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Introduction
No matter if it’s an iPhone, a tablet computer or a 
DAB radio, with modern technology we expect to 
be entertained and kept up to date on the latest 
news wherever we are. In the modern automotive 
industry increasingly these technologies are 
merging and the need to stay connected and 
entertained is increasingly important to the 
passengers as well as the vehicle driver.

The automotive electronics industry is exploding. It is 
an industry that is rapidly transforming, with automotive 
start-ups and new technology challengers in the 
sector such as Tesla Faraday Future, Google and 
Apple. Moreover autonomous or self-driving vehicles 
are just around the corner with even more electronics 

crammed into them. It comes as no surprise then, 
that when we buy a car today half our money goes 
towards the electronics within it. The automotive 
eco-system is clearly complex and it’s in the midst 
of the biggest disruption in one hundred years. Cars 
are becoming increasingly networked, a myriad of 
advanced driver assisted systems (ADAS) and vehicle 
information (increasingly via HUDs – Head-up Displays) 
have started to come along not to mind the demand 
for touchpad connectivity to mobile phones, tablets, 
TVs, smart apps, navigation systems, consoles, and 
dashboards. Infotainment design teams therefore know 
that reliability and enhanced capabilities in the form of 
a well-designed Human-Machine Interface (HMI) – can 
be a significant differentiator in the marketplace, and 
very much mission critical.

Introduction
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A Brief History of the Infotainment 
System
The very first radio built into a car was created 
by Galvin Manufacturing Corporation in 1930 in 
the USA and was called the “Motorola”. Later to 
become the familiar brand Motorola which we all 
know from their mobile phones, network equipment, 
and communication devices. The first “Motorola” 
was sold for $130 which, considering the inflation 
of the dollar since then, is about $2,200 today, and 
for top-of-the-line technology comes very close to 
the price of a modern built-in infotainment system! 
But of course back then it was a fortune considering 
that the Ford Model A price tag alone was around 
$550. 

The times are changing and 
Infotainment technology is fast 
evolving
We’ve all seen many technology companies appear 
and disappear over the years and often the main 
reason for them disappearing was the fact that they 
missed out on new market trends and were not 
able to stay competitive, besides being acquired by 
larger companies who extended their portfolio to 
strengthen their technology. In the manufacturing 
world, a key factor for staying on the cutting edge 
is adapting the latest technology to your product 
design so as to bring it to the market faster and 
ahead of the competition. The demand for better 
performance and functionality has been driven 
by infotainment customers wanting improved 
technologies to enable smoother panning over 
a navigation maps, better sound quality, intuitive 
interaction and even improved aesthetic design of 
devices.  This in turn requires the latest advances in 
CPU processors for data processing from the GPS 
and, for instance, inclusion of traffic status on the 
map visible to the user in real time. Not to mention 
the incorporating advances in connectivity between 
modern mobile devices or even between vehicles.

History

Image credit: Motorola Solutions
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Capabilities such as mobile phone connectivity, 
voice command, speech recognition and noise 
filtering all  require greater CPU performance and 
more electronics components to process the data 
from a radio receiver, GPS receiver, CD, DVD, 
Blue-Ray or hard disc to store navigation maps, 
MP3 songs or videos. These drives, receivers and 
other devices are either built into the same system 
or in a separate system probably in the trunk of the 
car such as a CD-changer. Hence, an infotainment 
system basically is like a small car computer just 
like your desktop or notebook at home and requires 
the same consideration for its thermal management 
performance.

The thermal environment of automotive infotainment 
systems is often more moderate compared to ECUs 
near the engine. They might simply be exposed to 
direct solar radiation but are located usually in the 

passenger compartment at a reasonable ambient 
temperature. Instrument clusters on the dashboard 
are the information part of infotainment systems, 
and they tend to face more severe situations 
because the growing number of head-up displays 
(HUDs) are located right under the windshield 
and contain lenses to project the image onto the 
field of view of the driver. In such cases the solar 
loading of these devices is probably the worst case 
thermal scenario they will face in operation. Other 
infotainment devices in the vehicle cabin can be 
exposed to the HVAC air on a winter’s day or on 
a hot summer’s day when the car is started up 
after it has been parked in the direct sun for a long 
period of time and the cabin is very hot. All of these 
situations pose real thermal design problems for 
infotainment manufacturers.

