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Introduction to Ansys optiSLang

. Robust design optimization of a light guide

. Optomechanical Workflow with OpticStudio STAR module, Ansys Mechanical & optiSLang

How to get started
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Introduction to
Ansys optiSLang

Ansys optiSLang - a tool for Process Integration and
Design Optimization (PIDO)

Ansys
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Ansys optiSLang WO ST

Process Integration, Simulation Workflow Building & Automation
CONFERENCE
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Process Integration: SPEOS & optiSLang w ST

CONFERENCE

A) optiSLang inside Workbench B) Workbench inside optiSLang
& Ansys SPEOS
- A
| L » ._]
2 E Geometry v 4 @
3 Simulation Task &

Ansys SPEOS inside Ansys Workbench

+4 [pd Parameters

. SPEOS I C) Direct integration via scripts
(pd Parameter Set | 5 SPEOS for NX
| e ——
NKLGEDmeJtry SF:EOSCDT'E Realzling Re;ults
& Ansys SPEOS

ol B

Input_Parameter Geometry_creation SPEQS Solve Reading_Results
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nsys SPEOS simulation driven by optiSLang
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AL — I~ — A E
%/ " Unnamed project - optiSLang - [m] x
File Edit Project View Help
EE B T L X WAl
Modules QF x : * Unnamed profect O Waards & x
earch for | I
Scenery i @ .
. . Systerms - ;‘ Solver wizard ‘
. Process chain elements | T — |
1Zar rrven o %
‘ Sensitivity wizard
! Metamodelling
. . T
integration for 4D o
Calculator
L[] Aa Robustness wizard
automatic
Ag Reevaluation wizard
Monitering
WOTrKTIOW e
4
. Postprocessing .2 Geometry v 4
eneration e
—~ L =
V:_, VCollab (Beta) htGuide —>» 4 | [p) Parameters -
™ Advanced SPEOS
* Easy setup of P e
&=
F Tpes |lpJ Parameter Set
. . . . =
sensitivity analysis | p= |
hd Utilities
. . . E;) VVorkbenQy—node:
s Data Receive .
al Id Optl m |Zat|0| | “ connection to the reference
C% et s Workbech-Project
-~ v
(T < >
|8° |, Design Export Message log a x
Date Time Log level Actor Message ~
I’a“ Raw data export 1 2020-5ep-14 11:22:55.215138 INFO E 3 LightGuide Use existing registered files item: f2c3f964-529e-44edB-bcf2-9dd2ce2cblsd
2 2020-5ep-14 11:22:55.219138 INFO 2 LightGuide Use existing registered files item: eedalaSb-8501d-475d-ad%af-561753eeeefd
& Ravedata " |3 2020-Sep-14 11:22:55.215138 INFQ P LightGuide Use existing registered files item: 8b764071-3305-4abe-b4d7-a027%%5ac5ed
aw data impol
_I! 4 2020-5ep-14 11:22:55.219138 INFOQ E 4 LightGuide Use existing registered files item: 865a8500-34le-4fef-9la7-edeS5aS8£22cS
3 2020-3ep-14 11:32:55,203525 INFQ » LightGuide Use existing registered files item: Te3d58731-6343-4472-bE0a-badb3L737dLL
& 2020-Sep-14 11:22:55.20352% INFO ? LightGuide Use existing registered files item: 2ae33345-1f8b-4e3%-alfe-d%adaleldbd?
7 2020-Sep-14  11:20:41.874395 w0 @ LightGuide Use existing registered files item: £2c3f364-529e-dded-bcf2-56d2ce2cblas v
Left-click to select nodes. Double click to edit a node. Zoom in and out with Ctrl+mouse wheel.
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Design Understanding Design
Improvement p = \nsys
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Ansys optiSLang User Concept

* No expertise in choosing settings or algorithms needed
 Minimal user input due to wizards (sensitivity, optimization, robustness)

Easy building of workflows with drag & drop

* Customization of postprocessing, integrations, algorithms etc.

