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1. Introduction  

1.1. Aims  

The FMEA (Failure Mode and Effects Analysis) is an analytical method of preventive quality 
management in product and process development.  

It is used to identify and evaluate risks in good time, and to propose and implement suitable 
actions with the aim of improving products or processes and avoiding failure costs (recalls, 
yield).  

The FMEA is applied in the knowledge that systematic analyses of potential failures and their 
documentation help to avoid failures [7]. The early and therefore preventive application of the 
FMEA helps to bring flawless products onto the market, thereby contributing to the safeguard-
ing of corporate success in the long term. 

The FMEA is an internationally recognized method of qualitative risk analysis [1], [2], [6]. At 
Bosch, it is enshrined in the product engineering process, and is used for the optimization of 
products and processes. Risk analysis requirements are described in ISO 9001 and ISO/TS 
16949 [15], among others. 

This document describes the Failure Mode and Effects Analysis (FMEA) as a method of quality 
management for risk analysis.  

The objective is to provide a description of the methodology and a guide for the uniform pro-
cedure of FMEA creation at Bosch [3], which takes various customer requirements concerning 
FMEA creation (incl. DIN EN 60812, VDA Volume 4 [2] or AIAG [1]) into consideration to a large 
extent. 

1.2. History  

The history of the development of the FMEA goes back over 60 years. The following milestones 
are important for the method: 

1949 First description of the method for the US military (MIL-P-1629) 
1955 Widespread use of the “Analysis of Potential Problems (APP)” by Kepner/Tregoe 
1963 Development and use by NASA (Apollo project) 
1965 Widespread use in the aviation and aerospace technology, food industry,  
 nuclear technology  
1977 Beginning of its use in the automotive industry 
1980 Standardization in Germany (DIN 25448) 
1986 Standardization for German car manufacturers and parts suppliers (VDA Volume 4) 
1993 Harmonization of FMEA guidelines of Chrysler, Ford and GM (“FMEA  
  Reference Manual”) and publication of US standard SAEJ1739 
1996 Description of an improved methodology by VDA  
2001 International standardization (IEC 60812) 
2006 3rd edition of VDA Volume 4, “Product and Process FMEA” 
2008 4th edition of “FMEA Reference Manual” (AIAG) 

1.3. Benefits 

The FMEA is a method of analyzing risks posed by individual failures (see also Chapter 3.3). In 
this process, the individual risks are prioritized so that focal points can be identified and suit-
able failure prevention actions determined. 
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The FMEA must be created alongside development/production planning as early as possible, to 
attain the greatest benefits. It is vital that the results can be incorporated in the product engi-
neering process, so that unnecessary repeats and delays can be avoided.  

The FMEA is created by an interdisciplinary team working together. 

Advantages of the FMEA are, for example: 

 Possible failures in products and processes are avoided. 

 The functional safety and reliability of products and processes is increased [7] [16]. 

 It assists the achievement of a robust design and stable, capable processes. 

 Subsequent product modifications are minimized and thereby costs reduced.  

 Internal and external failure costs are reduced. 

 Exoneration provided in claims for product liability. 

 Disturbances at the SOP are avoided. 

 Communication in the customer/supplier chain is optimized. 

 A knowledge base is built up in the company. 

 Coordination of information among those involved in the project from all areas (product 
and process experts, including responsible management) at an early stage. 

 Involved parties gain improved understanding of the system. 

In the application of the FMEA, the limits of the method must be borne in mind: 

 The FMEA is a method for analyzing individual failures (not an examination of failure com-
binations).  

 The FMEA is a qualitative, not a quantitative method. The results of the risk evaluation 
should be regarded as relative estimates, not as an absolute measure. For this reason, 
evaluations from different FMEA cannot be compared with one another. 

 Quantitative statements on the failure behavior of products cannot be made. 

Instead, the Fault Tree Analysis (FTA) [6] is suitable for investigating failure combinations and 
making quantitative statements on the failure behavior of products.  

1.4. Success factors 

The following success factors are critical for the quality of the FMEA:   

 Definition of aim and scope of the FMEA (contracting), 

 Team size and composition,  

 Good team spirit, 

 FMEA resources (personnel, infrastructure) must be available and included in project –
planning, 

 Knowledge of the FMEA method,  

 Qualified moderator, 

 Performance alongside development, so that findings and improvements can be put to use 
at an early stage, 

 Project-neutral moderators. 
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A prerequisite for an effective FMEA is the existence of:  

 Complete requirements and functions,  

 A system concept and its suitable partitioning according to PE-objectives into components, 
assemblies and design elements.  

The Management is responsible for providing the necessary resources in order that the FMEA 
can be performed successfully and in good time. During creation of the FMEA, the Manage-
ment lends active support by attending meetings and reviewing the results.  

1.5. Legal aspects of the FMEA 

The competent performance of an FMEA and the proper implementation of its results are 
among the duties to ensure road safety of every manufacturer of products for the automotive 
industry. The violation of this duty to ensure road safety can result in civil liability (in cases of 
product liability) on the part of the manufacturer and, in the event of personal fault, claims of 
criminal liability (in cases of physical injury/death resulting from negligence) against the re-
sponsible associates. 

Every Bosch product requires an FMEA that also sets out the specific risks. The analysis must 
take into consideration the product's operating conditions during its useful life, particularly in 
respect of safety risks and anticipated misuse. When reference is made to an existing FMEA 
during the release of a new product or changes to a product/process, this must be docu-
mented in writing such that it can be traced. 

When an FMEA is performed, the following must be observed from a legal point of view: 

The FMEA must be: 

 Clear, i.e. the description of possible failures, of actions evaluated as reasonable and of 
persons responsible for performing these actions must be completely free from possible 
misunderstanding. Here, technically precise wording must be used, enabling a specialist to 
assess failures and possible consequences. “Elastic” or emotionally laden terms (danger-
ous, intolerable, irresponsible, etc.) must absolutely be avoided. 

 True, i.e. possible failures must not be downplayed, even if the consequences may some-
times be disagreeable (re-development, delivery backlog, etc.). 

 Complete, i.e. detected possible failures must not be concealed. Concern about revealing 
too much know-how by creating a correct and competent FMEA must not lead to any re-
stricted representation. Completeness refers to the entirety of the product/process under 
analysis (system elements and functions); the depth of detail depends on the risk involved. 
C/MSA Central Directive R05 [4] must be observed in respect of passing FMEA on to cus-
tomers. 

All failure possibilities addressed in the FMEA must be dealt with, i.e. it is necessary to docu-
ment in a traceable manner either that actions to reduce the risk are not being implemented, 
or which actions have been performed when and by whom.  

New technical developments, new requirements or the introduction of new products may 
mean that an FMEA has to be performed again, even though changes have not been made to 
the actual product in question. 

For details, see [14] Legal aspects of the FMEA. 
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2. Basics  

In the application of the FMEA, it is distinguished between the Product FMEA and the Process 
FMEA. 

Product and Process FMEA cover all terms appertaining to the FMEA, such as system, interface, 
design, production, assembly, logistics and machine FMEA, for example.  

The FMEA may also be universally used for non-technical processes. 

2.1. Product FMEA 

The Product FMEA analyzes the design of products, product parts and their interfaces in terms 
of their quality throughout the entire lifecycle of the product (production, start-up, use, main-
tenance, right up to disposal). 

2.2. Process FMEA  

The Process FMEA analyzes the design of processes in terms of quality, from incoming goods to 
delivery to the customer. 

2.3. Trigger and timing of the FMEA  

The FMEA covers:  

a) For a new FMEA, the complete product and/or the entire manufacturing process. 

b) For variants or modifications, the part of the product and/or production process affected 
by the variants or modifications. With regard to the unmodified part, reference will be 
made to an existing FMEA, whereby interactions must be taken into consideration. 

The FMEA is created by the team as early as possible. The FMEA must be carried out alongside 
the product and process development project. The performance of the FMEA will be set out in 
project time schedules. 

 

Figure 1: Incorporation of the FMEA in the product engineering  process 

The status of the FMEA procedure will be checked and evaluated in quality gates. 
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FMEA must be updated until the product is discontinued if one of the following points  
applies: 

 Changed requirements or modifications to products or processes, 

 Changes to the operating conditions, 

 Requirements changed by law or by the customer, 

 Plant, 0 mileage or field experience (e.g. internal/external complaints), 

 Changes to the hazard analysis (ISO 26262). 

Following the update, a new FMEA release must be created and approved. 

2.4. FMEA team  

Interdisciplinary task forces, comprising specialists from the responsible functional units, cre-
ate the FMEA with the assistance of a specialist in the methodology (moderator). To ensure ef-
ficiency, a core team with 3 to 5 members is established, to ensure a coordinated and harmo-
nized FMEA procedure. The members of the core team come from various functional units (see 
Figure 2). Further experts may be involved if necessary. The use of a moderator ensures sys-
tematic and efficient working.  

The Project Manager is responsible for selecting the right participants. Knowledge of the FMEA 
method is vital for working in the team.  

Some advantages of interdisciplinary task forces are, e.g.: 

 The knowledge and experience of associates from different specialist units is put to use.  

 The acceptance and quality of the created FMEA is increased.  

 Cross-divisional communication and cooperation is encouraged. 