“Combining FloTHERM PCB and 
FloTHERM has helped to reduce 
the number of engineering 
prototypes we require, reducing 
cost and time to market.”
Wei-Pin Wu, Principal Engineer, 
Visteon (formerly Johnson 
Controls)

Technology
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Thermal Design

Thermal issues do not exist in isolation of course, 
and usually need to be dealt with in the context of 
overall electronic design automation processes. 
Companies like Mentor Graphics also offer a wide 
range of In-Vehicle Infotainment (IVI) embedded 
software tools for automotive tier one suppliers 
and OEMs to accelerate system design, and avoid 
development and verification delays by using 
automotive-grade hardware, optimized software, 
and proprietary IP. Mentor’s Hypervisor can be used, 
for instance, to provide the necessary security, 
isolation, and updatability of applications to meet 
the demands of consumer application integration 
into infotainment systems. In addition, AUTOSAR, 
ADAS, digital cluster, and infotainment software and 
design services can help meet the growing trend for 
further integration.

Accelerating Thermal Challenges 
in the Design of Infotainment 
Electronics Systems
Given the wide range of ambient and operating 
scenarios for infotainment systems, a number 
may not be thermally critical as an individual 
environmental operating condition, but 
electromagnetic interference (EMI) from frequency 
related components, such as the radio or sound 
system, can indeed influence the performance 
of the system such that components (or the 
whole system) need to be shielded against such 
interferences, which in-turn makes the thermal 
management design task even more challenging. 
Consider the situation where EMI shields around 
devices or chips reduce the air flow cooling to 
those components and clearly new alternative 
ways for thermal management have to be found. 
Often several thermal design iterations are required 
in infotainment system design within increasingly 
complex geometrical environments. The placement 
of components or fans must therefore be evaluated. 
The shapes and positions of inlet or outlet vent 
openings in the system as well as bringing its 
component into good thermal contact with colder 

components such as the sheet metal of the outer 
housing might solve one problem but cause other 
areas to reach undesirably high temperatures. 
Continental Automotive GmbH had to consider 
a wide range of boundary conditions for their 
equipment designs to include thermal, electrostatic 
discharge (ESD), and even chemical influences 
based on people touching the equipment, as well 
as injury risks due to potential head impacts in a 
vehicle crash (EE story). All possible changes in 
materials to make it withstand the acidic layers 

found on the skin as well as withstanding any 
impact without shattering can, for example, 
influence the thermal conductivity. Computational 
Fluid Dynamics (CFD) can evaluate these changes 
and help analyze how efficient they are at getting 
heat out of the system or shield it from too high 
solar loading.
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Environmental conditions and the influence of 
other multi-physics and electronics domains are 
challenges infotainment engineers face when 
designing high quality products. Other challenges 
may appear within a company across departments. 
Equipment design is often influenced by many 
factors in the product development process. 
Changes to the mechanical design as well as 
changes from the electronic design team can lead 
to incompatibility between the designs due to 
lack of communication between the departments. 
Hence, an effective development process requires 
good communication between the different design 
teams and if perhaps for structural or thermal 
reasons the mechanical design engineer changes 
the housing in a way that would require some 
electronic components to be moved to another 
location, or a chip has to be rearranged to a location 
with less EMI influence on it, therefore the vent 
openings may need to change to allow for better 
cooling flow, the two domains have to exchange 
information. Mentor Graphics’ FloTHERM and 

Compressing the Infotainment thermal design cycle by 8% at Continental GmbH with FloTHERM

“FloTHERM is a key component 
of our Simulation-Based Design 
Decisions strategy, ensuring 
that our thermal design goals 
are met and we can deliver on 
Continental’s simulation 
vision of Getting the 
Product Right the First 
Time.”
Dr Uwe Lautenschlager, 
Continental GmbH

FloTHERM® XT electronics cooling CFD solutions 
easily interface with the Mechanical CAD (MCAD) of 
the Infotainment System as well as with the ECAD 
world allowing easy updating of the design with the 
housing geometry for example, as well as with the 
latest changes to the PCB design so that thermal 
simulations can be rerun to determine if thermal 
management has improved or needs some further 
refinements. Bringing the two domains (electronics 
and mechanical) much closer together increases 
the communication efficiency between design 
departments and speeds up the design process 
without being surprized by unexpected changes 
that completely change the infotainment system’s 
performance.