\nsys
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. -0 x I— Optirization Wizard

PO T A Optimization method

5 anslysesystemes

= L Specify the optimization method
= Epmpanenbensysteme

- A
= Berwtrerdefinkrie Systema _m'm
1 ) Optimization method

B Eorstnuktionsuntirsscthung 2 6 Archss
_ - = * Response surface method
1 eplisLang = 1 [ Parameter

[ Adaptive Respanse Surface Method (ARSM)

Machanical APTL o e

B R

Natural inspired optimization algorithms

O Evolutionary Algorithm (EA) - local

O @ Evolutionary Algorithm (EA) - global

O Partide Swarm Optimization (PSO) - local
i L] = L = b o Partide Swarm Optimization (PSO) - global
2 ¥ DOE P =2 # Ea . 1 ﬁl Sensltlvltv | o Stochastic Design Improvement (SDI)

Gradient based optimization

@)

3 MOP F T 3 £ Resuls r 1
4 & Resulks r Evelutionary Akgarithm |
Sansitrity . " ’ \ . .
= e
N — pP B
- Additional options

B

OSC” |at0r 5 SOlVer Output ﬁl es Use Previous Data As Starting Point(s)
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Robust design optimization
of a lightguide

Ansys



Lightguide feature Applications

Daytime running light

Side mirror

Lightguide

©2021 ANSYS, Inc. / Confidential
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Initial Design
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Light Guide Parameters
Send light in Optical Axis

Intensity distribution oo || Regulation

Status: passed

Minimum MARGIN: 31 %
Maximum MARGIN: 403 %

Lit appearance

Cross section analysis

cddma

1500000

1000000

500000

mrn

Area Value Rule Test Target Margin
5D-20L 201.271cd 5D-2 >= 40 [40] 403.2 %
. " - i i i i H-20L 228.925 cd
End angle control poirts {6} Trimming ratio control poirts (6)  Ery e
- 5D-10L 352.666 cd
Position Value Position Value H-10L 335.432 od
5U-10L 293.542 cd  5U-1
3 I 8.3 [ 0% 30 H-5L 526.97 cd 5L
10U-5L 322.759cd  10U-
- 5 5D-V 552.011¢cd  5D-
3% 36 3% 20 HV 584.774 cd
X " SU-v 513.487cd  5U-
10% 11,:" 0% 20 10U-V 388.577 cd  10U-
. . H-SR 527.44 od 5
0% 12,5 0% 15 10U-5R 379.167 cd  10U-
5D-10R 340.935 cd
E-E' i:- 14 4 55 L 5 H-10R 366.825 cd
' SU-10R 347.17 od
- - - 5D-20R 132.631 cd
100 % 1 E—. ¢ 100 % 0 H-20R 142.07 cd
5U-20R 143.007 cd  5U-20R_1 (passed) >
Homogeneity

Luminance:
RMS contrast: 1.63
Average : 159 kcd/m?
Minimum : 529 cd/m?
Maximum: 1 333 kcd/m?

— \nsys
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Multi-objective optimization of the lightguide W ST
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* Achieve photometric regulations for a daytime running lamp,
consider national and customer specifications

* Obtain a homogeneous lit appearance

13 © 2021 ANSYS, Inc. / Confidential



DOE & Sensitivity Analysis

Understand the “what happens if?”

Understand your possibilities:
* Take a deep look at the space of opportunities

* Learn which design parameter is important
and how to define the goals and the
limitations to find the right way

\nsys

WOST

CONFERENCE

Sensitivity Analysis

Understand the most important input variables

Metamodel of
Optimal Prognosis

Latin Hypercube i ) Parameter
Sampling L2 : : importance

Automatic workflow with a minimum of solver runs to:
Identify the important parameters for each response
Generate best possible metamodel (MOP) for each response
Understand and reduce the optimization task
Check solver and extraction noise

— \nsys
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* Best practise workflow

SENSIFIVIRE ANALES]S OPTIMIZATION

Optimized
Design

DOE Metamodel Validation

Objective Data History

] ===t
o
o ‘ Best design (calculated)
o | Gradient design
» \.‘? DI]']ITIIZET 2* ‘ — History (OBJ: Objective)
0 ® Objective design
g |
g
25
=]
B 3 - A | IRUIPRTSS
- X ﬂ | P—p 2 50 / o
. mm .‘.‘
W | Ogr ‘ o
- . n | | [ 3 A e,
~NL {
MOP MCIF' SI:-I'u'er F'DEtFII‘CuEEIng P | [
~N
it
n |
sl é« _‘

Optlm\zatlon Deslgns

— \nsys
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Parametrization WoOST
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Inputs:
- trimming ratio at 5 control points of prisms on the lightguide

- width of the prisms
- start angle of the prisms
- end angle of the prisms at 6 control points over the light guide

Outputs:
* RMS contrast
* Average [cd/m?]

