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Objective

* Generation of design understanding
for the light guide of an airbag control
light to optimize the homogeneity of
the luminance distribution in 0° and
30°
- Transparency of the optimization process by

simulative and statistical methods
- Saving time, human & material resources




Motivation

e Adaptation to current requirements
- Short product development times
- High demands on performance and robustness

* Complex optimization process of optical systems
- High complexity regarding a high number of parameters or elements and production characteristics
- Interacting, non-linear input parameters

* Classical procedures

- Often not effective for multiple dimensions, correlations or interactions between parameters, or
non-linear behavior

- No transparency of the optimization process and further possible solutions
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State-of-the-art

* Gradientbased method (Damped Least
Squares)
- 1 solution

e Evolutionary Algorithm
- Multiple solutions

* No transparency regarding
- The approach
- Existence of further suitable solutions

* Optimization regarding the
performance without consideration of
robustness

Performance of the

optimization objective

Robust Optimum

Deterministic Optimum
] | l ] |

Variation of the input parameter
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Reference Design

* An optical analysis of a light guide is
performed in Ansys SPEOS with
Ansys optiSLang

* Aim: obtain a homogeneous lit

appearance, represented by RMS
contrast, detected in 0° and 30°

=il Q

RMS contrast = Var.coeff.=

* Optimize the shape of the light
guide to get the best RMS contrast
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Reference Design

0° 30°

Light
Guide
" i
RMS=0,7 L=1005<; RMS=124 L=474
—
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RMS=0,83 L=906—  RMS=115 L=197 <5
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Process Integration

e Evaluation of the luminance distribution with Symbol_0°_cross1 (local)
responses Symbol_0°_cross2 (local)
- RMS contrast
- Average

e Simulation of 100 designs
* Analysis based on 2:108 rays

* Parameter ranges
- R1-Radius: [0.1 -1 mm]
- R2 —Radius: [5—14 mm] Symbol_0° (global)
- R3 —Radius: [1—-20 mm]
- R4 —Radius: [1.1 -5 mm]
- R5—-Radius: [4—16 mm]
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Sensitivity Analysis - Results

Total effects

e CoP —measures how good
regression generalizes for unknown

d ata symbol_0Odegree__Average

71.1 %

symbol_30degree__Average

116.2 %} 198.9 %

4.8 % 96.9 %

® Ve ry h |g h m Od e I a CC u ra Cy Symbol_30degree_ RMS_contrast |

& P
Symbol_0Odegree_ RMS_contrast .
|

<

91.4 %

76.0 %

* R3 and R5 most important
parameters

: BE

Models

Lightguide_30degree__Average 64.5 % 8.8

9.6

Lightguide_0Odegree__ Average m 20.9 %

98.9 %
96.9 %
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9 RedUCtion Of the number Of LightGuide_30degree_ RMS_contrast ) J |
parameters from five to two . S

. . LightGuide_Odegree_RMS_contrast | 2.6 % 96.6 %
Important inputs - . .
R1 R2 R3 R4 R5 Total
Paranieter
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Sensitivity Analysis - Results

* Correlation Matrix g
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Sensitivity Analysis - Results

* Correlation Matrix & M H } B .
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Sensitivity Analysis - Results

 Metamodel of optimal Prognosis (MOP)
- Best fitting approximation of response variables depending on most important parameters

- Interactions between R3 und R5
- Different positions of minima

RMS CoPtrastsymbo,_oo RMS cqnt_rastSymbol_30° AVerageSymboI_30°

0.84

RMS_contrast

0.82

0.8 -

0.78

Symbol_0Odegree
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Sensitivity Analysis - Results

100 ( unfiltered ) of 100 ( active ) designs ( total : 100 )

R1 | R3 | R5 |Symbol 30degree_ RMS _...|Einziel
| R2 | R4 'Symbol_0degree_ RMS_c...|symbol_30degree__
1 14 20 5 16 0.852721 1.14749 912.098
=) ) m o) )
AN Y -
7 N7 N- : S
N ’ S R S z
///, \\\\\V /I""
‘3:‘\ .\\ .ﬂ‘ ‘Q"‘,/N/ @ & A
“\\. // «\\ ' /4/;;_" @ o
N Sl
SN X
S =
g’!”}' ;\4‘:.‘\'}' S g
z ‘\rfx\v_\
.11«, ”"‘-' “'\\ \\ .
Ko AR e S S
Ll/ *‘\\\a ,,,,/.ww-\\ :
/7/' o v -. =
,,/ \\\ "::, / N\ 3 A
77> \\\\ D A\\
;I/A\\)\u » >N : - :
&) ) & ) &) - ) &)
0.1 5 1 1.1 4 0.754598 0.809435 7.02062
Input Parameters Responses Objective

— \nsys

©2021 ANSYS, Inc. / Confidential



Sensitivity Analysis - Results
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Sensitivity Analysis - Results

o
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Sensitivity Analysis - Results
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Interim conclusion

 Sensitivity Analysis — calculation of 100 designs
- RMS contrast usable for a basic homogenization
- Single extremes of local luminance persist
- No conclusion about local luminance possible with single scalar value
- Reduction of design complexity:
» 2 of 5 input parameters have to be considered for optimization
» 3 of 8 global responses used for defining the criteria

RMS contrastg, o ¢c+ RMS contrastg o 30 =2 min.

Averages .o 300 2 300 cd/m?
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Field-dependent homogeneity evaluation

* Analysis of spatially and temporally
distributed data like FEM data or signals

* Analysis of the parameters influence &
position with F-CoP

Symbol 0°

e Evaluation of local luminance variations in the
measurement range to account for local
luminance extremes

* Local luminances most influenced by
variation of R3 and R5

* Very good approximation quality:
- Symbol 0°: F-CoP,,, = 97 %
- Symbol 30°: F-CoP,,,, =96 %
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Methods Comparison

Symbol 0° Symbol 30°

Scalar optimized with Ansys
optiSLang (startdesign from

Sensitivity Analysis)

Spacially optimized with Ansys

Statistics on Structures




Optimization

Light Guide 0° Symbol 0° Light Guide 30° Symbol 30°
RMS =0,7 RMS = 0,83 | RMS =1,24 RMS =1,15
Ref. design

b o
RMS =0,35 > -72%.  RMS=0,81 - -30%

RMS =0,852> +21% RMS=0,77 2 -7%

Opt. design

RMS Contrast Lichtleiter 0°

7 =1 Kb

RMS_Contrast_Symbol_30°
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Summary

» Determination of correlations and interactions for better design understanding
* Transparent optics development process

 Particularly suitable for gaining a fundamental understanding of complex facts
* Solutions independent of experience

* Design selection in terms of performance potential and sensitivities for optimized
and robust design at the same time

* Added information value with reduced number of designs = save computation time,
resources and costs
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