Thermal Design
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Especially with infotainment devices that have no 
fan for forced cooling, natural convection is crucial 
and thermal designs need to consider a very 
detailed heat spreading within the PCB as well as 
accurate geometrical representations of the MCAD 
and ECAD designs. Detailed copper traces can 
influence the CFD simulation accuracy drastically, 

and fast iteration to optimized vent designs to suit 
the thermal management requirements can improve 
the product’s performance. Sam Gustafson, 
Thermal Analysis Engineer at Visteon Electronics 
Corporation shows this in his design study of an 
automotive instrument cluster (EE story).Thermally 
critical components such as a TFT (Thin-Film 

Transistor) display in the instrument cluster is 
usually expected to operate at 100% power and 
to automatically dim to preserve its integrity and 
maximize its performance. 

Thermal Design

兆水科技應用案例

https://www.mentor.com/products/mechanical/engineering-edge/volume3/issue2/visteon-automotive-instrument-cluster-design
https://megaflow.com.tw/


w w w . m e n t o r . c o m /m e c h a n i c a l page 9

Future

In his infotainment design workflow, Sam was 
able to directly import from Mentor Graphics’ 
ECAD Expedition PCB designs into FloTHERM 
XT to investigate the full thermal behavior and to 
optimize it. He found an increased accuracy in 
his simulations by using a detailed PCB copper 
representation resulting in a maximum discrepancy 
of 5% compared to measurements, as opposed 
to 14.2% with a compact PCB model. The closely 
coupled ECAD-MCAD design process integration 
of FloTHERM XT allowed him to rapidly test new 
vent designs which showed up to 8°C reduction in 
temperature on the backlit LEDs. 

Finally, Mentor Graphics’ T3Ster transient thermal 
tester hardware is the market leader at assessing 
heat paths non-destructively inside Infotainment 
Systems. This can be very powerful information to 
have in order to eliminate poor designs early in the 
development process, increase model fidelity, and 
increase product reliability. The unique coupling 
of FloTHERM and T3Ster is therefore able to save 
time and costs by cutting out the need for several 
prototyping stages.

A look into the Crystal Ball to see 
the Future of Infotainment Systems
As large displays such as in the Tesla and HUDs 
in premium cars are already a reality, OEMs and 
Tier suppliers are already working on the first 
gesture controlled infotainment systems. They will 
be released in the near future, the first models are 
already in concept cars at international auto shows. 
The next big thing will probably be a more enlarged 
HUD that spans the whole windshield including 
augmented reality (AR) and navigation information 
displayed right where the driver needs it. Showing 
information on the parking houses you will pass 

such as available parking space or warn you if you 
try to stop in a no parking zone. The possibilities are 
endless with AR and virtual reality as we currently 
can see coming into our homes with Microsoft 
Hololens and Sony’s PlayStation VR.
Ford already patented a concept for their driverless 
cars that turns them into a mobile movie theater 
(www.forbes.com). In general, the future 
looks bright for infotainment systems and the 
technologies will provide exciting new possibilities.
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Summary
The increased information requirements of modern 
cars will influence the electronics thermal design 
requirements drastically. Companies such as 
Continental and Visteon rely on thermal simulation 
tools like the FloTHERM suite for their product 
designs especially those built into vehicles coming 
off the manufacturing line, as well as companies 
designing specialized systems favored by tuning 
fans to increase the bass with the help of power 
amplifier. Thermal management tools like FloTHERM 
and FloTHERM XT allow users to: 

• Carry out detailed thermal design from concept 
to manufacture;

• Predict temperatures of components and LEDs 
used for backlighting;

• Ensure PCB temperature is within limits;
• Do sensitivity analysis to local and global 

parameters;
• Do design space exploration and optimization; 

and
• Design verification during and post design

Semiconductor vendors, tier suppliers and OEMs 
providing all types of components, sub-systems and 
systems related to automotive infotainment systems, 
can utilize thermal simulation with the FloTHERM 
suite of software as well as thermal characterization 
tests with T3Ster® to produce more accurate 
predictions and increase product reliability.
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Unravelling the Complexities 
of Automotive Instrument 
Cluster Design

Visteon Electronics Corporation‘s use 
of FloTHERM® XT for Validation and 
Optimization

By Sam Gustafson, Thermal Analysis Engineer, 
Visteon Electronics Corporation

Case Study

Visteon Corporation who recently acquired the auto-
motive electronics business of Johnson Controls Inc. 
(JCI), has become one of the world’s three largest 
automotive electronics suppliers of instrument clusters 
and vehicle cockpit electronics.  The combined global 
electronics enterprise has more than $3 billion in 
annual revenue, with a No. 2 global position in driver 
information and above-average growth rates for the 
cockpit electronics segment, supplying nine of the 
world’s 10 largest vehicle manufacturers.