*  Minimum [cd/m?]
* Maximum [cd/m?]

Objective:

* Minimize RMS contrast

* Maximize average luminance

Constraint
e Number of failed Rules =0

16 © 2021 ANSYS, Inc. / Confidential



Results Sensitivity analysis

e Metamodels

RMS_contrast

0.65 -

0.55 -

0.45 -

0.35 -

0.25

0.15 -

©2021 ANSYS, Inc.
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- 1.65

- 1.55

- 1.45

r 1.35

= 1.25

- 1.15

Average [1e5]
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e Postprocessing of the sensitivity analysis in optiSLang

File Edit View Windows MOP Help

M s = - . |
FEY OwQ DHM - 8¢ 98 &-
& x - ] & x
Conmen sstngs # Response surface 3D plot =IB]]]. Residual plot = |[a][x] | Eneferences ;
(A) Hide dimension selection Isotropic Kriging approximation of RMS_contrast .’ OUTPUT : RMS_contrast Show properties for: | Currently active plot ]
Coefficient of Prognosis = 99 % ]
1st: [Trimming Ratio_CP1 - i T T T T T Property Value A
2nd: |Trimming_Ratio_CP2 .4 i 4 Application
t: [ ] Select layou... Classic layout
B e 9 Render mode Auto-detect
() Hide plot settings & Preserve pa.. [ False
Show settings for: | Currently acti - Minimum d... 10
- L
g3 Ask before False
2 Choose par... V1 True
ks Select best .. [ False
windices: 3«
Show indices: 23 Global corr... Linear correlation
Show extended: 3 Automatica.. V] True
<. Show para.. [l True
~) )
(A) Hide design selection 5 Show para.. [V True
. )
[ Select best design(s) (Design 222) ] @ Show respo... [Vl True
E — o g ~ Show criteria [¥] True
[ Seec L L aaid € e Global crite... Actual value
Design selection: U‘ Show plot r... All designs
! » 5 4 Subwindows
@) showdets = - CoP matrix 4 CoP matrix
(%) show design activation o Total effects b Window appearance
(A) Hide parameter values Selecte.. Chart View
g Object t.. Automatic v
[Z] Show deactivated parameters
R ntre
[ Update values | MS_contrast Visuals 8 x
para (<]
= 4 Data mining
\Tnmmmg_ﬂano_cpu 92,5000 ﬂ » Minimum 70.3 % 27.7 % Parallel coordinates plot
(s8] g Parametrization
4 I Optimization
[Trimming_Ratio_CP1: 82,5000 ] R 2 % L e
[ = - Maximum 46.2 % i Design parameter
"]lmmmg'm'o'cpz“ 12500 ] Coefficient of Prognosis =[x
S = Coefficients of Prognosis (using MOP) Average %,
- il model - Cob = 95 % 9
[Trimming_Ratio_CP3: 62.5000 23| i : i i
=] = - INPUT ; Trimming_Ratio_CP3 S = Nl o i
[s] 5 ] 5] S 5 S
[Trimming_Ratio_CP4: 10.00000 BINE INPUT : Trimming_Ratio_CPO o o o °
] - e 4 o T T "
) g 4 < < 2
£ .
=N INPUT ang\;n;zg_kaho_cl’l _g‘ g’ _g‘ ':E"
B . — € E E E
- INPUT : Trimming_Ratio_CP1 E E E £
45 % - = = =
5 10 15 20 25 30 35
CoP [%] of OUTPUT : RMS_contrast Parameter

Y \NnSyYS
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* Fast optimization on Metamodel

-1.58

 Trade off between RMS-contrast and
average gets visible

* Choose a best design (in this case no.
1386)

