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For more than 13 years of application, Bosch has been gaining an extensive experience of parametric optimization 
and stochastic analysis in virtual product development.

ROBERT BOSCH GMBH – 
FIRST KEY USER OF OPTISLANG

TITLE STORY // OPTISLANG & RDO AT BOSCH 

Methods of CAE-based optimization and stochastic analysis 
have become key technologies in parametric simulation. Thus, 
designs can be already tested and improved under the con-
sideration of scattering properties in the development phase 
in order to reduce the number of hard ware tests and time to 
market. Beside parametric CAE models, state-of-the-art algo-
rithms, a high degree of automation and the availability of 
powerful hardware is a crucial requirement for a successful 
implementation of parametric optimization in CAE - processes.

In an interview given in 2004 (fi rst published in Simulation, 
1/2004, page 78-79), Roland Schirrmacher (Corporate Sec-
tor Research and Advance Engineering at Bosch) defi ned 
the requirements for CAE software as follows: 

The most important criteria are the functionality and the fea-
tures of the software followed by operating stability and user-
friendliness. The complex industrial tasks require sophisticated 
methods using various approaches and achieving a signifi -
cantly improved design with a minimum number of iterations.

At that time, Mr. Schirrmacher said about the application of 
optiSLang at Bosch: 

In the fi eld of optimization, all methods implemented in op-
tiSLang have been used successfully. As a fi rst step, a Design of 
Experiment (DoE) scheme is often generated to obtain initial 
information about component behavior from the response 
surfaces and to possibly eliminate unnecessary parameters. 
Utilizing these response surfaces, several improved designs are 
simulated afterwards by using gradient or evolutionary strat-
egies. These can be taken as starting designs for a gradient-
based optimization or as an initial population. This procedure 
has proven especially successful in an optimization using im-
proper initial designs and under highly nonlinear conditions.

The graphical user interface of optiSLang is designed intui-
tively and does not make high demands on the user provid-
ing a step by step procedure of necessary input. The most 
complex part of the task defi nition is to build the parameter-
ized model and to connect all programs or commands associ-
ated to the workfl ow in one script. Bosch insisted to reference 
only this script during the development of optiSLang in order 
to guarantee the fl exibility for a variety of tasks.

Robert Bosch GmbH was the fi rst key customer in the in-
dustrial use of optiSLang. The application started in 2002 

as a research project and since has been developed over the 
years to an integral part in the virtual development process 
at Bosch. Applications include et al.: 

 • Simulation of loads and durability regarding electric 
drives in vehicles

 • Simulation of the behavior of design elements exposed 
to thermal loads

 • Reliability analysis
 • Realistic simulations of dynamic designs including mate-

rial models
 • Robustness evaluations toward scatter, such as manufac-

turing tolerances
 • Parameter identifi cation for the calibration of material 

models
 • Optimization and robustness evaluation during the sim-

ulation of mechanical systems
 • Virtual product design
 • Sensitivity analysis of product life based on parametric 

models
 • Multiobjective optimizations

In May 2015, Dynardo visited Mr. Schirrmacher and two of his 
colleagues in Stuttgart to take stock again regarding the use of 
optiSLang and the cooperation between Dynardo and Bosch.

Since when have you been using optiSLang in the product 
development process at Robert Bosch GmbH?
The test phase of optiSLang started in 2002 with basic research 
and setting up software tools like ETK, optiPlug for ANSYS or 
Optiqus-Plugin for coupling parametric CATIA-Models with 
Abaqus/CAE. After this phase was successfully fi nished, we be-
gan to implement the software into the product development 
process at Bosch. The fi rst fi elds of application dealt with injec-
tor development and power tools. Meanwhile, optiSLang has 
been utilized in almost all business units of Bosch.

What were the reasons for Bosch to decide in favor of 
optiSLang?
optiSLang was chosen out of three software products after 
a benchmark in the automotive industry in 2001. At that 
time, a major reason was that optiSLang had already imple-
mented all essential methods, for example, Design of Experi-
ment, meta-models or procedures of optimization, robust-
ness and reliability. This also applied to the design variable 
types which could be processed ranging from binary to real 
and integers. Another reason for our decision was that Dy-
nardo allowed us to directly infl uence the software develop-
ment combined with a fast and service-oriented support. The 
contact with the development department and the resulting 
short paths of communication are still reasons for the close 
and successful cooperation. We also appreciate the fl exible 
and open licensing models provided by the company.

What are the most important applications of optiSLang at 
Bosch? 

The fi rst fi elds of application were in structural mechanics 
combined with the CAE programs Abaqus and ANSYS. Later 
projects were added in electrodynamics, fl uid dynamics 
and thermodynamics. In recent years, optiSLang has been 
increasingly used regarding multibody simulation models 
as well as system models from Matlab or AMESim. Besides 
the application to product development, optiSLang is often 
used for parameter identifi cation of material properties. Also 

in the advanced development, optiSLang workfl ows are im-
plemented for model development, pre-standardization by 
tolerance analysis, functional analysis as well as robustness 
evaluation. In the design of electric motors, optiSLang is part 
of the standard process for sensitivity analysis, optimization 
and robustness evaluation of, for example, eccentricity, brush 
running or other motor characteristics. In collaboration with 
the manufacturing, investigations of production tolerances 
along with evaluations and data analyses regarding correla-
tions and parameter dependencies are conducted.