In this article, Sam Gustafson, a Thermal Analyst at 
Visteon , shares the importance of the thermal require-
ments and their influence on the PCB and mechanical 
design of a cluster. In particular, how PCB data from 
Mentor Graphics‘ Expedition software can be em-
bedded inside a FloTHERM® XT simulation model to 
investigate the full thermal behavior of the instrument 
cluster and optimize it.  Also discussed is a com-
parison of the PCB layout thermal simulation using 
Thermography before full enclosure modeling.

page 11
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In an automotive instrument cluster design, where 
enclosure shape and internal complexity significant-
ly influences thermal  management considerations, 
engineers focus their attention on areas such as PCB 
structure/layout and active display dimming to ensure 
durable performance. Efficient exchange of data 
between the PCB layout, the Mechanical and Thermal 
analysis tools therefore becomes key in designing 
such systems. 

As the component most utilized by the driver, the 
vehicle instrumentation panel greatly impacts the 
driver experience and therefore consumer satisfaction, 
Visteon are at the forefront of this technology. The 
design of instrument panels (Instrumentation Cluster 
Assemblies) must optimize quality, reduce costs and 
lead times, and guarantee flawless product launches 
for their customers. Thermal integrity becomes a top 
priority, with heat dissipation the most important consi-
deration for suppliers such as Visteon. 

A typical instrumentation cluster (Figure 1 overleaf) 
consists of two analog gauges on either side of the 
unit with several LEDs, a significant number of which 
are bright LEDs. Each system has a Thin Film Tran-
sistor (TFT) display (blue section in Figure 1 overleaf), 

which can only operate 10°C above the maximum 
ambient air temperature. It is therefore critical to keep 
this component’s temperature tightly controlled. The 
cluster is then encased into housing to the dashboard 
that has limited air openings inhibiting ventilation.
When designing an instrument cluster, the most 
pertinent consideration is finding an effective way to 
overcome the temperature sensitivities of most of the 
components in the assembly. For instance, the LED 
light and color will degrade if the junction temperature 
becomes too hot for long periods of time. Another 
important factor to consider is the higher power dissi-
pation of components such as linear power supplies, 
reverse protection diodes and microprocessors. 
With automotive ambient temperature requirements 
dictating that the instrument cluster remain at an ambi-
ent air temperature of 85°C, space is limited for the 
components to operate below the temperature limit 
specified by manufacturers. 

To address these challenges upfront, various strate-
gies are applied to the design. First, working closely 
with the Hardware Engineer creating the cluster 
architecture. The Mechanical Group then ensures  the 
created architecture is thermally acceptable:  Does it 
contain unnecessary high power density areas? Is the 
generated power  being used efficiently throughout 
the system? The instrument cluster is housed in the 
dashboard; the primary route for the heat  to exit the 
system is by conduction through the PCB. Working to 
optimize the heat spread through the PCB will  make 
it an efficient heatsink before other cooling strategies 
are considered. This is made possible by changing 
the component layout as well as adjusting the copper 
content of the PCB. When possible, holes are placed 

on the back of the housing to vent the cluster. Finally, 
because of the temperature sensitivity of the TFT 
display, its brightness may be diminished at high am-
bient temperatures. This parameter is something that 
JCI and their customers work closely on together so 
that the TFT display is expected to operate at 100% 
power up to a fixed ambient temperature. Once this is 
reached, the TFT display is then dimmed to preserve 
its integrity and maximize its performance. 
Using  FloTHERM XT upfront allows designers to gain 
a better understanding of these strategies and their 
most efficient implementation.

PCB Assembly Modeling
With the PCB being used as an optimized heatsink 
for the component conduction path, it is crucial to 
model it accurately, especially when considering the 
copper content of the board. Fortunately, FloTHERM 
XT seamlessly leverages an existing board layout from 
Xpedition PCB via a *.cce file.    The direct import of 
this file (Figure 2) with the FloEDA Bridge interface al-
lows for the definition of a thermally comprehensive 3D 
model of the PCB. This model contains the traces in 
each layer based on the predefined routing as well as 
the placement, size and names of each component.  
Parts can be linked to an existing library of predefined 
thermal models, ranging from a simple block repre-
sentation to a more detailed one, along with thermal 
networks such as a two-resistor or a DELPHI network. 
The components are then swapped automatically with 
the most appropriate fit based on the user’s definition 
and match of either the package name or the part 
number.