 
As a rule, participants from the following units are involved (sometimes temporarily):  

Product FMEA  Process FMEA  

Development 

Application 

Quality 

Service 

Sales 

Production 

Purchasing 

Testing  

Production Planning 

Production Execution 

Logistics 

System Planning 

Quality 

Development 

Purchasing 

Figure 2: Possible team members  
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2.5. FMEA work plan  

The table below shows the individual work steps of the FMEA, with the tasks of the various 
parties. 

Input Activity Output

Customer specifications, external 
(legal) and internal specifications; 

work documents
Rationale for FMEA application, 

technical circumstances,
existing FMEA 

Contracting, define FMEA team; define 
technical scope

Clarify customer requirements
Check existing FMEA, adopt relevant 

content

Scope, objectives, 
schedule, team,

coordinated customer 
requirements,

confirmed FMEA test result

Concepts, drafts, models,
requirements, functions

Define design principle, develop product 
structure / process structure

Product structure / process 
structure (also higher-level system 

as far as vehicle level)

Quantified requirements and 
functions of the next-higher 

system element,
product structure 

 Describe functions and characteristics 
of system elements taking into account 
interactions and link in the functional 

network  

Functional relationships (functional 
network) with detailed descriptions 

of functions / product 
characteristics / process 

characteristics

Functional relationships 
(functional network) with detailed 
descriptions of functions / product 

or process characteristics, 
lessons learned 

Describe detailed, where appropriate 
quantified, malfunctions based on the 

functions and under consideration of the 
operating and environmental conditions, 
link failure network based on functional 

network

Potential failures, failure causes, 
and failure effects, 

Cause-effect relationships (failure 
network)

Malfunctions / failure network, 
knowledge of comparable 

products, if available

Describe and evaluate measures to 
prevent and identify failures (actual 

status)

Risk assessment of the current 
development phase,

measures (actual status)

Risk assessment of the current 
development phase,

measures (actual status)

Sort risks, 
identify improvement measures, if 
necessary effect on steps 1 - 4,

evaluate remaining risk,

Further improvement measures, 
anticipated reduced risk

Further improvement measures, 
anticipated reduced risk, 

information on costs, time, and 
strategy

Decision on whether the proposed 
measures should be implemented

Decision on which of the proposed 
measures are to be implemented 

Decision on which of the 
proposed measures are to be 

implemented 

Update FMEA with the implemented and 
rejected measures

Updated FMEA status

Updated FMEA status
Decision on whether the remaining risk 

is accepted
FMEA release ready to be signed

FMEA release ready to be signed
Document and approve FMEA release, 

e.g. as part of an FMEA review
Approved FMEA release

Step 1: Structural analysis 

Step 2: Functional analysis 

Step 3: Failure analysis

Step 4: Action analysis 

Step 5: Optimization

Step 0: FMEA preparation 

Start

Implement proposed 
measures?

Yes

Update measure status in the FMEA

Remaining risk 
accepted?

No

Yes

No

Document and approve FMEA release

End

 

 

To ensure an efficient FMEA procedure, the first steps (0 – 2) may be prepared by a reduced 
team. The steps of the FMEA are not dealt with purely in sequential order for all system ele-
ments; they may overlap in the context of simultaneous engineering. All five steps are dealt 
with for prioritized topics, resulting in an iterative procedure. 
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2.6. Systematic preparation  

This section defines preparatory tasks and responsibilities, which are necessary in order to en-
sure the successful performance of an FMEA in accordance with the work plan (section 2.5). 

2.6.1. Definition of tasks  

 

R: Responsible (incl. active involvement) 
 
A: Approval 
 
S: Support (involvement on re-
quest/support by management) 
 
I: Information (persons to be kept in-
formed) 
 
C: Cooperation (active involvement,  
as an obligation) 
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FMEA planning in project sched-
ule (initial draft and update) 

 I I S R S   A  

Contracting of FMEA Moderator 
and client contact person  

 I C S R S C  A  

FMEA planning with customers  
 I S R C  C  A I 

FMEA planning with suppliers 
 I S  C R S  A I 

Appointment of FMEA team  
  C  R  C I C  

Coordination of project-specific 
customer requirements for FMEA  

S S C C R  I I   

Preparation of technical re-
quirements (customer specifica-
tion, performance specification,  
Special Characteristics) 

  I C R  C I   

Examination of contents used 
from existing FMEA   C  R   S A  

Provision of necessary  
documents and samples    I S C S R S   

Coordination of schedule and  
invitation to FMEA meetings  

  C S I S R S   

Figure 3: Assignment of tasks to responsibilities 

 

Systematic preparation considerably reduces the time spent on FMEA creation. During the 
planning phase, FMEA-specific requirements (internal or from the customer), such as evalua-
tion criteria or presentation deadlines, must be taken into consideration. 
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The performance of an FMEA must be agreed between the client and the FMEA Moderator. 
This may be accomplished by means of a contracting list, for example (see Appendix 3). 

The use of other methods (e.g. DRBFM, FTA) should also be discussed. Interfaces between the 
methods must be defined. The incorporation of DRBFM results must be clarified in advance 

In the Product FMEA, the scope of analysis can be presented in the form of a block diagram or 
a 3D model. Here, the boundaries of analysis and the interfaces are identified and established 
(see Figure 4). In the Process FMEA (see Figure 5), a process flow chart may be used, for exam-
ple. 

 

Magnet

Sintered bearing

Brush-holder

O-ring

Armature
 

Figure 4: Example 3D models 

 
 

 
 

Figure 5: Example of a process layout and flow chart  
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2.6.2. Preparation for an FMEA meeting  

During FMEA preparation, all technical requirements for the product, process or scope in ques-
tion must be checked in detail. These requirements must be available in complete, unambigu-
ous and quantified form. Requirement engineering methods, such as QFD (Quality Function 
Deployment), for example, are used to document the requirements and product functions. In 
addition, the use of international and national standards and guidelines, e.g. “Cleanliness of 
components and installation” as per VDA 19/1 and /2 and ISO16232 (see Appendix 5, best 
practice example) must be ensured. 

To reduce time and expenditure, the following documents (if available) should be procured be-
fore the FMEA meetings and used during the FMEA. Unresolved items must be clarified by the 
Project Manager. 

Product FMEA: 

 Requirements documentation, e.g. customer specification, performance specification, 
technical customer documentation (TCU), offer drawing, results from QFD, DFMA (Design 
for Manufacturing and Assembly), engineering change requests, 

 Functional description,  

 Structure (e.g. block diagram), 

 Parts lists and drawings,  

 Existing FMEA (comparable products/processes, etc.),  

 Project schedule, 

 Agreed S evaluation criteria (e.g. from customer),  

 “Special Characteristics” defined by the customer, 

 Design verification plan (test sheet), 

 Failure statistics, 

 Internal failure rates, 0 mileage and field failure statistics from comparable products, 

 Samples and 3D models, 

 Test results.  
 

Process FMEA: 

 Product FMEA, 

 Work plan/control plan, 

 Parts lists and production drawings, 

 Prepared structure and functional analysis (steps 1 and 2),  

 Existing FMEA (comparable processes, etc.),  

 Project schedule, 

 Manufacturing instructions, 

 Machine and process capability data, 

 Process trial results, 

 Samples, 

 Technical customer documents (TCU),  

 Internal failure rates, 0 mileage and field failure statistics from comparable products, 

 DFMA.  
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2.6.3. Special Characteristics  

Special Characteristics are product characteristics or production process parameters, which 
may have an effect on safety or compliance with legal provisions, for example, on the fit, the 
function, the performance or further processing of the product. 

Bosch divides these into three categories: 

“S” Safety requirement/product safety/safety-relevant consequences. 

“G” Legal, statutory and official requirements in place at the time the product was  
 launched.  
  These include issues relevant to approval and certification. 

“F” Further important functions and features (fit, form, function). 

Notes 

 Special Characteristics are determined and identified in accordance with Central Direc-
tive [5]. 

 Special Characteristics must be documented in the FMEA through the identification of the 
relevant functions/characteristics. 

 

2.6.4. Prioritizing the scope of observation 

The order of processing and the depth of analysis can be managed by means of prioritization. 
This prioritization can take place on the basis of components or functions. A complete risk 
analysis (steps 1 – 5) is performed for prioritized scopes, then the remaining scopes are ana-
lyzed (iterative procedure). 

Prioritization of the FMEA can be achieved by means of a focus area analysis based on the cri-
teria “New development” and “Not fully understood cause-effect relationships”.  

Focal points matrix

[Product]     System structure version [Text]

Assemblies

Functions

[Assembly 1]

Function 1.1: [Text]
Function 1.2: [Text]
Function 1.n: [Text]

[Assembly 2]

Function 2.1: [Text]
Function 2.2: [Text]
Function 2.n: [Text]

[Assembly n]

Function n.1: [Text]
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Principle: [Text] Principle: [Text] Principle: [Text]
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…,
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to …,
task: …

[n] [Group n]
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Assembly identical as with 
prod. ... , same requirement,
see doc. for illustration …

Cause-effect relationships 
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…

Cause-effect relationship ... 
and ... not entirely known, 
design similar to prod. …, see 
doc. …
Unresolved items: …
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r

R
e
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u
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Requirement

Current
requirement

Requirement for
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Figure 6: Prioritizing the scope of observation 

 

2.7. Cooperation with externals  

In the automotive sector, requests to view or hand-over an FMEA or to create an FMEA jointly 
are subject to the C/MSA Central Directive R05 “Customer Communication of 
FMEA/FTA/FMEDA/DRBFM/Control Plan/QAM/ISO26262 Safety Case” [4] and the Bosch  
Directive “Transmission of Classified Information to External Parties” [11]. 
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2.7.1. Joint FMEA with customers  

A Product FMEA created jointly with a customer investigates the interaction of input 
and output functions between Bosch and customer components to ensure correct overall func-
tion [8].  

