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Task Description

* |In this example, we will use Ansys Speos and
Ansys optiSLang to analyze the robustness of a
prismatic light guide and quantify the failure
rate due to production tolerances in an
automated way.

* We will understand which tolerances lead to regulation fails for the automotive
Day-Time-Running Lights and which tolerances must be improved to increase
the optical performance. Additionally, we will evaluate the scattering of the
homogeneity (RMS-contrast) and the lit appearance (average luminance) to see
what the worst design looks like due to tolerances.

* This tutorial looks deeper into:
- Speos Workflow creation

- Robustness Analysis
(also known as Tolerance analysis or Design Quality Analysis)
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Light Guide Tolerance Parameters

For the Robustness Analysis the following
scattering input parameters (tolerances) are
considered:

" trimming ratios of the prisms
milling value of the prisms
energy of the light source

= position of the light source
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Model preparation in
Ansys Speos
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Ansys SPEOS Setup

For variation analyses with optiSLang it is necessary to publish parameters in the Speos

simulation model:

1. Open the Ansys Speos project
Headlamp_LightGuide _Robustness.scdocx

2. Select the Workbench tab
3. Click Publish Parameters

4. Select an Optical Part Design feature or a Light Simulation feature
(Material, Source, Sensor, Simulation).

5. Inthe Publish Parameters panel, a list of the possible parameters
you can use in optiSLang appears.

6. Check the parameters to be used in optiSLang.
(For this tutorial, all necessary parameters are already selected)

7. Save your *.scdocx project.

Ps

Publish
Parameters

Speos

Design

[Collapse all] [Expandall| [Refresh|

Name T | Status| Pay

A JL Headlamp_LightGuide_Robustness He:
|i i ight Guide. 1 Hei
4] [l 0
Definition
{0 [Light Guide.1
v General - Guide Curve A
Reverse direction True
v General - Body
Type Circular shape
Profile diameter & mm
v General - Prisms Orientation
Type Direction
Cptical axis Crigin Y Axis
Reverse direction False
Cperation Hybrid
Refractive index 145

v General - Distances

Fublish Parameters

Publish 1| Name T | Parent T | Value

\

O

O00RrRDOROJORDOROOODOO

General - Body/Profile diameter

Generzl - Prisms Onentation/Refractive index

General - Distances/Start

Generzl - Distances/End

Prism Geometries/Step value

Prism Geometries/Bottom timming control points[1] Paosition
Prism Geometries/Bottom timming control points[1] Value
Prism Geometries/Bottom timming control points[2]. Position
Prism Geometries/Bottomn timming control points[2]. Value
Prism Geometries/Bottom timming control points[3]. Position
Prism Geometries/Bottom timming control points[3]. Value
Prism Geometries/Bottom trimming control points[4]. Position
Prism Geometries/Bottom trimming control pointsf4] Value
Prism Geometries/Bottom trimming control points[5]. Position
Prizm Geometries/Bottom trimming control points[5]. Value
Prism Geometries/Peak timming valus

Prism Geometries/Offset valus

Prism Geometries/\Width value

Light Guide.1 | 6

Light Guide.1 | 1.49
Light Guide.1 | 30

Light Guide.1 | 16

Light Guide.1 | 2

Light Guide.1 | 0

Light Guide 1 | 926609
Light Guide.1 | 25

Light Guide.1 | 85.3106
Light Guide.1 | 50

Light Guide.1 | 79.6348
Light Guide.1 | 75

Light Guide.1 | 67.1027
Light Guide.1 | 100
Light Guide.1 | 15.6854
Light Guide1 | 0

Light Guide.1 | 2.7
Light Guide.1 | 2
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SpaceClaim Parameter

e SpaceClaim parameters will
be automatically detected w :
by optiSLang. e g e G Remede o,
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the LED are already et —

[} |Zr Driving Dimensions
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Workflow creation and
parameterization in Ansys
optiSLang
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Speos workflow in optiSLang

For variation analyses (e.g. Robustness Analysis) it is necessary to automate your Speos
project including geometry creation and simulation. The Speos workflow in optiSLang

consists of 3 nodes:

Parametric System

Ansys Speos Ansys Speos Core  Ansys Speos Output

Ansys Speos node: Ansys Speos Core node: Ansys Speos Output node:
* updates the geometry * launches and processes * extracts response values
based on SpaceClaim & the simulation from the Speos simulation
Speos parameter values report

* exports the Speos
simulation file (*.speos)
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Workflow creation

How to create the automated tool chain for a Speos analysis is shown in the following

section:
1. Open Ansys optiSLang Fle £t project View el ]
" EHE D Qv Mg &
2. Create a new Empty project 8 o |
New Project
G;_.ide: oo L Empty 2_.