* Verification of best design(s) with SPEOS
simulation in an automated manner

OBJ: obj_Average [1e5
-1 .éz - 1.&J>

64

=1

Design 1386

@ o constraints violated m
=@ Pareto front
0.14 0.15 16 O
OBJ: b] RMS_contrast

-1.66

Y \NnSyYS



Results optimization

20

Best design chosen from the optimization
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Geometry parameter

iLight_Guide_StartAngle

Light_Guide_Width

Speos_Light_End_Angle_CPO

Speos_Light_End_Angle_CP1

Speos_Light_End_Angle_CP2

Speos_Light_End_Angle_CP3

Speos_Light_End_Angle_CP4

Speos_Light_End_Angle_CP3

Trimming_Ratic_CP0

Trimming_Ratio_CP1

Trimming_Ratio_CP2

Trimming_Ratioc_CP3

Trimming_Ratic_CP4

85

1

1

12,69

13.88

15.43

17.69

86.3163

76.7445

69.5204

52.5202

1.50777

all Regulations with status: passed

” Area Value | Rule

| Minimum | Maximum | Minimum Specification

Maximum Specification

Bearn_pattern 70,1479 cd  Beam_pattern_1 (passed) 1[1]

563.584 cd Beam_pattern_2 (passed) 1200 [1200] 1000 [1000]
5D-20L 142,944 cd 5D0-20L_1 (passed) 40[40] 60 [60]

142,944 cd 5D-20L_2 (passed) 1200 [1200] 1000 [1000]
H-20L 159.324 cd H-20L_1 (passed) 100 [100] 150 [150]

159.324 cd H-20L_2 (passed) 1200 [1200] 1000 [1000]
5U-20L 130.04 cd 5U-20L_1 (passed) 40[40] 60 [60]

130.04 cd 5U-20L_2 (passed) 1200 [1200] 1000 [1000]
5D-10L 383.088 cd 5D-10L_1 (passed) 30 [80] 120 [120]

Intensity distribution

©2021 ANSYS, Inc.

Confidential

Lit a

cd/m2

600000
500000

100000
1}

ppearance and cross section analysis

1} 10 20 30 40

o " Measure Value
RMS_contrast 0.144106
Average 163147 cd/m2
Minimum 91002 cd/m2

| Maximum | 236709 cd/m2

\nsys
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Robustness analysis of the lightguide WoST
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e Parametrization:

= |nputs: MName Parameter type Reference value PDF Type Mean 5td. Dev. CoV Distribution parameter
e Trimming ratio 1 Flux Stochastic 200 TRUNCATEDNORMAL 268.827 366272 13.6248 % 280; 45; 1; 330
e Level of polishing 2 Milling Stochastic 0.3 NORMAL 0.3 0.054  18% 0.3: 0.054
* energy light source (Flux) 3 Trimming_ratio Stochastic 1 NORMAL 1 003 3% 1;0.03
* Milling radius 4 Level_polishing Stochastic 0.15 TRUNCATEDNORMAL 1.5 0.716259  47.7506 % 1.5; 0.9; 0; 3
- Outputs:

* RMS contrast
* Average [cd/m?]
*  Minimum [cd/m?]
e  Maximum [cd/m?]
* Number of failed Rules
- Constraint
* Number of failed Rules =0

Y \NnSyYS
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Robustness analysis of the lightguide WoST
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e Results
OUTPUT : RMS_contrast
. ‘ f a—) T T T T T
TR — Fitted PDF - BETA b : STy
i :Ij:m:h Histogram wm L INPUT . __M'”'ng ]
o . € 10 %
el ailure Limit ©
in| el INPUT : _Trimming_ratio i
~ ~ = 44 %
» - '
o >l INPUT : _Level_polishing i
o : = 55 % .
1 1 1 1
it . 0 10 20 30 40 50
. ‘ ‘ ‘ ‘ [ % CoP [%] of OUTPUT : RMS_contrast
i |
=" 0.2 0.3 0.4 0.5 0.6
OUTPUT : RMS_contrast
Statistical data
Min: 10.12213 Max: 0.630073
Mean value: |10.292409 Standard deviation: 0.121909
CoV: 0.416914
Skewness: 0.7631 Excess kurtosis: -0.254197