The FMEA team may be led by FMEA moderators from Bosch or from the customer. Endeavors 
must be made to ensure good preparation and structuring of FMEA to be created jointly. First 
of all, jointly recognized rating tables and Special Characteristics [5] must be agreed.  

Creation of a Product FMEA (system and/or interfaces) together with a customer must be ap-
proved by the responsible manager [4]. 

Product FMEA: Extracts from the customer   

If no jointly created Product FMEA (system and/or interfaces) exists, Sales obtains extracts 
from the customer’s FMEA in good time and forwards them to the persons responsible for the 
component/product. If the customer has no FMEA, it makes sense to harmonize Bosch’s own 
drafts with the customer [8]. 

2.7.2. FMEA presentation to the customer  

FMEA presentations to customers are organized by Sales. The presentation is carried out by 
the responsible department. In the case of a Product FMEA, this is usually the task of Devel-
opment; with a Process FMEA, Production Preparation. Quality management must be incorpo-
rated in the flow of information. 

When presenting an FMEA for the first time, the general Bosch procedure for FMEA creation, 
and the rating tables used, should be explained. Special Characteristics [5] can be determined 
and identified at the customer’s request. 

Updates or minor changes since the first presentation can be explained to the customer by the 
Project Manager or Sales, e.g. within the framework of general development discussions. 

The FMEA evaluations (e.g. differential analysis, frequency analysis) can be handed to the cus-
tomer upon request, under consideration of Central Directive R05. 

2.7.3. Cooperation with suppliers  

Bosch Directive “Purchasing” [13] forms the basis for cooperation with suppliers. Our suppliers 
are under obligation to adhere strictly to the agreed product quality. The application of the 
principle “failure prevention not failure detection”, and the use of an effective quality man-
agement system by suppliers, form the basis of our business cooperation [9].  

To guarantee the quality of supplied parts, Bosch demands that its suppliers create and pre-
sent FMEA, among other things [9]. Suppliers can be given extracts from the Bosch FMEA rele-
vant to them for this purpose, as this will ensure consistency, particularly of information on the 
failure effect chain and the evaluation of the Product FMEA and Process FMEA. If extracts from 
Bosch FMEA handed over in this way are subject to ‘protection of expertise’, a nondisclo-
sure/reservation of rights agreement must be concluded with the supplier [4]. 

The rating tables and the procedure for Special Characteristics [5] must be agreed with the 
supplier. 

Procedure for the Product FMEA   

After the supplier has created a draft, the Bosch Development department asks the supplier to 
permit Bosch associates (Development, Purchasing, Quality Management) to view the Product 
FMEA, and to discuss it with the supplier. The inspection and discussion of the Product FMEA 
machine is carried out by Bosch Production Planning or MAE Project Planning and MAE Pur-
chasing together with the supplier 
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Procedure for the Process FMEA  

After the supplier has planned the production process, Bosch Purchasing asks the supplier to 
permit Bosch associates (Production, Quality Management, Purchasing) to view the Process 
FMEA and discuss it with the supplier.  

Information on an FMEA provided by Bosch clients:  

 Product, assembly and parts drawings and part numbers, 

 Bosch specification and list of Special Characteristics, 

 Information/instructions on the application-specific severity of failure effects and classifica-
tion of these effects (possibly extracts from Bosch FMEA), 

 Set deadline for FMEA creation and discussion. 

Criteria for an FMEA discussion with the supplier:  

 See example of an evaluation checklist in the Appendix. 

2.7.4. Cooperation with external service providers  

External service providers (FMEA moderators, translation agencies) are suppliers who have a direct 
or indirect effect on the quality of a product. Therefore, where external service providers are 
to be used, particular attention must be paid to their selection. The basis for this process is 
Bosch Directive “Decisions on In-House Sourcing from Outside Suppliers” [12] and Bosch Direc-
tive “Release of Classified Information to Third Parties” [11]. 

Decisions on in-house provision or contracting are, to a particular extent, decisive in terms of 
competition, and therefore determine our success. They have a major influence on the further 
development and protection of our expertise. 

It is a fundamental rule that moderated FMEA discussions and translations may only be carried 
out by external service providers with whom the relevant confidentiality agreements have 
been concluded.  

We recommend documenting translations in the same IQ-RM file as the original FMEA. 
Changes/updates can then be easily recognized and updated. 
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3. Creation and actualization of an FMEA  

Step 1
Structural analysis

Step 2
Functional analysis

Step 3
Failure analysis

Step 4
Action analysis

Step 5
Optimization 

• Describe 
functions and 
properties of 
system elements

• Prioritize scope 
of observation

• Link functions and 
properties 

=> Function net

• Describe 
possible failures

• Determine/link 
failure effects 
and failure 
modes

=> Failure net

• Determine 
severity (S)

• Determine actual 
status of failure 
prevention and 
failure detection

• Evaluate actual status 
of probability of 
occurrence and
detection (O and D)

• Calculate risk priority 
number 
(RPN = S x O x D)

• Analyze 
prioritized risks 

• Define risk-
reducing
improvement 
actions 

• Name responsible 
persons and 
deadlines 

• Introduce 
improvement 
actions and 
evaluate 
effectiveness

• Create block 
diagram or 
process flow 
chart

• Identify system 
elements and 
create system 
structure

• Establish scope 
of observation

 

Figure 7: The 5 steps for creating an FMEA 

3.1. Structural analysis 

The structural analysis is used to illustrate the constituents of the product or process, including 
system boundaries, clearly and completely. 

The structure of a Product/Process FMEA is made up of individual system elements. These de-
scribe the structural dependencies in an overall system, and are presented in a tree structure. 
The first element of the tree structure is the uppermost level of the scope under analysis 
(product/process), on which the functions of the system in question and failure effects for cus-
tomers are described and evaluated. The uppermost level is dependent upon the amount of 
knowledge the team has about the intended purpose of the product.  

The details of the tree structure can vary, depending on the scope under analysis.  

3.1.1. Structure of the Product FMEA 

Depending on the scope under observation, the system elements of a Product FMEA structure 
can consist of a system, subsystems, components, assemblies, right down to individual parts 
and their detailed design details. Complex structures may be split into several structures (work 
packages) and analyzed separately for organizational reasons or to ensure sufficient clarity. 

Sources include:  

 Quality Function Deployment, 

 Block diagram of system/software, 

 List of the scope of delivery,  

 Parts lists. 

Figure 7 shows a possible overall structure for a Product FMEA from a vehicle to the design de-
tails of the individual parts. 
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Figure 8: Overall structure for a Product FMEA 

 

3.1.2. Structure of the Process FMEA 

Depending on the scope under observation, the system elements of a Process FMEA structure 
can consist of the overall production process or individual process stations/sub-processes, and 
can be assigned to the lowest level of the 5M categories (Man, Machine, Method, Material, Mi-
lieu). Complex structures may be split into several structures (work packages) and analyzed 
separately for organizational reasons or to ensure sufficient clarity. 

Reference documents include:  

 Line layout diagram, 

 Control plan (CP)/process flow chart, 

 Material flow charts. 

The process structure illustrates the process steps, e.g. the assembly stations according to the 
line layout. The Process FMEA is based on the Product FMEA, i.e. the information described in 
the Product FMEA at component level (functions, characteristics, failures, etc.) is linked to the 
product and process characteristics on the process level. 

Figure 8 shows a possible overall structure for the Process FMEA. 

http://rb-socos-c.de.bosch.com/SOCOS/qr/?file=CGP-01900-014_BBL_N_EN_2012-06-01.pdf


Failure Mode and Effects Analysis (FMEA)  
  

 Robert Bosch GmbH | Date 06.2012 17 

 

Figure 9: Overall structure for a Process FMEA  

 

Figure 9 shows an example relationship between the different scopes of analysis of the Product 
and Process FMEA. The FMEA of the complete product/process can be dealt with in different 
work packages to reduce technical and organizational complexity. At the agreed interfaces be-
tween the individual areas of responsibility the contents have to be adjusted. 

 

Vehicle

OEM

Window lifter
subsystem

Sub-
system(s)

Window lifter
mechanic

Window lifter
motor

Subassembly

Component Design

Motor 
assembly line

...

Process step

…

Man

Machine

…

Machine
FMEA

Production
line

Supplier PS1

PS2

…Level 1

Bosch

Interface between different FMEAs Requirement/function
Breakdown of requirements 
and functions  

Figure 10: Example relationship between different FMEA and their interfaces  
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3.2. Functional analysis 

In the second step of the FMEA, the functionality of the product/process is analyzed. A prereq-
uisite for this step are requirements and a functional description, available in their entirety. In 
order to analyze functions under consideration of inputs and outputs, extensive knowledge of 
the system, the product or process and its ambient conditions, operating conditions and inter-
actions with other system elements (e.g. temperature, dust, splash water, salt, ice, vibrations, 
electrical interference, acceleration influences, full load, part load) is required.  