Case Study

Figure 1. Instrument Cluster Assembly

Figure 2. PCB Assembly 3D Thermal Representation Front and Rear Views
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each of the four layers transferred from Xpedition PCB. 
An orthotropic in-plane and through plane conductivity 
is then computed based on this data. This approach 
works well for the instrument cluster overall but is 
insufficient for components relying on copper patches 
to disperse their heat. In this case, the image of the 
traces can be used to draw the outline of the desired 
copper shape and extrude the corresponding copper 
patch (Figure 4). Placing the newly created copper pad 
lower in the FloTHERM XT tree makes it overwrite the 
PCB area of interest. Thermal resistance values were 
also defined on the edges of the patch to represent 
the buffer that the FR4 creates between the detailed 
shape and the rest of the copper plane.
Being able to combine the existing ECAD data with 
thermal representations of components in FloTHERM 
XT allows the user to create the thermal analysis mo-
del quickly, saving time in the design process. 

Comparing Experimental Data and 
Numerical Results
In order to correlate the numerical results, an experi-
mental set-up of the cluster board without the housing 
was created. Figure 5 demonstrates how the PCB was 
mounted standing vertically above a table in a room 
at 24°C. The PCB was operating with the backlight 
running at nominal brightness. IR camera images of 
the cluster were generated during the test.

For this cluster design the component thermal models 
used were the simple 2R and detailed models. Figure 
3 demonstrates a detailed model of the processor 
sitting on the cluster board. This model was provided 
directly by the component manufacturer.  Once all the 
components are properly defined, the power dissi-
pation can simultaneously be allocated to each part 
from the import of a *.csv file containing the power per 
reference designator. 
Alternatively, the PCB can be modeled depending on 
how refined the thermal results need to be.  
FloTHERM XT can create an equivalent compact 
model of the board based on the copper content for 

Case Study

Figure 4. PCB Detailed Thermal Modeling

Figure 3. Component Level Modeling

A first comparison between the experimental data and 
the numerical results was done in order to validate 
which PCB modeling technique was the most appro-
priate for this model. The second technique (Figure 6) 
gives a component temperature which is within 5% 
of the measured temperature while the first modeling 
technique shows a difference of 14%. Therefore, the 
second modeling technique was chosen as a referen-
ce for this particular model.
Looking deeper, Figure 7, demonstrates that both 
the measured IR camera images and the simulated 
images compare very well, with heated areas being 
highlighted consistently between the two. A com-
parison component by component shows a maxi-
mum discrepancy of 5% with the experimental data, 
confirming the validity of the thermal analysis model in 
FloTHERM XT. 
As a result of this model being validated, the PCB as-
sembly can then be placed in the cluster full assembly 
to determine its performance in worst case conditions 
at an air ambient temperature of 85°C.

Figure 5. PCB Experimental and Numerical Set-Up 

Figure 6. Results Comparison for PCB Modeling Approach

Figure 7. Results Comparison for PCB Modeling Approach Front and Rear 
Views

兆水科技應用案例

https://megaflow.com.tw/


w w w . m e n t o r . c o m /m e c h a n i c a l page 14

Case Study
Housing Modeling
The housing (Figures 8.1 & 8.2) was designed in 
CATIA. It contains features such as screw holes and 
pointers: these could potentially increase the thermal 
analysis solution time with no gain in the level of ac-
curacy. Other features, such as the back cover holes 
were important to keep as they allow some airflow 
movement inside the cluster. The mesh settings were 
therefore defined so that the 2mm hole opening would 
be captured appropriately by a minimum gap size 
setting applied to a local mesh region. The remainder 
of the mesh was set-up automatically and was able 
to capture all the relevant details such as the PCB, its 
components and the housing as well as the critical 
heat transfer paths between the PCB and the housing. 

