated 
and documented.  

 
A.5.5 Process stages at Tier 1 and Tier "n" levels 

 

 

 

 

 

 

 

 

 

 

 

 

A.5.5.1 Deriving special characteristics on the basis of the  
 Process FMEA by the Tier 2 (n) supplier 

Process-related robustness over the product life is identified and a 
"function" which is relevant in terms of special characteristics. 
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The "solder melt temperature" is documented in the production 
control plan as an action from the Process FMEA. 
f1: solder melt temperature [reflow soldering machine]  
      = 230°C ± 10° 

 

 

Production control plan of the Tier 2 supplier: 
 

Parts/ 
Process 

No. 

Process 
title / 

description 
of 

operation 

Machine, 
device, rig, 
production 

tool 

Characteristics Classific- 
ation of 
special 

character- 
istics 

Methods Reaction 
plan 

No. Product Process Product/ 
process 

specification/ 
tolerances 

Test 
system 

used 

Random sample Control 
method 

Sample 
size 

Frequency 

7 
Reflow 

soldering 
process 

Reflow 
soldering 
machine 

sc/f1 

Transfer 
resistance 

of the 
soldered 

connection 

Solder 
melt 

temper-
ature 

sc/f 
230° C 
+ 10° 

 

Temperature 
measure- 

ment 
sensor 
TS12_f 

3 
All 

heating 
cycles 

Test 
document 

PD18 

Quarantine 
the 

soldering 
process. 

Inform the 
supervisor 

 

 

 

 

 

 

 

 

 

 

 

Process  F M E A  
Number: 1.2 

Page:  

Type / Model / Production / Batch: 

Manufacture controller PCB 

 
 

Work process number: 

rr 

Action level: 

Responsible: 

Company: 

Tier 2  

Issued: 14 Mar.2011 

FMEA / System element: 
Reflow soldering process 

Work process number: 

rr 

Action level: 

Responsible: 

Company: 

Tier 2  

Issued: 14.Mar.2011 

Modified:  02.Sept.2010 

Effects of failure S Failure C Cause of failure      Preventive action O      Detection action D RPN R/DL Status 

System element: Reflow soldering process 

Function: f_provide electrically conducting links between components and PCB 

[Manufacture  

controller PCB] 
Inadequate robustness 
over product life 

 

8 Solder contacts not fully 
formed 

F [Reflow soldering 

 
Machine]. Solder 

 
temperature <220°C 

Action status - Start: 14.Mar.2011 

Solder temperature is  

 
Identified as sc/f1. 

Meier 

26.Mar.2011 
unprocessed 

If temperature is not 
correct, soldering process 

is stopped by machine 
controls with error message 

 Becker 

28.04.2011 
unprocessed 

1 

31.Mar.2011 

unprocessed 

2 (20) Becker, 
Meier, 
Schmidt 

26.Mar.2011 -  
28.Apr.2011 

unprocessed 

8 Early damage to  
components on PCB 

F [Reflow soldering 

 
Machine]. Solder 

 temperature > 240°C 

Action status - Start: 14.Mar.2011 

Solder temperature is  

 Identified as sc/f1 
Meier 

26.03.2011 
unprocessed 

Becker 

28.04.2011 
unprocessed 

1 

 
31.03.2011 

unprocessed 

2 (20) Becker, 
Meier, 

 26.Mat.2011 - 
 28.Apr.2011 

unprocessed 

Not a critical 
situation for the 
steering functions  
as these are blocked 
mechanically by  
ensuring the inter- 

lock positions. 

[Manufacture  

controller PCB] 
Inadequate robustness 
over product life 

 Not a critical 
situation for the 
steering functions  
as these are blocked 
mechanically by  
ensuring the inter- 
lock positions. 

If temperature is not 
correct, soldering process 

is stopped by machine 
controls with error message 
 

Temperature 
monitoring with PTC 
in the reflow soldering 
machine 
 
Schmidt 
 

 

Temperature 
monitoring with PTC 
in the reflow soldering 
machine 
  

Schmidt 
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A.5.5.2 Carrying out the production process filter at Tier 1 level 
 
The production process filter at Tier 1 level does not eliminate any further 
characteristic. The characteristics are included in the Tier 1 supplier's 
production control plan. 
 