Linking the functions together to form a function net reveals functional dependencies. This is 
the basis for the subsequent failure analysis, and results in better understanding of the system 
among all involved parties.  

3.2.1. Requirements  

Requirements are demands or expectations that are presumed or binding. They comprise: 

 Legal requirements, 

 Standards, 

 Customer agreements (e.g. QM, product), 

 RB stipulations, 

 Production-specific requirements. 

Once requirements have been fully ascertained, the functions are derived from them. This 
takes place in requirement engineering (e.g. with QFD) and provides the necessary input for 
the functional analysis of the FMEA. 

The requirements analysis has a different focus depending on whether it is a Product or a 
Process FMEA. 

Product FMEA: Analysis of all implicit and explicit requirements (customer, law, Bosch) for the 
product, including precise specifications (e.g. tolerances) and information on intended ambi-
ent/operating conditions (e.g. temperature, pressure, humidity, incoming electromagnetic ra-
diation). 

Process FMEA: Analysis of all implicit and explicit requirements (customer, law, Bosch e.g. BPS) 
for the process, including information on expected process boundary conditions (e.g. clean 
room). 
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Figure 11: Origin of product and process requirements 

 

The requirements analysis is not a task of the FMEA. It is an input prerequisite for performance 
of the FMEA. As part of the FMEA, the existence and completeness of all requirements and 
functions is implicitly checked, and any unresolved items dealt with. 

3.2.2. Functions  

A system is described by its defining properties. These properties fall into two groups: Func-
tional characteristics (functions) and non-functional characteristics (qualities). Characteristics 
have a significance (quality) and a degree (quantity). 

Defining properties 
of products or processes

Functional characteristics
(“functions”)

Non-functional characteristics
(“qualities”)

Requirements
if “required” by law, customer or internally

 

Figure 12: Characteristics of products and processes 

 

Both functional and non-functional characteristics are analyzed in the FMEA. 
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Functions describe the relationship between the input and output of a system/element with 
the aim of fulfilling a task, Figure 13.  

 

Input  System/element
should fulfill a task

 Output

 

Figure 13: Functional description of a system 

 

The functional analysis of the FMEA is created on the basis of the existing functional descrip-
tion. The functional model below serves as a basis for the FMEA: 

 

Z: Environmental influences, noise factors 

X: Input

W: Control factors

ACTUAL system behavior

f (X,W,Z)

y = output

x = input

Y:  Output y = f(x,w,z)
Y*:  tolerable side effects

(e.g. heat, noise)

 

Figure 14: Functional model 

 

Using this model, the individual functions with the necessary inputs and outputs can be repre-
sented and discussed. Control factors assigned to the functions are also presented. Particular 
attention must be paid to all noise factors, such as ambient conditions. These are the reason 
why, in reality, a function often deviates from the description. In addition to the desired out-
put, undesirable side effects may occur, which must be taken into account in the analysis.  

The Product FMEA covers all functions of considered system on the basis of the requirements, 
taking operating states and conditions into consideration.  

The Process FMEA covers all functions of process steps/work operations on the basis of the 
process requirements, taking operating conditions into consideration. 

The complete functional description forms the basis for subsequent failure analysis and action 
analysis. 

Functions must be described with a noun, verb and quantification. The following pages contain 
further examples of complete functional descriptions. 
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Noun 
+ verb in active form 
+ quantified

Parameters that 
influence system 
behavior

Effects from Effects 
on

the environment

Output
Y=f(xwz)

Input
x

Control factor
w

Noise factors
z

Tolerable side 
effects Y*

Noun 
+ verb in active form 
+ quantified

Parameters that 
influence system 
behavior

Effects from Effects 
on

the environment

Output
Y=f(xwz)

Input
x

Control factor
w

Noise factors
z

Tolerable side 
effects Y*

 

Figure 15: Parts of a complete functional description 

 

In the following some examples of a complete functional description are given. 

A water pump as an example: 

Y, x:  Pumps drinking water from the intake side to the pressure side (operating time 200 h)  
 at a flow rate of 45 l/h to 100 l/h as per curve 4711 inside the tolerances  

w: Depending on the switch setting of the pump  

z: At ambient temperature 0°C/+85°C  

Y*: In compliance with noise limit values <40dB(A). 

The corresponding functional model of the water pump can be described as follows. 

y = output

x = input

Y*: <40dB(A) 

X: Energy
+ H2O

W: Switch setting

Y: Flow rate
45 l/h to 100 l/h

Z : 0°C/85°C 

XW1 XW2

l/h

45 l/h

100 l/h

y = f(x,w,z)
y = output

x = input

Y*: <40dB(A) 

X: Energy
+ H2O

W: Switch setting

Y: Flow rate
45 l/h to 100 l/h

Z : 0°C/85°C 

XW1 XW2

l/h

45 l/h

100 l/h

y = f(x,w,z)

 

Pumps drinking water from the intake side to the pressure side (operating 
time 200 h) at a flow rate of 45 l/h to 100 l/h as per curve 4711 inside the 
tolerances, depending on the switch setting of the pump, at ambient tem-
perature °C/+85°C in compliance with noise limit values <40dB(A). 

Figure 16: Example functional description with ambient conditions 

 

The example of a  functional description of a  window lift in a product FMEA can be found in 
the following Figure.
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Figure 17: Example functional description for a Product FMEA 

 

The example of a  functional description of a  pneumatic gripper in a process FMEA can be 
found in the following Figure. 

 

 

 

Figure 18: Example functional description for a Process FMEA 

 

3.2.3. Function net  

The interaction of system element functions is set out in the function net. Sub-functions that, 
in total, fulfill a higher-level function, are logically interlinked to create a function net (AND op-
eration). 

Functional dependencies (contributions to function, means to purpose relationship) are pre-
sented, not process flows. 

The completeness of functions and the consistency of functional descriptions (e.g. input condi-
tions) are checked and any unresolved items dealt with. The function net leads to better un-
derstanding of the system and assists with failure analysis. 
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Inputs e.g. energy, material, signal

Outputs e.g. energy, material, signal

System

Subsystem 1

Subsystem 2

Subsystem 3

Subsystem 1

Subsystem 2

Subsystem 3

1.1 1.2 1.3

2.1 2.2

3.1 3.2

1.1 1.2 1.3

2.1 2.2

3.1 3.2

 

Figure 19: Presentation of the functional sequence  

 

The relationship between several functions and input or output can be presented in a flow 
chart. This diagram can also be used to describe how the output conditions of a function can 
act as input conditions on another function.  

Armature shaft

Pole

Sintered bearing

Armature shaft

Pole

Sintered bearing

Armature shaft

Pole housing

Sintered bearing

Armature shaft
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Sintered 
bearing
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Figure 20: Example of energy flow in a component 
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MeansPurpose

System
Function A
Function B

Subsystem 1
Function 1.A
Function 1.B

Subsystem 2
Function 2.A
Function 2.B

Subsystem 3
Function 3.A
Function 3.B
Function 3.C

Component 3.1
Function 3.1.A
Function 3.1.B

Component 3.2
Function 3.2.A
Function 3.2.B

Subsystem 2.2
Function 2.2.A

Component 1.1 
…

Component 1.2
…

Subsystem 1.3 
…

Subsystem 2.1
Function 2.1.A

Component 3.1
Function 3.1.A
Function 3.1.B

Component 3.2
Function 3.2.A
Function 3.2.B

Subsystem 2.2
Function 2.2.A

Component 1.1 
…

Component 1.2
…

Subsystem 1.3 
…

Subsystem 2.1
Function 2.1.A

MeansPurpose
fulfills

How? Why? 

requires

fulfills

requires

 

Figure 21: Means to purpose relationship in the function net  

 

The function net in Figure 19 for the initial system function states that system function B can 
only be fulfilled if contributing subsystem functions 1.B, 3.B and 3.C are satisfied. Moreover, 
contributing subsystem function 3.B can only be fulfilled if contributing individual component 
functions 3.1.B and 3.2.A are satisfied. 

See Figures 20 and 21 for example function nets for the Product and Process FMEA. 

