
Proceedings of the 3rd Annual World Conference 
of the Society for Industrial and Systems Engineering,  
San Antonio, Texas, USA 
October 20-22, 2014 

ISBN: 97819384960-2-8 389 

Failure Analysis of Safety-Critical Systems with Advanced FMEA-Methodology 
 

 O. Mannuss and A. Schloske 
 

Department of Sustainable Production and Quality Management 
Fraunhofer Institute for Manufacturing Engineering and Automation (IPA) 

Nobelstrasse 12, 70569, Stuttgart, Germany 
 

Corresponding author's Email: oliver.mannuss@ipa.fraunhofer.de 
 
Author Note: Oliver Mannuss is group manager of Quality and Reliability Engineering. He has done more than 100 risk 
analyses on industrial projects in the automotive, machinery and medical/pharma branches. His research fields include the 
risk analysis of safety relevant systems in products.  
 
Abstract: Increasing complexity of products and production processes demands enhancements of the methodologies for risk 
identification in the development phase. This is especially the case with safety-critical automotive components. One of the 
major applied tools for technical risk management in product development is the Failure Mode and Effects Analysis (FMEA). 
For safety-critical systems, which are mostly mechatronic parts, the FMEA has to be handled in different ways during a 
development project. Within the paper we will show the trends in FMEA and put them into a framework which enables the 
methodology to be used consistently from the system specification up to the production control plan 
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1. Introduction 
 
 Automotive industry is one of the key drivers for innovations in products and processes. Due to the competitive 

market situation each car manufacturing company has to offer new features and functionalities in each new issued model. 
This leads to an increase in features offered on vehicles over the last ten years (Rivett, 2012). The functionalities demanded 
by the customer in different domains (ergonomics, entertainment, etc.) leads to more complexity (Bergmiller, 2013). 
Technological, this leads to extensions of the electrics and electronics (EE) of the vehicle (Bergmiller, 2013), the use of 
software-based control units (Rivett, 2012) and the introduction of new sensors and actuators (Mader et al., 2011). The 
rapidly increasing in complexity is seen as a main challenge in design and development of a car (Mu et al., 2012) 
(Hillenbrand et al., 2010). More and more critical functions are realized in mechatronic systems, and their malfunctioning can 
contribute to the safety risk to the vehicle occupants and/or other road user (Birch et al., 2013) (Bellotti & Mariani, 2010). 
The mechatronic systems have to fulfill the safety functions normally in addition to the functional requirements (Ridderhof et 
al., 2007). Quite a lot of the safety functions which are formerly done by mechanical or hydraulic components are now 
integrated in the electronic and software elements (Bachmann et al., 2011).    

Typical system elements in this context are: 
• Adaptive cruise control (Rivett, 2012) 
• Blind spot detection (Rivett, 2012) 
• Lane departure warning (Rivett, 2012) 
• Speed limit monitoring systems (Rivett, 2012) 
• Parking assistance (Rivett, 2012) 
• Night vision systems (Rivett, 2012) 
• Drive-by-Wire-Systems (Bergmiller, 2013) 
• Hazardous voltage (HV) battery systems are a central part of battery-powered Electric Vehicles (EVs) or 

Hybrid Electric Vehicles (HEVs) (Martin et al., 2014) 
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