The Tier 1 supplier's production control plan: 

Part /  
Process 

No. 

Process  

name/ 
description 

of work- 
process 

Machine, 
device,  

rig, 
production 

 tool 

Characteristics Special 
charac- 

terristics 
classify- 
cation 

Methods  

Reaction 
Plan  

No. 
 
Product 

 
Pro-
cess 

Product/ 
process 

specification/ 
tolerances 

 
Checking 
system 
used 

Sampling details  
Control 
method 

Size Frequency 

1 

 

Receive 
material 

Parts for 
latching 

bolt 

 

sc/f 

1E 

Material 
hardness 

 
 

sc/f 

 

<=268 HB 

Check mat'l 
specification 

MS8_L2 

 

100% 

 

Each  
batch 

Material 
docket 

M87 

Hold in quarantine 
stores until return 

to sender. 
Supervisor 

4 
Housing 

assembly 
Assembly 

area 
cc/s2 

Check 
dimension 

of  
positioning 

peg (left 
housing) 

 

 

 

cc/s 

 

= DMR  
2.6 mm 

+ 0.1 

 

Checking 
gauge 

PL317/g 

 

 

5 

 

1 x 
shift 

 

Control 
chart 
R38 

 

Measure back to 
last random 

sample. 
Supervisor 

4 
Housing 

assembly 

Assembly 

area 
cc/s3 

Check 
dimension 

of  

positioning 
peg (left 
housing) 

 

 

 

cc/s 

 

= DMR  
2.6 mm 

+ 0.1 

 

Checking 
gauge 

PL318/g 

 

 

5 

 

 

1 x 
shift 

 

Control 
chart 
R39 

 

Measure back to 
last random 

sample. 
Supervisor 

34 
Function 

test 
Test 

device 
cc/s1 

Gap  
between 
released 
latch & 

steering 
column 

(steering 
wheel 

interlock) 

 

 

 

 

 

cc/s 

 

 

 

 

>= 3 mm 

 

 

 

Test 
mandrel 
PD71/g 

 

 

 

 

100% 

 

 

 

Contin- 
uous 

 

 

 

Identify as scrap. 
Transport to 

quarantine store. 
Supervisor 

34 
Function 

test 
Test 

device 
sc/f 
2E 

Latch 
position 

when 
delivered 
(steering 

wheel 
interlock) 

 

 

 

sc/f 

 

 

= open 

 

 

 

100% 

 

 

Contin- 
uous 

 

 

 

Identify for rework. 
Supervisor 

 

 

Note: For illustration reasons this example does not show the process of determining 
special characteristics in its entirety. It makes no claim to completeness or the accuracy 
of the contents. 
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A.7     Example : Electronic control unit earthing cable 
 

 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Assembly drawing showing final assembly (sections) 
 

 

 

 

 

 

  M8 nut 
No. 013.0 

   

Item No. 045.0 Tightening torque 

M8 nut 20 ± 2 Nm 

 

          Cable 
       No. 014.0 

  M8 nut 
No. 013.0 

Assembly operation : Fitting the cable 

1)  Insert the ECU earthing cable on the threaded bolt, position the  
       M8 nut No. 013.0 on the threaded bolt and tighten it.  
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System layout 
Requirements specification 

Risk analysis 
Safety requirements 

Concept, requirements & functions at vehicle level, 
experience from previous projects,  

safety requirements, homologation-relevant,  
legal and public authority regulations,  

customer requirements 

ML0 

ML1 

Innovation release for full 
production  development 

Requirements mgmt. for 
the contract to be issued 

A.7.1      Description of the process sequence 

a) The development process sequence 
 

A.7.1.1   Requirements regarding the concept 

Firstly the relevant requirements  
and functions regarding the vehicle  
concept are examined, with experi- 
ence from previous projects. 

There are no customer requirements 
regarding the ECU which give rise to 
special characteristics. 

The system layout, requirements specifications and safety requirements 
form the basis for the risk analysis. This highlights out failure modes and 
their consequences. These results flow into the concept filter to enable a 
determination of relevant requirements, functions and characteristics. One 
of the important requirements is set out in the requirements specification 
and demands compliance with EMC (electromagnetic compatibility) limits. 