Window-lift motor
Window-lift motor converts
the electrical energy into
mechanical energy, within
the working range in…

Gearbox assembly
Gearbox assembly absorbs
the mechanical energy from
the motor assembly and …

Motor assembly
Motor assembly converts
the electrical energy into
mechanical energy, within
the working range in…

Sintered bearing
Sintered bearing absorbs
the radial and axial forces
of the rotating armature
shaft within the sliding
speed…

Dimensions
Sintered bearing inner diameter = 9,9 mm
H7

Dimensions
Sintered bearing outer diameter = 8 mm k9

Tolerances (shape, position, ...)
Sintered bearing cylinder shape = 0,05 mm

Surface (Rz, Rt, Ra, …)
Sintered bearing surface roughness =
calibrated

Hardness (Shore A, HRC, …)
Sintered bearing material hardness = xx

Constituents/material (selection compliant
with end-of-life vehicle directive) 
Sintered bearing fracture strength = 90 to
210 Mpa

Dimensions
Sintered bearing … = …

Window-lift motor
Window-lift motor converts
the electrical energy into
mechanical energy, within
the working range in…

Gearbox assembly
Gearbox assembly absorbs
the mechanical energy from
the motor assembly and …

Motor assembly
Motor assembly converts
the electrical energy into
mechanical energy, within
the working range in…

Sintered bearing
Sintered bearing absorbs
the radial and axial forces
of the rotating armature
shaft within the sliding
speed…

Dimensions
Sintered bearing inner diameter = 9,9 mm
H7

Dimensions
Sintered bearing outer diameter = 8 mm k9

Tolerances (shape, position, ...)
Sintered bearing cylinder shape = 0,05 mm

Surface (Rz, Rt, Ra, …)
Sintered bearing surface roughness =
calibrated

Hardness (Shore A, HRC, …)
Sintered bearing material hardness = xx

Constituents/material (selection compliant
with end-of-life vehicle directive) 
Sintered bearing fracture strength = 90 to
210 Mpa

Dimensions
Sintered bearing … = …  

Figure 22: Function net for Product FMEA (extract) 
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Window-lift motor
Window-lift motor converts
the electrical energy into
mechanical energy, within
the working range in…

Motor assembly
Motor assembly converts
the electrical energy into
mechanical energy, within
the working range in…

Sintered bearings pressing
station
Sintered bearing assembly
in pole housing with a
defined measure = 8,66mm
+ 0,01 mm

Machine
Pneumatic gripper takes one sintered
bearing (clamping force 1N ± 0.5) and one
pole housing (clamping force 5N ± 0.5) from
the single part box…

Window-lift motor
Window-lift motor current
consumption relative to
torque = current
characteristic curve

Window-lift motor
Window-lift motor fulfills the
air-borne noise requirement
according specification

Window-lift motor
Window-lift motor converts
the electrical energy into
mechanical energy, within
the working range in…

Motor assembly
Motor assembly converts
the electrical energy into
mechanical energy, within
the working range in…

Sintered bearings pressing
station
Sintered bearing assembly
in pole housing with a
defined measure = 8,66mm
+ 0,01 mm

Machine
Pneumatic gripper takes one sintered
bearing (clamping force 1N ± 0.5) and one
pole housing (clamping force 5N ± 0.5) from
the single part box…

Window-lift motor
Window-lift motor current
consumption relative to
torque = current
characteristic curve

Window-lift motor
Window-lift motor fulfills the
air-borne noise requirement
according specification  

Figure 23: Function net for Process FMEA (extract) 

 

3.3. Failure analysis  

The failure analysis is used to ascertain possible failures. One or more failures are derived for 
each function determined in the scope of analysis.  

Failures in the system under observation that constitute non-fulfillment of functions (malfunc-
tion) – or of output conditions that are also to be complied with – are investigated. 

The following prerequisites must be fulfilled: 

 Failures in the higher-level system are analyzed in the FMEA of the higher-level system. 

 Input conditions from the higher-level system are taken as given.  

 An input which is conform to the specification is assumed. Exceptions may be made if past 
findings exist concerning incorrect input.  

 If failures are detected in the FMEA that were not analyzed on the higher level, these must 
be communicated to the higher level [1]. 

 Individual failures are considered. In contrast, multiple failures consider the logical combi-
nation of failures, which is not analyzing in a FMEA framework.  Such analysis can be per-
formed for instance by FTA. 

3.3.1. Failures/malfunctions 

A malfunction describes the manner in which a function or characteristic cannot be fulfilled 
(deviation from a given function). 

Like functions, the possible failures are described precisely (noun + verb + adjective/adverb), 
and quantified with concrete facts, figures and data. 
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Z: Environmental influences, noise factors 

X: Input Y: Output y = f(x)
Y*: Side effects

W: Control factors

f (X,W,Z)

 

 

Figure 24: Failure  
 

The following variations are possible: 

No function: Product does not function at all, breaks down.  

Partial/excessive/deteriorated function (quantitative deviation): Fulfillment of the function is 
unsatisfactory. Not all the required characteristics or attributes of specifications are satisfied; 
this may also include excessive function (too strong, too much) and function that declines over 
time (too little, too few). 

Temporarily suspended function (temporary deviation): Satisfies the requirements, but loses 
some functional capability or cuts out completely (too early, too late, misfiring) from time to 
time due to external influences (e.g. temperature, humidity). 

Unintended function: Describes interactions between several system elements that function 
correctly on their own, but have an undesirable effect on the overall performance of the prod-
uct or process. The combination of individual performances leads to an unsatisfactory overall 
performance. 

Impermissible side effects: Side effects from the system (e.g. noise, heat) exceed tolerances, 
i.e. the output conditions are violated. 

 

Pumps drinking water from the intake side to the 
pressure side (operating time 200 h) at a flow 
rate of 45 l/h to 100 l/h as per curve 4711 inside 
the tolerances, depending on the switch setting 
of the pump, at ambient temperature °C/+85°C 
in compliance with noise limit values <40dB(A).

Example of possible failures

- Pump does not convey any drinking water
- Pump exceeds the upper tolerance for the flow rate in the operating range
- Pump falls below the lower tolerance for the flow rate in the operating range
- Pump conveys drinking water but exceeds the noise limits
- Pump does not convey at a constant flow rate
- Pump conveys water in the wrong direction

 

Figure 25: Example of possible failures  

 

Input, control and noise factors are within the permitted range.  

The flawed design of the function f(x,w,z) generates a flawed output 
and/or intolerable side effects occur. 
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3.3.2. Failure effects and failure modes 

From the failures, failure effects and failure causes are then derived. 

The possible failure effects are failures that occur in higher-level system elements. Failure ef-
fects must be precisely described up to the highest system level (e.g. end customer, vehicle). 

Possible failure causes are conceivable failures of lower-level system elements. 

A failure can be examined as a failure cause, failure mode or failure effect, depending on the 
focus. 

Figures 24 and 25 show sections from the structure of a Product or Process FMEA with func-
tions and possible failures. 

 

Figure 26: Failure description in the Product FMEA 

 

 

Figure 27: Failure description in the Process FMEA 

 

In the failure net, the failures ascertained in this way are linked to produce a cause-effect pres-
entation (logic OR operation). The functions and the function net provide the basis for this. See 
Figures 26 and 27 for example failure nets for the Product and Process FMEA. 
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Figure 28: Failure net for Product FMEA (extract) 
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Figure 29: Failure net for Process FMEA (extract) 
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3.4. Action analysis  

The current state of development, together with already introduced preventive and detective 
actions, are described on the basis of available results from product/process development. 
Under consideration of these actions, the risk of the cause-effect chains, comprising possible 
failure effect, possible failure and possible failure cause, is estimated by evaluating: 

 the severity of the failure effect, 

 the probability of occurrence of the failure cause, and 

 the probability of detection in the cause-effect chain. 

Multiplying the three individual evaluations enables us to calculate the so-called risk priority 
number (RPN). Along with further key figures, this is used to prioritize the risks, with the aim of 
determining optimization measures in the next step of the FMEA. 

3.4.1. Severity (S)  

The severity of a failure effect on the uppermost level of the scope of analysis or on the de-
fined interface to the higher-level system is rated by means of the figure “S”. This evaluation 
takes place independently from the probability of occurrence (O) and probability of detection 
(D). The S rating is ascertained on the basis of product or industry-specific rating tables. Exam-
ples are the rating criteria set out in VDA or AIAG [2], [1] in the automotive sector. Descriptions 
and evaluations of failure effects are adjusted for Product and Process FMEA. 

Example rating tables can be found in the Appendix. 

3.4.2. Probability of occurrence (O)  

The “O” rating reflects the probability with which a possible failure cause will occur. Here, the 
actions implemented for preventing the cause of failure are taken into consideration. The ef-
fectiveness of these preventive actions must be verified. If no preventive action is described, 
the rating will be O=10.  

The “O” rating should be seen as a relative estimate rather than an absolute measure. It takes 
into account the product lifecycle (Product FMEA), or time aspects in the case of processes 
(Process FMEA). 

Failure prevention is taken to mean all preventive actions that have been employed in the 
product/process design with the aim of avoiding failure causes or reducing their probability of 
occurrence. The Product FMEA takes account of introduced actions that prevent or minimize 
design failures; the Process FMEA those that prevent or minimize process failures. The prob-
ability of occurrence rating therefore allows the design quality to be evaluated. 

Failure prevention actions must be described in a way that the failures being prevented are 
clearly traceable. In respect of failure prevention measures, reference must be made to docu-
ments containing the results of the introduced actions, e.g. tolerance calculation, test report, 
8D report. 

Example rating tables can be found in the Appendix. 

3.4.3. Probability of detection (D)  

The “D” rating reflects the probability with which the failure in the cause-effect chain (failure 
net) will be detected before handover to the customer using the described investigative meas-
ures. It therefore allows the effectiveness of the introduced detective actions to be evaluated. 
The customer is the organization that receives the results of the work. 
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Failure detection action is taken to mean all actions that are suitable for detecting a potential 
failure when it occurs.  

In the Product FMEA, these are trials, experiments and tests with subsequent analyses until re-
lease is achieved.  