Which methods and workfl ows are used most intensively?
The most common applications are sensitivity analyses and 
robustness evaluations. optiSLang is also increasingly used 
for the generation of meta-models in order to effi ciently de-
scribe the phenomena occurring in complex and extensive 
simulation tasks, to use them in system simulation as well 
as to draw conclusions for the optimization. During the ad-
vanced development process, sensitivity analyses regarding 
scattering parameters are conducted for a better product 
understanding and for setting the base to conduct multi-
objective optimizations.

What are the main benefi ts from the use of optiSLang in 
the virtual product development at Bosch?
By using optiSLang, we obtain a much better product under-
standing regarding the product robustness, sensitivities as well 
as the potentials for optimizations and their boundaries. Thus, 
we can specifi cally improve the product performance during the 
development stage to come up with an already optimized initial 
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sample saving a lot of time and money in prototyping. In com-
plex multi-domain application, optiSLang also fi nds optimal 
designs which have not been found by experts. By taking into 
account scattering effects, which is hardly or not at all possible 
in hardware tests, we can determine and evaluate product ro-
bustness and limiting samples a lot more accurately and faster. 
The saving of extensive tests regarding product life and durabil-
ity especially accelerates our development process considerably.

How important are the issues of process automation and 
integration? 
Due to the importance of these issues, there has been a coop-
eration to improve process automation and integration ca-
pabilities in optiSLang between Bosch and Dynardo for quite 
some time. The main benefi ts are the control of system com-
plexity and the standardization of the workfl ow manage-
ment. Here, the intention at Bosch has always been to have 
a one-software-solution for all the different CAX processes. 
The multi-functionality of optiSLang has fulfi lled this expec-
tation. The aim is to generate interfaces for process integra-
tion with little programming effort. The implementation of 
simple standard templates must be possible without special 
knowledge. This is the only way to cope with the rising de-
mand for simulations by the same human resources.

What other areas of application in the product develop-
ment at Bosch can you imagine in the future? 
In the future, we consider improvements in the visualiza-
tion of correlations and results, for example, Pareto fronts 
in multi-objective optimizations, as an expandable applica-
tion of optiSLang. In addition, the software will be increas-
ingly used in sensitivity analyses of signals. Also the issue 
of meta-models is of crucial importance in order to obtain 
greater effi ciency and opportunities in the approximation 
and evaluation of, for example, several operating points or 
characteristics. These meta-models can be stored as basis 
product knowledge for further modeling. 

How important is the issue of Robust Design Optimization 
at Bosch?

Robustness of designs is a very important issue for Bosch. 
Proving the design robustness during virtual prototyping is 
one of the most important applications of optiSLang, be-
cause the optimal nominal design does not represent an 
optimum in reality. However, the automatic combination 
with optimization procedures make high demands on the 
parametric modelling process. Today it is only applicable for 
some modules but not for the whole CAX portfolio. The quali-
fi cation of parametric modeling and the automation of CAX 
processes as requirements for a more frequently use of Ro-
bust Design Optimization will be an important point on the 
agenda for the next years.

Which “bottlenecks” appear during the implementation of 
robust design optimization with optiSLang today?
We are constantly working on expanding and assessing our 
product knowledge regarding scatter conditions in manufac-
turing, material properties and environmental circumstances. 
In this process, a close cooperation between development and 
manufacturing departments plays a major role. Respectively, 
the interfaces between CAD and CAE process parameters and 
the transfer of geometric tolerances must be further improved 
and optimized. Another key point is the availability of effi cient 
and powerful hardware in the CAE process in order to keep 
the overall response time as moderate as possible. In this con-
text, it is still a major challenge to handle the complexity of 
3D parametric CAE modeling. This includes constraints, loads 
and contact as well as the associated model size taking into 
account meta-models and a high number of parameters. Here, 
the license models of all commercial CAE codes used must en-
sure a simple availability of parallel computing and processes, 
storage management as well as bundling of calculations.

What can Dynardo do to overcome these obstacles? 
In this context, we expect from Dynardo further development 
and improvement of automatic generation of best possible 
meta-models out of simulation or measurement data bases as 
a very important strategy of reducing the complexity of CAE-
based simulations. In order to minimize the manual transfer of 
parameters or processes, the approach of generating transfer-
able, reusable template structures inside optiSLang should be 
expanded. Here, of course, the compatibility between platforms 
and interfaces plays a crucial role. Also, the increased complex-
ity of post-processing much more parameters, responses and 
objectives must be constantly monitored regarding the preven-
tion of a decline in the software’s performance capacity.

Author // H. Schwarz (Dynardo GmbH)

The interview was given on Mai 13th in 2015 in Stuttgart by:
Dipl.-Ing. Roland Schirrmacher 
Corporate Sector Research and Advance Engineering 
Dipl.-Ing. Henning Kreschel
Diesel Systems, Common Rail Injector Development
Dr.-Ing. Olaf Schönrock
Advanced Development
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