 

A.7.1.2 Concept filter 

The concept is examined.  
Compliance with the EMC  
requirements is assessed 
critically.  
The requirement cannot  
Be changed by a modi- 
fication of the concept.  
It is therefore regarded 
as a relevant homologation 
requirement and is carried 
forward to the design  
phase for further  
examination.  

Other functions and requirements which were secured at the concept 
phase have been confirmed by tests and are not forwarded to the design 
phase as relevant functions and requirements. The associated tests and 
their results are documented in the development report EB14-2010.  

 

 

Functions and 
requirements not 
involving special 

characteristic 

System layout 
Requirements specification 

Risk analysis 
Safety requirements 

Requirements mgmt. for  
the contract to be issued 

Specifying the supply chain  
and placing the order  

  

N
o
 

 

 

  
Yes 

  

 Concept validated? 

 Concept change 
possible? 

 
Concept  
change 

Concept filter 

ML1 

ML2 
Relevant functions, requirements and 

characteristics for  

Safety, registration and function 

   Speci- 

fied 
special 
charac- 
teristic 

   

  

  
  

 

 

 

Yes 
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N
o
 

 
Yes 

A.7.1.3 Requirements regarding the design 

 
The ECU is laid out in detail.  
Appropriate actions are speci- 
fied in the layout to ensure  
compliance with homologation 
requirements regarding out- 
ward radiation and resistance 
to inward radiation. 
Experience regarding EMC  
from previous projects is taken into account. 

Following measurements in the EMC laboratory, the layout, components 
and housing are optimized. The changes made are verified by further 
measurements with the ECU (test report PB-E 07/2010). 

Final confirmation that the EMC requirements are satisfied can be obtained 
only by later measurements in the target vehicle.  

A.7.1.4 Design filter 

Measurements in the EMC building with the ECU installed in the target 
vehicle indicate that all requirements can be met, provided there is a 
satisfactory ground connection to the vehicle. However, tests with an 
inadequate ground connection show that the limit figures are exceeded. 
  
The ground connection 
is therefore classified 
as a cc/h charac-
teristic. 
 
These tests also reveal 
that an inadequate 
ground connection also 
leads to safety-relevant 
functional failures of the 
ECU. It is therefore 
also classified as a 
cc/s characteristic. 

No further special characteristics were noted in the design phase. 

The ECU and earthing cable are pre-assembled by the supplier and 
delivered as a single unit to the customer. The earthing cable is installed by 
the OEM. The customer must be informed of these special characteristics. 

 

Specifying the supply chain  
and placing the order  

 

ML2 

 

 
Relevant functions, requirements and 

characteristics for  
Safety, registration and function 

Detailed description; performance 

specification; experience from 

previous projects; design layout; 

covering simulation; trials;  

assessment; verification  

Prototype CP 

 
    Prototype CP  

  Speci- 
fied 
special 
charac- 
teristic 

 
Design validated? 

 
Design change 

possible? 
 

Design filter 

Release of technical 
specifications 

  

ML3 
 Technical documentation inc.  

specified special characteristic 

 

Detailed description; performance 

specification; experience from previous 

projects; design layout; simulation; trials;  

assessment; verification  

 
Design  

change 

Yes 

No special charac-
teristic as validation 

by robust design  
is documented 
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In the customer documentation (drawing issued for quotations, technical 
customer documentation) the ground connection for the earthing cable is 
identified and classified with s and h. 

 
A.7.2  Consequences 

In discussions between the customer and the production planning 
department, as well as the customer's quality assurance department, 
agreement is reached on the tightening torque and test/checking measures 
(100% test/inspection).  

The customer includes the special characteristics, the associated data and 
the test/inspection measures in his control plan. 
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A.8   Example : Sliding roof drive motor 
 

 

 
 

                                        Design drawing (section) 
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A.8.1   Description of the process sequence  

a) The development process sequence 

 
A.8.1.1 Requirements regarding the concept 

Firstly the relevant requirements 
and functions regarding the vehicle 
concept are examined, with experience  
from previous projects. 