Y \NnSyYS
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Robustness analysis of the lightguide WoST

Objective Pareto Plot

FERENCE

-1.58

0B3: obj Average [1e5)

-1.64

unacceptable designs
(Number of failed Rules > 0):
12/200 (6 %)

—
=

"

-1.66

0.16
OBJ: obj_RMS_contrast

o

i Optimization

o N A OO @

» ® Robustnhess

Number Rules failed

5] &

ANSYS Workbench / SPEOS Data Mining

Robust design optimizationin a full
automated manner

Y \NnSyYS
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Multidisciplinairy Robust Design Optimization Strategy WOST

Design Understanding Design
Improvement
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Sensitivity Analysis

Calibration

Optimized, i
Robust Design iy
Optimization Robustness Evaluation

Measurement
Data

Model Calibration ’ 4 . :
| : ERCLITITREERY Design Quality
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Daytime running lamp

Robust Design Optimization w
of a Lightguide

\nsys

e WOST

CONFERENCE

Objective Pareto Plot

=l

oK °
9 ®
Customer Goals 2 *
* Achieve a high number of requirements for .
* Optimization: | I

* photometric regulations,
* customer specifications,

*  homogeneous lit appearance Find best trade-off between requirements
* Robustness: insensitivity to tolerances

©° . L
ot 0.16 0.17 0.18
OBJ: obj_RMS_contrast

Solution A’\
* Multi-Objective Optimization & robustness 3, :;g
analysis with multiple criteria 410 /g’%
Benefits E' 2 //'/%/
£ =
* Meet all requirements by finding the best 24 G
2 N
possible trade-off automatically with a o Ry > 0
minimum number of simulations )
en 80

7 L.
* Much more homogeneous lit appearance L 97t sopp, 320 0.5 ot ¥
(factor 10 compared to start design) Understand where requirements are met

Y \NnSyYS
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Optomechanical Workflow with
OpticStudio STAR module,
Ansys Mechanical & optiSLang

Ansys



Motivation w ST
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 Thermo-mechanical effects on optical systems can dramatically reduce the system’s
optical performance.

* For the optimization of optical systems the knowledge of the impact of the thermo-

mechanical effects is necessary in order to match the demands under real world
conditions.

OBJ: 0.0000 (deg) OBJ: 0.0000 (deg)

300.00
300.00

IMA: 0.000 mr © IMA: -0.000, -0.028 mr

Ideal Spot Real Spot

Y \NnSyYS



Motivation w ST

CONFERENCE

 Thermo-mechanical effects on optical systems can dramatically reduce the system’s
optical performance.

* For the optimization of optical systems the knowledge of the impact of the thermo-

mechanical effects is necessary in order to match the demands under real world
conditions.

-Eﬁ:
— —
- — p— __:_—_J S Y [— i
L s 0,045 qad
Thermo-Mechanical Analysis Optical Analysis Design understanding with Optimized Design
metamodeling and
robust design optimization
Initial Design

Y \NnSyYS
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- Integration optical and mechanical simulation tools in Ansys optiSLang
- Built complex workflows

- Sensitivity Analysis
- Optimization
- Robustness Analysis

Thermo-Mechanical Analysis Optical Analysis Design understanding with Optimized Design
metamodeling and

robust design optimization
Initial Design

Y \NnSyYS
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Opto_mechanical_Workflow

—

L > A —
¢ Ansys M@Chanlcal InC|. STAR ACT Laser Diode Collimation Example.zimx
- Thermo-Mechanical Analysis ol Al Q >
. . C]pticétudin 'STAR Rea\ds Reéults
* Zemax OpticStudio L P
- Optlcal AnalyS|S 3Le\nss:st'em

e Structural, Thermal Analysis & Results module
(STAR)

- Maps thermo-mechanical data onto optical system

* Ansys optiSLang

- Workflow Automation

Y \NnSyYS



Thermal & Structural FEA w ST

CONFERENCE

for the determination of lens temperature profile due
to thermal impact

for the determination of lens deformations due to lens

mounti Ng
02.7903 55 0gp1 828318 g5 ggqg 102910 15 ggp 122-991 155 g5 143.07 00 ) 0 .010418 "°2%8% 05g255 *0TT73 pg7001 110909 1a50p7 19970 174764
Temperature - Simulation in Ansys Mechanical Deformation - Simulation in Ansys Mechanical