Figure 8.2 FloTHERM XT Simplified Housing Assembly

Figure 9.1. Original Venting Pattern

Figure 9.2. Wider Venting Pattern

Figure 8.1 CATIA Original Housing Assembly

Figure 9. Thermal Analysis Results

There is a fairly high temperature distribution (Figure 
9.1) on the components along with recirculation zones 
in the cluster,  highlighting issues with the airflow distri-
bution. This venting pattern does not  provide effective 
airflow movement inside the cluster to cool the PCB 
efficiently. To improve that, the venting pattern was 
modified in FloTHERM XT to add openings and also 
make them slightly wider. This design change can be 
easily implemented using sketches which are then 
extruded to remove material from the housing. The 
results of this design modification are displayed in 
figure 9.2 and emphasize that the airflow distribution 
was improved,  allowing components to operate at a 
lower temperature. It can also be noted that the PCB 
temperature decreased accordingly.
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Turn it up! 
Thermal Simulation for the Design of 
Automotive Multimedia Systems

Continental‘s Automotive Group, a system supplier for 
international automotive OEMs, has three divisions: 
Chassis & Safety, Powertrain and Interior. The division 
“Interior„ is itself split into four business units: Instru-
mentation & Driver HMI; Infotainment & Connectivity; 
Body & Security and Commercial Vehicles & Aftermar-
ket.

The business unit Infotainment & Connectivity covers 
Radios, Connected Radio & Entry Navigation, Mul-
timedia Systems, Telematics, Device Connectivity, 
and Software & Special Solutions, with a particular 
emphasis on Entertainment, Information, Navigation 
and Communication.

One of the greatest challenges for automotive multi-
media systems is that they have to operate under a 
wide range of environmental conditions: 

• Temperatures ranging from -40°C to +100°C
• Wide range of power supply voltages (~4.5 to 

16.0 V)
• Superimposed alternating voltages
• ESD polluted environment (ESD = Electrostatic 

Discharge up to +/-15 kV)
• Full range of humidity (0% - 100%)
• Chemical influences

And with stringent design criteria:

• Mechanical strength and stability (static /dyna-
mic): Vibration & mechanical shock

• Strong limitations on size and weight 
• Strong requirements regarding risk of injury (Head 

Impact) and product liability

Case Study

by Dr. Uwe Lautenschlager
Continental Automotive GmbH
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Examples:  
1. Tuner-Module Modeling
This can be modeled as a single block with homo-
geneous power dissipation distribution, as a detailed 
model with all of the internal electrical components 
and shielding represented, or anywhere in between. In 
Continental‘s experience, a simplified model is often 
sufficient within a complete system analysis. However, 
conclusions on the internal component temperatures 
are drawn from a reference simulation as depicted in 
Figure 1.

2. Chassis Model Verification
A part of the chassis is used as a heatsink for ampli-
fier cooling. An important aspect of the chassis is the 
extent to which the brackets on the top and bottom 
covers are in thermal contact (related to manufacturing 
tolerances). Verification of modeling assumptions is the 
key to improving model fidelity. Therefore, a prototype 
of the product was measured and the results used to 
compare against the simulation model. Scenario 1 (g1) 
considers the gap to be fully closed (perfect thermal 
contact) whereas Scenario 2 (g2) has a gap of 0.3mm, 
so there is effectively no thermal contact between the 
covers. By comparison with the measured case tem-
perature the results for Scenario 2 (with gap) seems 
to be the best representation of the bracket‘s contact.

Case Study
A World Away from Physical Proto-
typing 
Designing systems to meet such requirements requi-
res much more than physical prototyping after the 
design is complete. Indeed, Continental‘s simulation 
vision is to “Get the Product Right the First Time

„
, and 

their strategy to achieve this has been through Simula-
tion-Based Design Decisions. As a result, simulation is 
now very highly integrated into the design process.

Continental undertakes full 3D system-level modeling, 
with all thermally-relevant and air flow parts included in 
the simulation. The geometry representation is based 
on mechanical CAD data, with export/import of all 
relevant parts and modules from the CAD-System. 
However, the geometry representation can involve 
both simplification and idealization. The complexity 
used depends on the simulation objective: less detail 
would be used for the analysis of various initial con-
cepts, whereas more details would be included in the 
model for a mature design.

“Know-How„ - Continental‘s Com-
petitive Edge
Continental has developed considerable 
in-house “know-how

„
 associated with building and 

validating thermal simulation models (FloTHERM™ 
models) of their complex electronic systems and 
sub-systems, covering both the physical hardware, 
and potential cooling solutions.

Uncertainties arising from the various unknowns at 
each stage in the design process, modeling assump-
tions and simplifications are mitigated through validati-
on, as the following two examples illustrate.