There are no customer requirements 
regarding the sliding roof drive motor 
which give rise to special characteristics. 

The system layout, requirements specifications and safety requirements 
form the basis for the risk analysis. This highlights failure modes and their 
consequences. These results flow into the concept filter to enable a 
determination of relevant requirements, functions and characteristics. One 
of the important requirements is set out in the requirements specification 
and demands compliance with the limit figures for the closing force of the 
sliding roof. 

A.8.1.2 Concept filter 

The  concept  is  examined.  
The  requirements  for  the 
closing force are analysed. 
These requirements cannot 
be changed by a modification 
to the concept.  

The closing force is examined 
further as a safety-relevant and 
homologation-relevant require- 
ment and is carried forward to 
the design phase for further  
examination. Because of American FMVSS traffic homologation regulations 
there is also an homologation relevance here.  

Other functions and requirements which were secured at the concept 
phase have been confirmed by tests and are not forwarded to the design 
phase as relevant functions and requirements. 
 
Proof of compliance is documented in test report EV32/SC/2009. 

System layout 
Requirements specification 

Risk analysis 
Safety requirements 

Concept, requirements & functions at vehicle level, 
experience from previous projects,  

safety requirements, homologation-relevant,  
legal and public authority regulations,  

customer requirements 

ML0 

ML1 

Innovation release for full 
production development 

Requirements mgmt. for  
the contract to be issued 

 

 

N
o
 

 

 

  
Yes 

  

 Concept validated? 

 Concept change 
possible? 

 
Concept  
change 

Concept filter 

ML1 

ML2 
Relevant functions, requirements and 

characteristics for  

Safety, registration and function 

   Speci- 

fied 
special 
charac- 
teristic 

   

  

  
  

 

 

 

  Yes 

 
Functions and 

requirements not 
involving special 

characteristic 

Requirements mgmt. for 
the contract to be issued 

Specifying the supply chain  
and placing the order  

  

System layout 
Requirements specification 

Risk analysis 
Safety requirements 
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N
o
 

 
Yes  

No special charac-
teristic as validation 

by robust design  
is documented 

A.8.1.3 Requirements regarding the design 

The functions and requirements 
Which have been identified are 
taken into account when drawing 
up the  performance specification 
and the design layout.  
 
 

The position of the ring magnet 
is identified as a safety-relevant characteristic because this has a crucial 
influence on the closing force. 

Closing force measurements on assembled samples are used to determine 
the optimum position of the ring magnet.  

 

A.8.1.4 Design filter  

In design discussions it 
determined that the position 
of the ring magnet cannot 
be secured by design 
measures alone. The SE 
team and the production 
department therefore agree 
that the position of the ring 
magnet must be classified 
as a cc/s  to be handled as 
a test dimension. 

 
No further special characteristics are determined in the design phase. 

The special characteristic is specified in the technical documentation of the 
development phase (in particular in the drawing – see the illustration on the 
first page of this example) and is forwarded to the technical documentation 
department for production planning.  

 

Specifying the supply chain  
and placing the order 

 

ML2 

 

 
Relevant functions, requirements and 

characteristics for  
Safety, registration and function 

Detailed description; performance 

specification; experience from 

previous projects; design layout; 

covering simulation; trials;  

assessment; verification  

Prototype CP 

 
   Prototype CP  

  Speci- 
fied 
special 
charac- 
teristic 

 
Design  

change 
 

Design validated? 
 

Design change 
possible? 

 

Design filter 

Release of technical 
specifications 

  

ML3 
 Technical documentation inc.  

specified special characteristic 

 

Detailed description; performance 

specification; experience from previous 

projects; design layout; simulation; trials;  

assessment; verification  

Yes 
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 Pre-launch CP 

Release of technical 
specifications 

  

 

ML3 
 

Manufacturing feasibility study  
and testability analysis; risk 

analysis; production planning;  

test concept 

Technical documentation inc.  
specified special characteristic 

A.8.2  Description of the production process sequence 

b) The production process sequence 

A.8.2.1 Requirements regarding production planning 

After special characteristics 
have been specified in the  
technical    documentation,  
they must be analysed within 
the framework of the manu- 
facturing feasibility and testability 
analysis, the risk analysis, production 
planning and the test/inspection concept. From this, the concept 
requirements for the production process are derived.  