In the Process FMEA, these are all tests and possibilities of detection until delivery to the cus-
tomer. The suitability of process monitoring must be evaluated. Random sample tests are suit-
able only to a limited extent for detecting sporadically occurring failures or preventing the fur-
ther processing of flawed parts in downstream processes.  

Detective actions should focus on the failure cause, if possible. Detection at the failure source 
is preferable. Detection of the failure in the cause-effect chain may also be useful for technical 
and/or financial reasons. The actions must be worded in a clear and traceable manner, with 
reference to a document if necessary. 

Station 1 Station 2 Station 3

Cost

Time

Failure detection 

at station

Failure

Failure detection 

outside station

Small control loop 

Large control loop 

Station 4

 

Figure 30: “Rapid reaction” Q control loop (aim: detection at the place of origin!) 

 

If no detective action is described, the rating will be D=10. 

Failure detection actions must be described such that it is clear which failures are being de-
tected. In respect of failure detection actions, reference must be made to the item in the test 
sheet, capability test documentation, tests in the process or descriptions of other tests. 

Example rating tables can be found in the Appendix. 

The following diagram summarizes the interpretation of O and D ratings in the Product and 
Process FMEA.  
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  O 
Probability of occurrence 

D 
Probability of detection 

Product FMEA Evaluation of the  
quality of design 
to prevent the failure 

Evaluation of the  
quality of verification 
of the established design  
to prevent the failure 

Process FMEA Evaluation of the 
quality of design  
of the process 
to prevent the  
(production) failure 

Evaluation of the 
quality of detection 
of the (production) failure 

Figure 31: Overview of O and D 

 

The illustrations below explain the distinction between preventive and detective actions in the 
Product or Process FMEA. 

 

Ascertain
and decide 
on design

PA:
Theoretical

tests
e.g. DoE, FEM

Trial
Component, 

product, 
system trials

Design failure Time

DA:
- Good/Bad inspection
- Inspection for failures
- Function test

over service life,
e.g. trend analysis

PA (preventive): Preventive actions
DA (reactive): Detective actions

PA: 
Review & reaction
before decision, 
e.g. CAE, tolerance study

Design element
determined

 

Figure 32: Prevention and detection in the Product FMEA 
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Execution of
operation

Process B

Execution of
operation

Process C

Process failure
occurs here

Time

PA:
Monitoring & reaction
before execution, 
e.g. poka-yoke

Station 2 Station n

Process
parameters

PA (preventive – process planning): Preventive actions
DA (reactive – process execution): Detective actions

DA:
Check
for failures
in B

DA:
Check
for failures
in B

PA: 
Process planning

 

Figure 33: Prevention and detection in the Process FMEA 

 
The following criteria must be considered for the description of actions: 

 What is being prevented or detected  
(logical relationship between failure and action)? 

 Where does prevention or detection take place? 

 How large is the test interval and scope? 

 What tools/resources are used to perform the action? 

 Who or what performs the action? 

 Where is the result documented? 

 Where are the instructions for the action described? 

 What is the reaction to the result of the action? 

Calculation (statistical tolerancing) of 
sintered bearing diameter, based on the 
permitted bearing clearance in operation 
and under consideration of the armature 
shaft diameter, using calculation software 
LagerSoft to determine the B-sample 
design at CR/AAA1. For results, see 
report 20100304YX

Wear evaluation of sintered bearing bore 
after endurance testing (test plan 4711) 
with 25 B-samples (microscopic wear 
evaluation) by CR/BBB2 and confirmation 
of the design. See test report 132Y36985L

 

Figure 34: Example description of actions in the Product FMEA 
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Record the characteristic “contamination 
of workpiece carrier” in maintenance 
plan 4711, visual inspection at start of 
shift (cleaning if necessary) by machine 
setter with documentation in 
maintenance plan.

Random sample test of perpendicularity 
of sintered bearing bush in relation to 
pole housing 1 x per shift on 5 parts, 
plus visual inspection for damage to 
sintered bearing bush under the 
microscope through a selection test 
following test instruction, reaction to 
action plan if necessary.

Agree design modification to workpiece
carrier fixture (self-cleaning effect) 
with machine manufacturer, e.g. conical 
shaping of workpiece carrier base with 
central bore and extraction.

 

Figure 35: Example description of actions in the Process FMEA 

 

3.4.4. Risk evaluation  

The aim of the risk evaluation, with ratings S, O and D, is to prioritize potential weak points in 
order to find starting points for optimization in the next step of the FMEA. 

Here, the following rules to ensure critical evaluation are a prerequisite for an effective FMEA: 

 Evaluations must be agreed in the team. 

 Obtain rating table from 10 (worst case) to 1. 

 Only downgrade ratings with good reason. 

 If the team is not unanimous, use the highest rating in each case. 

 Avoid dual ratings. For instance, a very good detection (D = 1, failure does not reach the 
customer) must not result in a severity rating of S = 1. 

Apply the rating benchmarks in a uniform manner. 

The so-called risk priority number (RPN) is the product of the individual ratings:  
RPN = S x O x D. It is calculated in the FMEA as standard and automatically, if software is  
used. Further specific criteria (e.g. SxO or OxD) may be established, however, for different ap-
plications. 

At this point, we wish to point out that the results of the risk evaluation should be interpreted 
as relative estimates, not as absolute measures. The evaluations of different FMEA are not mu-
tually comparable. Likewise, limit values for the risk priority number (RPN) are not suitable on 
their own as an evaluation criterion for determining improvement actions in the FMEA. 
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3.5. Optimization  

On the basis of the evaluated status of development, the ascertained product/process risks are 
examined for possible improvements. 

Step 5 can therefore also be described as an iterative development process (PDCA – Plan, Do, 
Check, Act) to improve the product/process through targeted actions to lower the current indi-
vidual S, O or D rating, with subsequent effectiveness check and renewed decision about target 
achievement. 

The procedure is divided into the following steps: 

 The risks of the analyzed product/process are prioritized, i.e. sorting takes place e.g. on the 
basis of individual ratings, RPN, SxO or OxD. 

 If the prioritized risks are unacceptable, new actions are proposed. These new actions are 
evaluated beforehand, allotted responsible persons and deadlines and put forward for a 
decision. An expected rating for the planned action is entered in round brackets (). 

 Following implementation of the actions, an effectiveness check is performed with refer-
ence to the previous evaluation, and the evaluation is checked. If it turns out that the ac-
tion has not achieved the desired result, the evaluation must be adapted accordingly and 
optimization repeated until an acceptable result has been reached. 

 The result of the implemented actions must be described in the FMEA in a traceable man-
ner. Reference may be made to further documents, e.g. reports of the results. 

3.5.1. Criteria for the determination of actions 

The following criteria assist with the decision as to whether new actions should be determined: 

 In the case of safety-relevant failure effects or non-compliance with legal regulations, 
-actions must be introduced, if possible, which reduce the severity of the failure effect. 

 Agreed customer stipulations must be taken into consideration. Customer requirements 
must be agreed in accordance with internal regulations [8]. 

 The RPN provides information about prioritization, but does not suffice on its own as the 
basis for a decision.  

 If individual ratings are high, improvement actions must be examined and introduced if 
necessary. 

 Specific criteria (e.g. SxO, OxD) can be determined for different applications. 

 The criteria for defining optimization actions in the FMEA are set out in the Central Direc-
tive [3] and can be expressed in greater detail for specific projects. 

3.5.2. Selection of actions 

Actions are selected according to the following order of priority: 

 Modification of the concept, to exclude the failure cause and/or obtain a failure effect with 
lower severity. 

 Improvement of the design of product/process elements, to minimize the probability of oc-
currence of the failure cause. 

 More effective detection of failures. 
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Notes: 

 In the event of modifications to the concept, all five steps of the FMEA will be repeated for 
the affected sub-areas. 

 Failure prevention is more cost effective than failure detection. 

 Failure detection at the source of failure (place of origin) is the ideal, as this prevents fail-
ures from spreading and avoids the waste of resources (rejects, corrective work, additional 
value enhancement). 

3.5.3. Decision on actions to be implemented  

The FMEA team has the task of flagging up technical risks in products and processes and pro-
posing possible solutions to reduce the risk. 

Where the introduction of improvement actions is concerned, financial, time-based and strate-
gic aspects must be taken into consideration as well as purely technical ones 

The decision about the time and expenditure to be invested can only be made by the FMEA 
team itself within a certain framework. Decisions outside this framework are the responsibility 
of the decision makers. A presentation of FMEA results is recommended as the basis for this 
decision. 

3.6. Documentation and release 

FMEA are confidential documents. They may be available in printed form or as a file. 

For each FMEA printout, a set of documents must be compiled containing the following: 

 Document with basic FMEA information (e.g. FMEA cover sheet), 

 Proof of approval,  

 FMEA forms (RB form or form with comparable content), 

 Rating tables used. 

An example of the FMEA cover sheet can be found in Appendix 2. 

FMEA documents must be kept and archived in accordance with regulations [10]. 

FMEA must be created in IQ-RM and filed electronically. This facilitates the exchange of infor-
mation between FMEA users. The Project Manager decides which documents are also to be ar-
chived as hard copies.  

The signature beneath the FMEA is proof of agreement with the entire FMEA content.  
Additionally, the responsible persons decide whether the remaining risk is acceptable and doc-
ument this by their signature on the cover sheet.  