Recent Projects

r Open
—' Load a previously archived
project.

Aynardo

)

/|
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Workflow creation

3.Save the optiSLang project
Best practices: save the project
next to the reference folder to
allow relative path in optiSLang

4.Drag and Drop the Solver
Wizard into the scenery

) *Unnamed project - optiSLang - O *
File Edit Project Wiew Help
L. = - 3
e = mQ &
1 3 ° * Unnamed project D Jizzrds g x
- fs Solver wizard
ENEry Status owerview
~ i:ﬁ Sensitivity wizard
4% Optimization wizard
*b Robustness wizard
*:‘ Reevaluation wizard
4.
Modules Qg x
parametric @
' Systems
v [ Plain systems
E‘_—] Parametric System
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Workflow creation

B8 solver Wizard O x
Solver paradigma @
If your solver is not listed, consider to use "Common text based” A

5. Click on Ansys Speos to start the
Solver Wiza rd ﬁAnsysADDL Ansys CFX-Solver Ansys Discovery AnsysEDT Ansys EDT LSDSQ

S el
= Ansys Fluent-Solver Ansys LS-DYNA . Ansys Lumerical

Ansys SpaceClaim

é:; Ansys OpticStudio

@ Ansys ModelCenter

6. Select Speos input file and click on
Open

2

&
WB

7§: Ansys Speos

Ansys optiSLang

7. Wait until optiSLang has extracted s
the published parameters (can R 20eas & scams oA avesim ] #xse B #scvosover
ta ke 1_2 m i n uteS) ’:“ AxSTREAM g% CAESES E';';-'f Calculator Q CATIA

Ansys Workbench

@ ceoL (Beta)

Lo

.Selectinputfile 6 bl gLl el L‘ Cran 5?\ Frhvenn v
L]
« v < Prismatic_LG_23R2 » 02_Robustness Evaluation » 01_reference v O Search 01 _reference P Next > Cancel Help
Organize « New folder > [ 0
MName
¥ Quick access
SPEOS input files
[ This PC SPEOS isolated files
= Network SPEOS output files
m Headlarmp_LG_Robustness.scdocx
< >
Fileﬂame:|Headlamp_LG_Robustness.scdocx v| Speos projects (*scdoc) w
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Workflow creation

B sover Wizard O X

Integrated Solver Settings
Specify integrated solver inputs and outputs

8. Drag and Drop the parameters

Parameter ] Ansys Speos ] Variables
to the Parameter pane to AT — |
2 Relative to project ~||01_reference\Headlamp_LG_Robustness.scdocx ~  Open Edit
. . . . Flux2 200
CO n S I d e r t h e m I n t h e Va rl at I O n T Parametrization =~ Execution settings ~ Speos Simulations  Export
. ® | LED Positiony 22620 Parameters
a n a |yS I S " | LED_Positionz  0.799686 ' Marne Value Type Unit
° | TR.CPI 02,6600 1 LED_Pasition_x 0903501276855  DIMENSIONTY...
I | TR.CP2 85.3106 |2 LED_Position_y 2.26289600395 DIMENSIONTY...
9 L] Re n a m e p a ra m ete r n a m e S = | TR_CP3 7‘3@4& 8“3 LED_Paosition_z 0.799685595194  DIMENSIONTY...
" | TRCP4 671027 4 Light Guide.1/Manufacturing/Top milling radius value 0.1 Manufacturing  Length
4 | T e 5 Light Guide.1/Prism Geometries/Bottom trimming control points[1].Value 926609 PrismGeometries Mone
i | Tep bz s O 6 Light Guide.1/Prism Geometries/Bettom trimming control points[2].Value 833106 PrismGeometries Mone
Input slots 7 Light Guide.1/Prism Geometries/Bottom trimming control points[3].Value ~ 79.6948 PrismGeometries MNone
Standard slots 2 Light Guide.1/Prism Geometries/Bottom trimming control points[4].Value 671027 PrismGeometries Mone
3 Light Guide.1/Prism Geometries/Bottom trimming control points[5].Value  15.6854 PrismGeometries Mone
10 Surface.2/Flux/Value 200 Flux LuminousFlux
11 Surface.1/Flux/Value 200 Flux LuminousFlux
|
Use as parameter ~