The positioning of the ring magnet is analysed in the Process FMEA (see 
the following extract): 

   
 
 
 
 
 
 
 
 
 
The information which has been obtained flows into the production 
planning phase. 

A.8.2.2 Production planning filter 

  

Pre-launch CP 

Machine 
- Position the ring magnet 

 - Ring magnet is damaged on armature shaft 
         - No ring magnet fitted to armature shaft 
- <s> Ring magnet positioned too close to armature drive 
- <s> Ring magnet positioned too close to communicator 
incorrect ring magnet fitted to armature shaft (no. of poles/field strength) 
Press the ring magnet in position 
- Armature drive damaged as ring magnet is fitted 
- Armature drive deformed as ring magnet is fitted 
- Engagement head deformed as ring magnet is fitted 
- Two ring magnets fitted to armature shaft 

- Check the ring magnet 
- Ring magnet not checked 
- Defective ring magnet not detected 
 

 

The safety-relevant special 
characteristic (cc/s – ring  
magnet position) cannot be 
secured by the production 
concept alone. 
A change to the production 
concept will not result in security. 
This special characteristic is  
forwarded to the production  
process filter and the production  
control plan for pre-production. 
 

 
Speci- 
fied 
demon- 
stration 
special 
charac- 
teristic 

 

Manufacturing feasibility study  
and testability analysis; risk 

analysis; production planning;  

test concept 

 

 

 
Yes 

 
 Production concept validated? 

  

 Production concept 

change possible? 

 

 

 

Yes 

 

  

 
Production- 

concept  
change 

 
 

Production planning filter 

 
Special characteristic to be  
validated by process layout    

N
o
 

Special charac-

teristic not tracked 

further as validation 

is documented  

by robust concept 
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A.8.2.3 Input data for the production process filter 

When securing the production planning   
and the test/inspection planning, it may 
be seen that there are further special  
characteristics in the process. 

The special characteristics which have 
 been identified are examined further. 

 

A.8.2.4 Production process filter 
 
 

In the production process 
filter it is clarified whether 
or not the special charac-
teristic is secured by the 
production process.  

The special characteristic 
cannot be secured by the 
production process and it 
is not possible to modify 
the production process. 
Te special characteristic 
and the specified method 
of monitoring (random 
sample checks) are 
carried over into the 
production control plan for full production. 

 

 

 
 
 
 
 
 
 
 
 
 
 

Machine / 

Unit /  Tool / 
Test/inspection 
equipment 

Characteristics  

Identific- 
ation 

 

Maintenance  
plan 

 
 

Quarantine 

 

Prod. / process 
spec. tolerance 
(ref. document) 

 

Records 

 

Responsible / 
Test/inspection 
method  

        Process       Product 

JMP1A11 No.8 
force/travel 
monitoring 

Monitor fitment 
force 

   

   PMV 

 

   Yes 

   

100% automatic 

JMK500A11 
digital gauge 
Mitutoyo ID-F 

 Ring magnet 
fitment 
dimension 

      

     S 

 

   PMV 

   

EDS 

Every 8 hrs and 
when setting up. 
Machine operator / 
5 parts 

 

 

 
Special characteristic to be  
validated by process layout  

  

  Validation of 
production concept, 

test/inspection planning 
ML4 

Completion of 

Production planning 

 

  

  

  

  

  

  

  
Production process validated? 

  Production process  
change possible? 

  
ML6 

ML4 

  

Process and 
product approval 

 
Lessons 
learned 

  

Parts from production tools and 

production facilities are available 

ML5 

ML7 

Project completion. transfer of 
responsibilities to Production. 

Start requalification 
  

N
O
 

  

 Yes 

  

Production process filter 

  

  
Special characteristic 

requiring 

process control 

Completion of 
Production planning 

 Production- 
process 
change 

  

Validation of 
production concept, 

test/inspection planning 

  Production CP 

  
Special  

characteristic not 
tracked further as 

validation is 
documented  

by robust process  
Yes 

  
   
Speci- 
fied 
demon- 
stration 
special 
charac- 
teristic 
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