Once the FMEA printout has been fully completed or updated: 

 The presentation of results is prepared,  

 Approval is obtained through signatures of management. 
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4. Special Applications 

4.1. FMEA for customer operation 

The FMEA is utilized at an early stage of the product engineering process. It examines the 
status of development or planning applicable at this time for possible failures, with the aim of 
introducing actions to prevent them. Mechatronic systems, which contain sensors, control 
units and actuators, mostly feature integrated diagnostic and monitoring functions, with which 
the system can diagnose failures. Information about such failures detected during customer 
operation can be used to lessen failure effects (limp-home mode), to inform the driver and fa-
cilitate diagnosis and correction by Service personnel. The “customer operation” and “service” 
observation levels can therefore be included in the FMEA, but must be presented separately. 

If the customer operation is analyzed in the Product FMEA a specific rating table for the prob-
ability of detection is employed (see Appendix). 

4.2. Product FMEA and diagnosis  

The Product FMEA contains important information that is relevant to diagnosis and can be 
used as input information for the diagnostic development process. For example, failure analy-
sis data can be employed in the creation of diagnostic flow charts, and the structural analysis 
can provide an insight into the smallest replaceable unit. Comparison between the Product 
FMEA and the diagnostic flow chart helps to achieve a complete diagnosis.  

Instructions for the creation of FMEA that are optimized for diagnosis: 

 Group the structure into service-relevant components (smallest replaceable unit). 

 Uniform descriptions of failure effects and severity ratings at vehicle level in different cor-
responding FMEA; pay attention to the propagation of failure effects beyond system bor-
ders. 

 Workshop-relevant failure effects should be available and at vehicle level.  

 Uniform presentation of failure effects at vehicle level showing symptoms that can be per-
ceived by the driver (the technical description often does not match the customer’s de-
scription). 

4.3. FMEA and DRBFM  

DRBFM (Design Review Based on Failure Mode) is a systematic procedure for understanding 
and analyzing products during the course of their development. It focuses on potentially critical 
changes to an existing design and their influence on functions (description with limits and con-
ditions), and resulting potential problems. The DRBFM enables the detailed examination of 
technical risks and the elaboration of solutions, with the aim of robust design. In design re-
views, the developer explains to critical specialists why and how his design works.  

The FMEA and DRBFM mutually complement one another and work closely together as pre-
ventive methods alongside development, with the aim of seeking out potential problems  
at an early stage and defining preventive actions. Whereas with the FMEA a product is con-
tinuously monitored, the DRBFM focuses on potential critical changes to a product compared 
with a predecessor or comparable product. The use and scope of analysis of the DRBFM is de-
termined during product development, in order to prevent work being duplicated in the FMEA. 
Use of the DRBFM cannot replace use of the FMEA, as the scope of analysis and the content 
are not identical. 
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Figure 36: Relationship between FMEA and DRBFM 

 

Results that have been achieved with one of these two methods can also be used for the other. 
Results may be documented in a common database.  
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5. FMEA software  

The IQ-RM software tool assists the user with the structured acquisition, presentation and 
evaluation of the information to be processed. Use of the prescribed methodology is required 
to use the program.  

Here is an overview of the features of IQ-RM relevant to the FMEA: 

 Tree structures,  

 Function nets, 

 Failure nets,  

 FMEA forms, 

 Actions/schedules, 

 Statistical analyses.  

The current version can be installed via PeaCy, or downloaded from the intranet on the home-
page of the C/QM corporate department. Robert-Bosch GmbH incl. subsidiaries with shares 
> 50 % hold a corporate license, which permits worldwide use and the exchange of data.  

Knowledge of IQ-RM is taught in the TQ012 seminar. 
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Appendix 1  Rating tables  

 

General Evaluation Criteria for Severity S
of Failure Effects in Product and Process FMEA 
(Effect on Customer and Manufacture/Assembly) 

Evaluation S

Extremely serious failure 
Which affects safety and / or compliance with legal regulations, without warning. 
 

Operators at the machine or in assembly may be endangered without advance warning. 

10 

Extremely serious failure 
Which affects safety and / or compliance with legal regulations, with warning. 
 

Operators on the machine or assembly line may be endangered with advance warning. 

9 

Serious failure 
Failure of primary functions, e.g. vehicle not ready for driving: Immediate workshop visit required. 
 

100% of the product must be scrapped or product cannot be delivered. 

8 

Severe failure 
Functional capability of vehicle severely restricted: Immediate workshop visit required. 
 

Products must be sorted and < 100% of the product must be scrapped, or severely delayed delivery, or reduced cycle 
time, or increased working effort.  

7 

Medium failure 
Functional capability of vehicle restricted due to failure of important control and comfort systems: Immediate workshop 
visit not required. 
 

100% of production must be reworked (outside production line). 

6 

Medium failure 
Functional capability of vehicle restricted due to functional impairment of important control and comfort systems:  
Immediate workshop visit not required. 
 

A part of the production must be reworked (outside production line). 

5 

Medium failure 
Minor functional impairment in control and comfort systems; noticeable by any driver: Immediate workshop visit not 
required. 
 

Fitting characteristics and outward performance, squealing and rattling behavior do not correspond with the require-
ments. Fault is noticed by most customers (> 75%). 
 

100% of production must be reworked (at processing station before next process step). 

4 

Insignificant failure 
Customer is only slightly inconvenienced and will probably only notice a slight impairment; noticeable by average  
driver. 
 

Fitting characteristics and outward performance, squealing and rattling behavior do not correspond with the  
requirements. Fault is noticed by 50% of customers. 
 

A part of the production must be reworked (at processing station before next process step). 

3 

Very minor failure 
It is unlikely that the failure will have a perceptible effect on the behavior of the vehicle. Only noticeable by qualified 
personnel or practiced / experienced drivers. 
 

Fitting characteristics and outward performance, squealing and rattling behavior do not correspond with the require-
ments. Fault is noticed by individual customers (< 25%). 
 

Process or operation slightly hindered, or slight inconvenience of the operator. 

2 

No effect 
No perceptible consequences. 
Very slight functional impairment, only noticeable by qualified personnel. 
 

No recognizable effects. 

1 
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Evaluation  
O 

General Criteria for Product and Process FMEA 

10 
Very high It is almost certain that the failure cause / mode will occur very frequently. 
 

New development of systems / components with no experience or under unclear  
operating conditions. Known system with problems. 
 

New process without experience. 
9 

8 
High The failure cause / mode will occur repeatedly. 
 

New development of systems / components using new technologies or use of  
problematic technologies. 
Known system with problems. 
 

New process with known but problematic processes. 
7 

6 
Moderate The failure cause / mode will occur occasionally. 
 

New development of systems / components with experience or changes to details of previous  
developments under comparable operating conditions. Proven system / component with years  
of fault-free series production experience under changed operating conditions. 
 

New process with adoption of known processes. 
Proven process with positive series production experience under changed conditions. 

5 

4 

3 

Low The occurrence of the failure cause / mode is low. 
 

New development of systems / components with predictable positive testing method –  
not all certifications available yet. Changes to details of proven systems / components with years of 
fault-free series production experience under comparable operating conditions. 
 

Changes to details of proven processes with positive series production experience under compara-
ble  
conditions – not all certifications available yet. 

2 

Very low The occurrence of the failure cause / mode is very low. 
 

New development of systems / components with a positively completed testing method.  
Changes to details of proven systems / components with years of fault-free  
series production experience under comparable operating conditions. 
 

Changes to details of proven processes with positive series production experience under  
comparable  
conditions. 

1 

Unlikely The occurrence of the failure cause / mode is unlikely or  
excluded. 
 

New development or proven system/component with experience under comparable operating  
conditions with positive results to verification procedure. 
Proven system / component with years of fault-free series production experience under  
comparable operating conditions. 
 

New process under changed conditions with positive results to machine/process aptitude  
verification. Proven process with positive series production experience under comparable  
conditions on comparable equipment. 
Failure is excluded by effective preventive action(s).  
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Evaluation criteria for "design detection" 
(for system, subsystem, component package, design) 

Evaluati
on D 

Evaluation criteria for detection 
"in customer operation" 

(for system, subsystem, component package) 
Unlikely 
 
The malfunction or failure mechanism will not be proved. 
 
It is unlikely that the detection actions in development will 
detect a possible malfunction or fault mechanism.  
 
The robustness / reliability of the design cannot be proved. 

10 

Unlikely
 
It is impossible or unlikely that the failure will be detected at 
all or in time.  
  - No monitoring / diagnosis of the functions to be 
    monitored by the system.  
  - Detection during diagnosis unlikely or only  
    with very significant effort. 

9 

Low 
 
Low probability of detection of malfunction or failure 
mechanism as testing method is uncertain or no 
experience with the testing method available. 

8 

Low
 
Low probability that the failure will be detected at all or in 
time.  
  - Monitoring / diagnosis of some of the functions 
    to be monitored or only under 
    certain operating conditions 
    by the system or the user 
  - Changed function, e.g. convenient back-up mode 
  - Detectable during diagnosis with significant effort only 

7 

Moderate  
 
Moderate probability of detection of the malfunction or 
failure mechanism. Proven verification method from 
comparable products under new operating/boundary 
conditions. 