< Back Cancel Help
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Optional: Workflow creation

. . B solver Wizard O v
10. Optional: Under Execution Integrated Solver Settings
° Specify integrated solver inputs and outputs
settings you can add python
scripts for pre or post update e " e e e
2 - 0 Relative to project v |O1_r¢wce\Headlamp_LG_prilstness.sfozc | ~ | Open Edit

. . Lde
Parametrization =~ Execution settings  Speos Simulations — Export

—>not mandatory for this tutorial

| LED_Positionx  0.903501

" | LED_Positiony  2.2629 Speos Simulations to be exported
11. Optional: Under Speos s o | Glihtuide
Simulation you can select which | “ne o
Speos simulation should be a
exported for the simulation S
—>preselected and mandatory .

Standard slots

for this tutorial

12. Optional: Under Export you can
choose an additional export (e.g.
an image from the geometry)

< Back Cancel Help

13. Click on Next
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Workflow creation

14. Keep Parameter definition
(The parametrization will be done
in a later step since additional
parameters for supportive
purpose must be defined)

15. Click on Next

B solver wizard O X

Parametrize Inputs e

Parametrize the inputs -"5"‘
.................. Name Parameter type  Reference value Constant Valuetype Resolution Range Range plot
1 gLED_Position_x : Optimization 0.903501 O REAL Continuous 0.813151 0.993851 *
2 LED_Posmon_)r ---------- Optimization ~ 2.2629 O REAL Continuous 203661 248919 R —
3 LED_Position_z Optirmization 0.799686 O REAL Continuous 0.719717 0.879654 *
4 Top_milling_radius Optimization 0.1 O REAL Continuous 0.09 0.11 *
5 TR.CP1 Optimization  92.6609 O REAL Continuous 833848 101,927 *
& TR.CP2 Optimization 853106 O REAL Continuous 76,7795 93.8417 *
7 TR.CP3 Optimization  79.6048 O REAL Continuous 71.7253 87.6643 *
8 TR CP4 Optimization 67.1027 | REAL Continuous 60.3924 73.813 *
9 TR.CP3 Optimization 13,6854 O REAL Continuous 14,1205 17.2383 *
10 Flue Optimization 200 O REAL Continuous 180 220 R
11 Flux! Optimization 200 O REAL Continuous 180 220 O —

Import parameter from system ~

< Back

Cancel

Help
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Workflow creation

16. Skip the criteria definition

(Responses and criteria's will be defined in
the next steps)

17. Click on Next
18. Then Click Finish in the next window

19. The Speos workflow will automatically be
created:

Eg Headlamp LG Robustness

i
L il

Headlamp_LG_Robustness.scdocx  Ansys Speos Core  Ansys Speos Qutput

. Solver Wizard

Criteria
Specify the algorithm criteria

Parameter Responses

MName Value 2 Name Value
Flux1 200
Flux2 200

LED_Position_x 0.903501

LED_Position_y 2.2629

Criteria

Mame Type Expression Criterion  Limit

Evaluated expression

=l Create new

ﬁ,\;} Variable ! Objective Dﬂlﬂﬂ Constraint / t Limit state

[ Instant visualization Import criteria from system ~

< Back Cancel Help
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Ansys Speos Node

Headlamp LG_Robustness

a8

Optional: All settings made in the
wizard can be reviewed and

adj usted Headlamp_LG_Robustness.scdocx  Ansys Speos Core  Ansys Speos Output

1. Double-click on the Speos node

Parameter A Ansys Speos # Variables =
| Flux 200 . - - -
. Relative to project ~||01_reference\Headlamp_LG_Robustness.scdocx - Open Edit

