
Master Thesis

Reconstruction of Load States for  
Failure Probability Estimation  
of Automotive Vehicle Components
Philippe Jardin  
Institute for Mechatronical Systems in Mechanical Engineering, 
Technical University Darmstadt

Task Description:
An essential quality criterion for motor vehicles is their reliability. It is equivalent 
to the probability that a product works failure free during a predefined mileage 
and under given functional and environmental conditions. Furthermore, the know- 
ledge about the current vehicle component health state and the user profile is an  
essential information. It can be used for right sized design in regard of real life load 
states, the development of new operating strategies and the introduction of pre-
dictive maintenance methods. Institute for Mechatronic Systems in Mechanical 
Engineering is doing research on innovative solutions for load states monitoring 
and lifetime prediction of automotive vehicle components [1]. A major feature of 
our approach is the abandonment of additional hardware. The aim is only to work 
with series production car sensors and standardized vehicle signals in preferably 
efficient algorithms.

In context of this master thesis, the objective is to explore methods of sensor  
fusion and implement them into a microcontroller. It should then be applied to 
the vehicle with a connection to the vehicle CAN (Control Area Network) bus.  
Additionally a schematic method for the estimation of the future failure pro- 
bability should be introduced. It is based on reconstructed load states from  
sensor fusion.

Core Work:
Load states are generally used to estimate the lifetime of vehicle components in 
operational strength analysis. [2] However in series production cars they are often 
not directly available due to cost and packaging reasons. Therefore, it is preferable 
to reconstruct these states with sensor fusion methods. Additionally there is a 
further main requirement for such a system in automotive applications. For the 
deployment to the vehicle the selected methods need to be very efficient and with 
minimal computational requirements. In an experimental proof of concept, this 
work applies the introduced algorithms to a microcontroller in the car. They are 
validated with additional sensors mounted to the test car.

The load states reconstruction in different modules is shown in Figure 1. Each 
module can be developed according to its individual requirements. Kalman filters 
[3] are used where plenty of correlated and sensored states are available. Then 
against, for the description of vertical dynamics it is more efficient to exclusively 
use the dynamic motion equations. Overall, the conjunction of different modu-
les creates a sensor fusion network that enables the reconstruction of load sta-
tes for steering, powertrain and chassis from vehicle CAN bus data. By means of  
fitting additional sensors in form of side shaft torque measurement shafts, linear  
potentiometers for the vertical chassis movement and steering rack force sen-
sors, a basic validation can be accomplished. Thus, it is possible to calculate 
load states for single vehicle components like the steering rack force inside the  
steering gearbox without additional sensors.

As basis for the estimation of failure probabilities, an extended procedure on  
Miner-Haibach operational strength analysis is developed [4]. It fulfills the major 
requirement to compute the current condition of a component regarding given 
past load states and in relation to the design basis. Thus a nominal damage of the 
component is given as a result. As shown in Figure 2 the reconstructed load sta-
tes are used to create a current and future load collective and to predict a future  
failure probability. Additionally further outer influences on the lifetime of compo-
nents are considered inside the method. The basic systematic of the developed 
procedure on Miner-Haibach is shown in Figure 3. After the transfer of time de-
pendent information about load states and probability density functions into the 
estimation of a current nominal damage (left side), a computation of the failure  
robability is performed (right side). This requires the accountancy of further  
states. The probability for a failure at a certain nominal damage Dfail has to be  
determined. Besides the information about the current damage, a future load  
ollective has to be synthesized. In a first try, this is extrapolated from the load  
states history with an increasing uncertainty of the prediction with growing pre-
diction horizon. From these three states, a statement about the failure probability 
of a component in dependence of a lifetime variable T (e. g. km mileage) can be 
made. This information can be used in different ways. On the customers side new 
functions like mobile applications or individual operation strategies can be intro-
duced. The OEM can define more accurate service intervals. Additionally the infor-
mation about real life load states can be used for right sized design of automotive 
components in lean development cycles.

All in all this work introduces a sensor fusion network for the efficient recon- 
struction of load states. The application to a microcontroller shows its capabilities 
online and in real time. For future work, the complexity of the underlying models 
has to be reduced especially according to the number of free parameters. This 
enables the application to different vehicles without costly validation procedures. 
Regarding the failure probability estimation for automotive components, an expe-
rimental proof of concept has to be carried out. Furthermore the system needs to 
be extended to additional components.

Figure 1: 
Framework for the reconstruction of load states

Figure 2: 
Structure of the remaining lifetime estimationg

Figure 3: 
Estimation of the failure probability in dependence of a lifetime variable
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