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Use Cases Overview



ANSYS provides “Best-in-Class” Engineering Solutions
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ANSYS provides “Best-in-Class” Engineering Solutions
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ANSYS provides “Best-in-Class” Engineering Solutions
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ANSYS provides “Best-in-Class” Engineering Solutions
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ANSYS provides “Best-in-Class” Engineering Solutions
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ANSYS provides “Best-in-Class” Engineering Solutions
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NANSYS

Automotive
Headlamp Design
with ANSYS SPEOS

Introduction to Headlamp Design




Background

* Headlamps are an important styling component for cars for brand recognition
* New technologies like LEDs provide new challenges to manufacturers
* Comprehensive lighting studies demand advanced modeling capabilities

— Lighting components are great candidates for Multiphysics simulations
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Headlamp Modeling Challenges

High geometrical complexity, and many components
For thermal management all heat transfer mechanisms need to be included

— Convection, Conduction, Radiation — Monte Carlo
Models are large and transient (e.g. adaptive curve light)

Electronic components that may need to be investigated in detail
Released heat impacts plastic components which may affect shape and lighting performance

ANSYS Multi-Physics includes all modeling options needed to perform fast meaningful
thermal management simulations for complete headlamps

Courtesy of Saab,
Chalmers
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Automotive Headlamp Light Intensity Distribution
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Optical Tolerances — Challenging for Lens Design

Parallelstrahl

Sammellinse

Smaller Focal Length means higher
cutoff angle tolerances

LED housings have high tolerances,
glaring oncoming traffic is downrating
car safety (IIHS testing)

The lens design needs to be exact
(submicron scale)

Surfaces need to be polished
(tolerances in nanometer range)
Lens material needs to have highest
transparency
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Automotive Headlamp
Multiphysics Use Cases

Ideas for robust design concepts
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ANSYS Multi-Physics Overall Workflow

* ANSYS SPEOS will simulate the effect of sunlight on the headlamp and provide irradiation
maps to Fluent

*  ANSYS Icepak will model electronics components in detail and provide PCB Thermal
conductivities to Fluent

* ANSYS Fluent will model the full headlamp assembly and provide thermal field to Mechanical.
* ANSYS Mechanical will verify the structural integrity and predict thermal deformations.

* ANSYS SPEOS will test the headlamp for optical performance after thermal deformation.
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ANSYS SPEOS Workflow

* Original geometry is provided as CAD files.
* Optical interactions for surfaces and solids defined via measured data
* Light sources correlated with real sources such as LEDs and natural light

* Measurements can be performed for sunburn or colorimetric separation

[Optical Materials] [ Light Source ] [ Measurements ]
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Projection Headlamp

Typical projection lamp system overview
* Light begins at the LED and in the diagram below,
— Reflects across various points of the reflector

— Is shaped by the shield (typically rotates, but in this case example
would be for low beam with cutoff)

— Passes through the projection lens and any outer lens

* * Heatsink

PCB —

LED
Reflector r—\—/l

Shield normal view

Projection Lens

Example cross section of projection headlamp
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Sunlight Effects in a Headlamp

Sunburn — Sun Path Entry Concept

» Directional high energy light from direct sunlight enters the optical system

» With few protective features, this added energy can strain the current system

* May result in components changing on a level that would affect optical performance
— Warping, affecting geometrical tolerances for a sensitive optical system

— Colorimetric changes for plastic, such as yellowing if PMMA is used in the system
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ANSYS SPEOS - Solar Load Analysis

* Solar light simulations have been conducted

* [rradiation maps for solar loads at different times of the day are created as input for
the ANSYS Fluent simulation
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ANSYS Icepak Workflow

* CFD model was built using ANSYS Icepak in Electronics Desktop.
* A heatsink optimization was performed

* Three PCB layouts with thermal vias were created using ANSYS HFSS 3D Layout.
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ANSYS Icepak Heatsink optimization

* The heatsink geometry was optimized using Optimetrics Analysis in ANSYS
Electronics Desktop.

* The best balance of thermal, structural, and cost performance was chosen.
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ANSYS Fluent Analysis

* Watertight CAD workflow in Fluent Meshing was used
to create a Poly-Hexcore mesh for the Headlamp CAD
with Baffles

* Irradiation Map from SPEOS for Solar Load and
Orthotropic Conductivity Field from Icepak for PCB

* Conjugate Heat transfer Simulations were performed in
conjunction with the Monte Carlo Radiation Model
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ANSYS Mechanical — Thermal Deformation

* Temperatures on the surface are mapped using WB l' B 7 E— T om—

* Solved temperature field for steady state thermal analysis e : ﬁ:::: LN e A %:3‘::‘:”3“ e

» Performed static structural analysis using fixed support on Flart : g . 2 ‘;: 2:’:: z ‘
the Reflector and Shield : g woten z : EZI::: 7

» Deformation of the reflector and shield are exported as ety stat= Thernal et St

geometry in STL format
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ANSYS SPEOS - Lighting Performance

» ANSYS SPEOS can compare the lighting performance of original and deformed/modified headlamp

— Luminous Intensity can drastically change with deformed shield and reflector

Original Deformed
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ANSYS SPEOS - Lighting Performance

* ANSYS SPEQS can compare the lighting performance of original and deformed/modified headlamp
— Luminous Intensity can drastically change with deformed shield and reflector

— Deformations will affect pass/fail conditions of the headlamp per regulations
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ThankYou for your Attendance — Q&A

Summary:

- Glaring of oncoming traffic is safety critical — ANSYS physics
based simulations helps to optimize lighting systems

- In principle there is only one physics — every system is influenced
by all physics, also lighting by thermal and mechanics

- ANSYS SPEOS is integrated in ANSYS workbench — Multiphysics
Simulation are possible

- The use of optiSLang from Dynardo helps to reduce the
simulation effort and to automate the robust design optimization
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Software for sensitivity analysis, multiobjective
and multidisciplinary optimization, robustness evaluation,
reliability analysis and Robust Design Optimization




