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New applications like Advanced Driving As-
sist Systems (ADAS) lead to new challenges, 
such as a demand for increased resolution 
or a better robustness for a safe functio- 
nality under varying operation conditions. 
Traditional 3D simulations for single product 
components are established to handle all the 
detailed effects, but typically cannot repro-
duce the dynamic interaction of all product 
components as a system. On the other hand, 
system simulations based on concentrated 
elements like springs, masses and dampers, 
model the total product behavior, but due to 
big simplifications in the physics, the accura-
cy is limited. As a result, Bourns started to use 
a combination of both technologies, which 
helps enable accurate physics and accurate 
interaction, the basis for an application spe-
cific, balanced design.  

Steering Angle Sensor for ADAS

An example of this kind of development pro-
cess is the shown multi-turn Steering Angle 
Sensor (SAS). It is capable of measuring a 
range above 360° by two rotating magnetic 
fields. A central gear drives two satellite gear 
wheels with HF (Hard Ferrite) permanent mag-
nets, whose positions are measured by two 
Anisotropic Magneto-resistive (AMR) or Giant 
Magneto-resistive (GMR) sensors. Embedded 
software computes the absolute rotation 

angle with an algorithm based on the Nonius- 
principle. 

The performance of the sensor system is im-
pacted by the following challenging effects, 
which can be mastered with the help of the 
new simulation approach.

P  The effect of external mechanical loads on 
the housing due to its structural deforma-
tion. 

P  The influence of mechanical loads due to 
the thermal expansion. 

P  The support of the satellite gears in the spe-
cial Bourns tension frame, which reduces 
the hysteresis of the sensor, is considered.

In different applications, this list can be even 
extended by further physical aspects.

Inner Structure of a  
Steering Angle Sensor

Improving the fidelity of advanced sensor 
systems like this SAS, by combining 3D field 
simulations (FEA, CFD) with system simulation 
requires new technologies and knowledge. 
Starting with detailed structural FEA models 
for the gear motion and deformation, 3D FEA 
models for the magnetic field of the perma-
nent magnets and internally designed software 
code for the signal processing, Bourns has as-
sembled the building blocks to model all the 
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Today’s development processes for complex products in the automotive industry are supported by numerical analysis as 
state of the art. In many applications, simulations of single physical effects for individual components are performed to 
analyze and optimize the product (e.g., for mechanical, thermal, electromagnetics aspects).
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System simulation with multi-body, 3D magnetics and signal processing 

Inner structure of a 
Steering Angle Sensor
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physics accurately. The interaction of all these 
detailed models in a single 3D transient simu-
lation is – even under today’s available com-
puting resources – not feasible, especially for 
systematic variation studies. Bourns decided 
to combine 3D and system simulation based 
on the system simulator ANSYS Simplorer, 
which offers specific workflows to integrate 
3D physics simulations for the structural and 
magnetic components with the system simu-
lation approach. 

Co-Simulation & Behavior Models 

The co-simulation is a link between a 3D simu-
lation and the system simulation, in the case of 
the SAS with a multi-body simulation (MBS) of 
the gear. This link allows the designer to com-
bine detailed mechanical models with system 
models such as complex electronic semicon-
ductor device models used in controls. The 
objective of this shown co-simulation is a limi- 
ted deformation of the housing and motion of 
the gear, which results, for example, in reduced 
mechanical hysteresis.

For the design of the magnetic subsystem, and 
the choice of the magnets in material, size and 
shape, Bourns uses ANSYS Maxwell, a finite 
element tool to solve electromagnetics. 

The objective of the 3D magnetic field simula-
tion is to measure the flux density at the sensor 
in different angular positions.

Free 3D Field of a  
Permanent Magnet in the SAS  
without Additional Shielding

Based on a variation of the position angle and 
the computed magnetic flux density, a mathe-
matical description is deducted which can be 
used on the system level. This mathematical 
description is accurate as the 3D simulation, 
for example, it considers nonlinearities like 
magnetic saturation, but is 1.000 to 100.000 
times faster than the full 3D simulation be-
cause it only describes the behavior. That’s 
why it is called a behavior model or reduced 
order model (ROM).

Assembling and Optimizing  
the System 

In order to ultimately perform a system de-
sign validation of the SAS, Bourns combines 
all the physics by the integration of the 

magnetic ROMs within the system simulation 
together with the co-simulation of the gear 
and housing. The embedded software with its 
processing of the magnetic sensor signals is 
integrated through signal blocks and enables 
a holistic view to the sensor as a cyber-phy- 
sical product. 

With this complete digital model of the sensor, 
virtual design of experiment (DoE) tests can 
be performed to improve the sensor perfor-
mance by a structured approach with mini-
mum effort, considering different influencing 
factors like  

P  material alternatives
P  geometrical parameters 
P  tolerances studies e.g., dimensional limits, 

which are rarely available by physical pro-
totypes  

P  operational conditions
P  manufacturing constraints
P  alternative supplier components

The development and calibration of the virtual 
sensor models are done according to the re-
sults of detailed product validation (PV) tests 
of current serial sensors. Additionally, the 
development steps of real sensors and their 
previous generations are reproduced in simu-
lation in order to verify the models by known 
effects on the sensing performance.  

The criteria for the design tuning can be 
signal quality, manufacturing costs or ro-
bustness for varying operation conditions, 
so that each customer can weigh its indivi- 
dual requirements according to its specific 
use. Especially, for advanced applications 
with competing objectives such a simulta-
neous optimization with multiple goals, this  
approach helps to find the sweet spot much 
more efficiently. 

Summary

Through the combination of detailed physi-
cal effects in 3D simulations with the accu-
racy in component interaction as a system, 
Bourns is able to capture the real operation 
conditions of its sensors very accurately and 
fulfill challenging requirements in all kinds of 
sensor applications. The advantage of the 
shown approach of system simulation with 
reduced order models is that it enables the 
variation in the global system with all affec- 
ted product components and their interacting 
physics. As a result, the time to achieve a 
well-balanced design is reduced significantly 
with improved sensor designs for future 
requirements. n  
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Free 3D Field of a permanent magnet in the SAS without 
additional shielding