 Hardware-related
• Housing: 1-DIN, 2-DIN, customer-specific
•  CD-, HDD-, DVD-Drives (ROM, Video), Changer
• Shielding frames
• Front displays (CCFL-, LED-Backlight)
• Connectors and cables
•  Components: Main-CPU, Processors, Memory
• PCBs
• Modules: Power Supply, Drives, GPS, Telephone, 

Amplifier, Tuner,  Display, etc.

Cooling solution-related
• Fan (type, characteristic curve, direction)
• Contact resistances (conductive paste, etc.)
• Vents, filters (free area ratio, pressure loss)
• Heatsinks, heat pipes, heat spreader
• IC Packages (type, size, thermal model type)
• Thermally conductive gap pads, etc.
• Environmental conditions
•  Power dissipations
• Location of sensors for measurement

Single Block (System-Level) and Detailed (Reference) 
Representations of Tuner Module

Multimedia Systems with Audio, Navigation, Internet, Telephone, TV & Rear-Seat Entertainment 
Functions
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Case Study

Beyond High Fidelity Simulation
Continental‘s focus on simulation does not stop at 
building and validating thermal models. Design decisi-
ons made to improve the thermal design can impact 
the mechanical, electrical, and EMC performance 
of the product. Faced with this problem, a major 
question facing Continental‘s designers is: “How can 
we achieve design flexibility and enable better design 
decisions before the freedom for such decisions is 
eliminated?

„

The answer to the challenge requires analysis of the 
product’s behavior for all disciplines as well as the 
identification of independent and coupled system 
variables. Multidisciplinary Design Optimization (MDO) 
techniques with simulation, optimization (with dis-
cipline-dependent objectives and constraints) and 
Design-of-Experiments (DOE) & Response Surface 
Methods are suitable means to solve this design prob-
lem. Indeed, DOE tools are the foundation for concept 
exploration and robust design. Two major aspects of 
DOE are the planning and statistical analysis of the 
numerical simulations.
The possible number of discrete and continuous 
design variables is extremely high. Screening simula-
tions support the selection of the major factors (design 
drivers) to be included as design variables in the MDO. 
Even so, the computational effort required can be 
immense. 

Sequential Concept/Design Improvements from MDO for Multimedia System

Sequential Design Improvements
Changes that improve the overall design, i.e. the com-
promise between the product‘s mechanical, electrical, 
and EMC performance, and additional constraints 
such as temperature limits, manufacturability or cost 
allow sequential improvements to be made. For each 
discipline these improvements can be visualized as 
improvements against the base design. In the case 
of the thermal design, these can be visualized as 
changes in monitor point temperatures that match 
the locations chosen for sensors that will be used to 
instrument the physical prototype.

“FloTHERM is a key component 
of our Simulation-Based Design 
Decisions strategy, ensuring 
that our thermal design goals 
are met and we can deliver on 
Continental’s simulation 
vision of Getting the 
Product Right the First 
Time.”
Dr Uwe Lautenschlager, 
Continental GmbH
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Case Study

Business Benefits
Modern radio and navigation systems, i.e. multimedia 
systems, for automotive applications are highly com-
plex systems with a large variety of mechanical and 
electrical components and assemblies. The design 
of these automotive multimedia systems has to fulfil 
requirements from mechanical stability and thermal 
management to electromagnetic compliance and 
optical homogeneity and therefore requires the interac-
tion of mechanical, electrical and software engineers. 
Interdisciplinary knowledge is essential.

Continental has to react quickly to changing customer 
requirements. Products have to be developed with 
regards to customer confidence and quality, costs and 
design time. MDO has been found to be a suitable 
means for finding better design solutions 
in a multidisciplinary environment. Simulation supports 
knowledge generation and a deeper understanding of 
product behavior at lower cost, in shorter time 
and with increased product flexibility, leading to increa-
sed customer confidence in our products.

“We selected FloTHERM™ for several reasons but primarily for its 
robust solution capabilities. FloTHERM’s object-associated Cartesian 
meshing is instantaneous, fully automatic, and most importantly 
guarantees a mesh that produces accurate simulation results 
even when geometry changes are made to the base model. This 
is something we absolutely need for our Multidisciplinary Design 
Optimization (MDO) activities. Not to mention its modeling and result 
evaluation capabilities that in total simply made it the best solution for 
us.”
Dr Uwe Lautenschlager, Continental GmbH
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