\nsys

31 © 2021 ANSYS, Inc. / Confidential



Thermal & Structural FEA

v A

I8 | External Data
2 la Setup v 4

Absorbed FluxData

Temperature

Type: Temperature

Unit: °C
Time: 1

25.488 Max
24.878
| 24.268
1 23.659
23.049
22439
21.829
21.22
20.61
20 Min

v B

e

2 Q Engineering Data
3 a Geometry
4 @ Model
@5 @ Setup
6 |§F Solution
7 @ Results

v
v
v
v
v
v

v C

8 77 Static Structural

a2 Q EngineeringData v
A3 E Geometry
——84 @ Model

4

4

4

@5 La Setup
6 Q[j Solution
7 @ Results

Temperature distribution

4

v/
vV 4
Y il
v
v

Type: Total Deformation
Unit: mm
Time: 1

\nsys

WOST

NFERENCE
/[ static Structural (C5) coO C
~H Analysis Settings ’

@ Fixed Support
@ Fixed Support 2
' Fixed Support 3
= ‘,-E‘ Imported Load (B6)
v, P} Imported Body Temperature
- &) Solution (C6)
L3} Solution Information
& Total Deformation
@ Total Deformation 2
@ Tatal Deformation 3
' 89 Export Lens to STAR
89 Export Mirror to STAR
(0 9 Export Lens to STAR 2
09 Export Lens to STAR 3

Deformation

0.00010614 Max
94351e-5
8.2563e-5
7.0775¢-5
5.8987e-5
4.7199e-5 -~
3.5411e-5

2.3623e-5 <
1.1835e-5
4.7143e-8 Min A .

With courtesy of Matthias Schlich, Zemax

Y \NnSyYS
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Load FEA data into OpticStudio with STAR module

Pd® RIC22

E Setup Analyze

o ®

Load FEA Fit

FEA Data
System Explorer @
Update: All Windows ~
Aperture

Fields

Wavelengths
Environment
Polarization
Advanced

Ray Aiming
Material Catalogs
Title/Notes

Files

it
© 3:System View'

| () Settings 2 23 lad o

33

X Hide Structural Data TL‘p X Hide Thermal Data

Data  Assessment

SteeringPrismSystem_SEQ_v04_forAlina.zmx - Zemax OpticStudio 21.2 ALPHA Premium (7) - L111528

Part Designer Programming STAR Help

ER Show Thermal Data @ @

_ Lens Data

Update: All Windows ~ @ @ -+ & K1 P Ee@ O-£C®

v Surface 1 Properties < > Configuration 1/1 >

.
hermal System 2D STAR User  STAR
Summary Viewer Deformation Plot Guide Feedback
Data Summary Analyses Documentation
-0 X
~EY

Surface Type  Comment Radius

Thickness Material Coating Clear

Y-Millineters

'2

0/ =A 2 % =3x4-@ Standard -

2.836-003
2.77F-003
2.00-0u3
2.65€ 003
L58E-003
2. 526-002
. a6 -003
2. 390008

Hillinezars

v 2 3x4- @ Standard + @

Standard ¥ Infinity | 46.558... (
Standard ~ stop Infinity ~ 0.000000 ‘
Standard ¥ lens front 50.0.. 6.000000 N-KF9  TRA.. 1
Even Asphere ¥ lens back -50.0... P 50.000... TRA... 1e
- -oxak ¥ tilt mirror 0.000000 (
d> mirror Infinity ~ 0.000000 MIR...  REFL.. 10

ak ¥ untilt mir... -35.00... = (

ak ¥ clock we... 0.000000 (

sd ¥ wedae 1... -6.000... P-SF... TRA.. 1

-

J - A

©2021 ANSYS, Inc.

e 2 3x4- @ Standard~ @
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A

With courtesy of Matthias Schlich, Zemax
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How to automate the optomechanical Analysis: W ST

-1.96831946503
-1.76448195218
-1.54278293586
-1.308465272101
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