6 

Moderate
 
There is a moderate probability that the failure will be 
detected at all or in time.  
  - Monitoring / diagnosis of some of the functions 
    to be monitored by the system 
  - Failure of function / back-up mode and / or 
    with warning for user, e.g. statically 
    actuated warning lamp 
  - Detectable during diagnosis with reasonable effort 

5 

4 

High 
 
High probability of detection of the malfunction or failure 
mechanism using proven verification method. The 
effectiveness of the detective action has been proven for 
this product. 

3 

High
 
There is a high probability that the failure will be detected in 
time.  
  - Monitoring and diagnosis of the functions  
    to be monitored by the system 
  - Failure of function and back-up mode with clearly  
    perceptible impairment and / or warning for user, 
    e.g. flashing warning lamp 
  - Definitely detectable during diagnosis with 
    minimal effort, e.g. using service routine 

2 

Certain 
 
Very high probability of detection of malfunction or failure 
mechanism using proven testing method on predecessor 
generations. The effectiveness of the detective action has 
been proven for this product. 
 

1 

Certain
 
The failure will definitely be detected in time.  
  - High-quality and independent monitoring 
    and diagnosis of the functions to be  
    monitored by the system 
  - No common cause effects between 
   failure cause and detection conceivable 
 
Failure of function / back-up mode with very clearly 
perceptible impairment and / or with clearly perceptible 
warning for the user, e.g. acoustic signal.  
  - Definitely detectable by user or in diagnosis using  
    self-diagnosis / indication without additional testing  
    equipment 
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D Probability of 
detection 

Evaluation criteria 

10 

None 
The failure will not or cannot be detected as no testing 
method has been established or is known. 

9 
 Very low  

Test result uncertain or no experience with the defined 
testing method. 

8 

7 
 Low 

Testing method not yet proven or little experience with 
the defined testing method. 

6 

5 
 

Moderate  
Proven testing method from comparable processes 
under new operating/boundary conditions (machines, 
material). 

4 
 

3 

High 
Proven testing method. The required aptitude of this 
testing process has been confirmed. 2 

 

1 Certain  It is certain that the failure will be detected.  
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Appendix 2  Cover sheet 

 

 

QUALITY ASSURANCE 

Cover sheet 

Failure Mode and Effects Analysis 

FMEA No.:   ABC-123 
FMEA pages:    
Edition: 1 
Date: 30.11.2006 

Product:  [derived from the structure] 

Item number: [derived from the structure] 
Customer:  

Distributor: 
Departments/associates, 
who need the FMEA 
for project work 
The FMEA mailing list is 
determined for specific 
GBs 

 

Original file: 
Place of original 
file storage 

 

FMEA team: 
All team members 
without moderator 

 

1. Task: 
 Reason for FMEA creation, such as new product  

and/or process, modifications to product 
and/or process, etc. 

 Scope of analysis 
 GB agreement if nec. for cross-GB projects 
 Reference to other applicable FMEA 

2. Result: 
 Results from the analysis, such as highlights, top risks 

such as number of Special Characteristics, evaluations 
 Justified statements about possible non-compliance  

with RB or GB FMEA rules, see Appendix 
 Description of “Special Characteristics” internally  

defined and agreed with the customer, plus  
reference to separate list, with explanation 

3. Actions: 
 Number of defined actions 
 Special features of the actions to be introduced 
 Number of pending actions 
 Conclusion of all actions 

4. Appendices:  
 Lists of attached FMEA analyses (frequency analysis  

and schedule) 
 Reference FMEA 
 List of documents (e.g. drawings, standards) 

that are necessary for understanding the FMEA 
 Other, different evaluation tables 
 Agreement with customer, failure numbers, etc. 

5. Remarks (optional): 
 Explanations of the above points.  
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Appendix 3  Contracting checklist 

Name                         Contracting  
participants: 

Depart-
ment 

                        

 

1. Order framework 

Product or Process FMEA/Project        

Account no. (development order, PSP element)       

Project-specific outline deadlines (e.g. QGs, design freeze, SOP,  …)       (schedule with FMEA deadlines attached) 

Start time of FMEA       

Deadlines for internal and external presentations       

Estimated time required (incl. preparation/follow-up work, e.g. in hours)       

Language (FMEA facilitation, documentation, translation)       

 

2. Determination of the FMEA scope of observation 

Scope of analysis (e.g. boundaries, responsibilities, internal/external interfaces, depth of analysis, prioritization) 

      

Description of tasks (e.g. new FMEA, version of existing FMEA, interface to another FMEA, update, detailed analysis, …) 

      

Boundary conditions (e.g. use/coordination with other methods, such as QFD, FTA, DRBFM …) 

      

 

3. FMEA team (for team composition, see Booklet 14 or documented GB procedures) 

Name Department Task (role) in the team 

            Moderator 

            Team contact person 
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4. FMEA requirements and work documents 

Available/Required? Requirement Remarks 

Yes  
(document) 

Not re-
quired 

No  
(Available by) 

Specific customer requirements for FMEA  
methodology 

  

      

  

      

Specific customer requirements for rating ta-
bles 

  

      

  

      

Specific customer requirements for RPN limits   

      

  

      

List of internal/external Special Characteristics   

      

  

      

Agreement of failure effects incl. S ratings  
with customer 

  

      

  

      

Agreement of evaluation lists between  
customer and Bosch (reference table) 

  

      

  

      

Customer specifications, confirmed TKU   

      

  

      

Performance specification   

      

  

      

Parts lists and drawings   

      

  

      

Flow chart/block diagram/process flow chart/ 
control plan 

  

      

  

      

Work schedule   

      

  

      

   

      

  

      

5. Acceptance of FMEA contracting 

Yes No (reason) Resubmit by 

 

 

 

      

 

      

 

 

     

Place/date  Project Manager (client) FMEA Moderator 
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Appendix 4  Checklist for evaluation  (example) 

 Product/process: FMEA No.:

SOP:

Remarks:

Part 1 (after compilation)
Completed

Yes/No*

0.1      Define scope of observation and tasks involved in analysis. Also see contracting, if necessary, 
documented on cover sheet 

0.2      Establish FMEA team as per CDQ 0305 Item 3.1.2 Also see contracting, if necessary, 
documented on cover sheet 

0.3      Compile FMEA to reflect the current status of product development/
process planning.

State reference documents with date and status on cover sheet?

0.4      Set up FMEA in the database and upload files (.fme and .xml). If database exists

Remarks/reason

1.1      Check that requirements are complete and traceable. Customer specifications, drawings, functional descriptions, design plans, 
structure, etc.

1.2      Create structure in accordance with the established scope and depth of observation Reason for reduced scope/depth required;
describe selection criteria, if applied 

Remarks/reason

2.1      Individually name functions. Provide concrete values and tolerances for parameters 
vital to function, or enter a reference to them.

Describe functions with a noun, verb and object
References to drawings, customer specifications, etc. are required.

2.2      Logically interlink functions. Create function trees/function grids

Remarks/reason

3.1      Assign several malfunctions to each function. Simply stating the negation of a function is mostly insufficient 
(take account of partial, unwanted and intermittent function)

3.2      Describe malfunctions in a clear and traceable manner. List positive and negative tolerances individually if they produce different 
failure effects.

3.3     Logically interlink malfunctions. Produce failure grids

3.4     Examine actual failure modes (root causes).

3.5     Note the “Legal aspects” (C/LSK letter on “FMEA – Legal aspects”)?
Legal aspects
(https://inside-ws.bosch.com/FIRSTspiritWeb/permlink/wcms_corpfunc_-Guidelines___Information-EN)

Remarks/reason

4.1      Make use of evaluation lists for severity, probability of occurrence and probability of 
detection.

Documentation of different evaluation lists;
rate O and D with 10 if no action taken

4.2      Rate the same failure effects with the same severity (S) in the system
under analysis.

Apply rating benchmarks uniformly

4.3      Assess severity of the failure effect for the product/process under observation and 
agree with customer if necessary.

4.4      Comply with criteria for the introduction of improvement actions.

4.5      Check the effectiveness of preventive/detective actions and describe 
their relationship to the documents in a traceable manner.

Reports, test reports, etc.

4.6      Appoint responsible persons and deadlines for planned actions.

4.7      Incorporate and mark Special Characteristics required by the customer 
in the FMEA. 

4.8      Identify and document Special Characteristics from the FMEA analysis 
(CDQ 0306).

* A reason is required if the answer is “no”!

Place/date 

Part 2 (after trials)
Completed

Yes/No*

6.1      Implement decided actions in compliance with deadlines.

6.2      Check effectiveness of actions after trials.

6.3      Define new actions if results are negative.

6.4      Update FMEA within the required time frame. For updating, see PEP Manual CDQ0304, CDQ0305 items 3.4

* A reason is required if the answer is “no”!

Place/date 

    3               Failure analysis

    4/5               Risk analysis/optimization

     0               Organization Remarks/reason

     1               System structure

     2               Functional analysis

Signature:                          Project Manager                                Team Contact Person                                                  FMEA Facilitator

      6               Update Remarks/reason

Signature:                          Project Manager                                Team Contact Person                                                  FMEA Facilitator
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Appendix 5  Examples of FMEA “Cleanliness concept” 
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