| Flu2 200
° | LD Postionx 0303501 Parametrization = Execution settings  Speos Simulations  Export
° | LED Pesitiony 22629 Parameters
" | LED_Position_z 0.799686 Name Value Type Unit *
“ | TR CP1 92,6609 1 LED_Position_x 0.903501276855  DIMENSIONTYPE...
® | TR.CP2 85.3106 2 LED_Position_y 2.26289600395 DIMENSIONTYPE...
® | TRCP3 79.6948 W 3 LED_Position_z 0.799685595194  DIMENSIONTYPE...
Input slots 4 Light Guide.1/Manufacturing/Top milling radius value 0.1 Manufacturing Length
Standard slots
5 Light Guide.1/Prism Geometries/Bottom trimming control points[1].Value 926609 PrismGeometries  None
6 Light Guide.1/Prism Geometries/Bottom trimming control points[2].Value 853106 PrismGeometries  None
7 Light Guide.1/Prism Geometries/Bottom trimming control points[3].Value  79.6943 PrismGeometries  None
8 Light Guide.1/Prism Geometries/Bottom trimming contrel points[4].Value  67.1027 PrismGeometries  None
o linht Guide 1/Pricen Genmetriee/Rnttam trimminn rantrol nnintel 51 Walone 15 ARG PricmGenmetriee Mane i
<

>

Use as parameter -

Show additional options Export settings |~ oK Cancel Apply Help
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Ansys Speos Core node e - ]

HdlmpLGRbt .scdocx  Ansys Speos Core AySp s Output

Optional: The default solver settings for
the Speos simulation can be reviewed ~
and adjusted:

Ansys Speos Core

Change settings 2.
Open external settings dialog and edit settings

1. Double-click on the Ansys Speos et s st
Core nOde Reset to default settings from custom script

2. Click on Change Settings ’
3. Check the SpeosCO re path g s C:\Program Files\ANSYS Inc\v232\Optical Products\Viewers 3,

Search for .sv3/.speos files v

4. Adapt command line arguments e

Command Line Arguments 4'

5. Click on Save to default -

GPU Solver (-G) o
6 CliCk Apply and OK Mumber of cores (-t) a0 ﬁl
Qwerwrite number of rays or pass I

Mumber of rays or pass (-r)

)
Load Defaults Save To Defaults Ok Cancel Apply
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Ansys Speos Output node w?eame Robustness .

Bl Bl ) }

Headlamp_LG_Robustness.scdocx  Ansys Speos Core  Ansys Speos Output

Set up the Speos Output node

. [ | Ansys Speos Qutput & Variables = Responses 4b_
In Order to ext ra ct the Relative to Wﬂrking dir ~ «_ Ol_reference | SPEOS isclated files \,' LightGuide.speos "\ Lightguide.Report.htm|| - Zv' Load B | Average
° ° o DUtpUtS 3. m | Number_of_rules_failed
S I m u Iat I o n res u Its [] |S.§a"{" for | " | Number_of_rules_passed_limited
Mame Value Unit o | RM5_contrast
1. Double-click on the Ansys Speos ErorReport s
Output node et
Intensity.1:33242
. v Radiance.1:33603
2. Browse for the file v Al i
o Lightgu ide. Re port. htm I” i n th e ;E:]SUULES.REdiEHCE.‘I:33603.ATEE_1 Averagevalue 162435 /m® Dutput i
. Minirmum Standard slots
reference files folder v RMS contrast
“ . Resn..llts.RadlanceJ:33603.{Ckrea_1.RMS_contrast.\ralue 0.181181
(“01_reference\SPEOS isolated O ]
files\Lightguide.speos\”) i
Summary_regulations.Intensity.1:33242._Number_of_rules_failed 0
. Summary_regulations.Intensity.1:33242,_Mumber_of_rules_passed 42
3 . Set the path to Re’at’ve to Radif;:r:;a:g_ﬁr;gulations.lntensity.1:33?_42._Number_of_ruIes_passed_limited 0
working dir and set the orange
path Sp||t position © Reload Parametrization
Show additional options Export settings |~ OK Cancel Apply

4. Define the responses via drag and

drop and rename them Number of failed rules = Number of not passed regulations

5. Click Apply and OK
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Parametrization for Robustness Analyis Y Headamp LG Robustness 1. T

Headlamp_LG_Robustness.scdocx  Ansys Speos Core  Ansys Speos Output

For the Robustness Analysis it is important to
define the scattering of the parameter B3 Hexdrmp. L obusincs - Faametic e oox
(tolerance). In this example we will consider the Parameter | Crteria | Other | Result designs

. Name Parametertype Referencevalue Constant Valuetype Resolution Range Range plot
fo I IOWI ng to I erances: 1 LED_Positionx  Optimization  0.903501 O REAL Continuous 0813151  0.993851 R —
n tr| mm | ng rat|os Of the pr|sms 2 LED_Positiony  Optimization  2.2629 O REAL Continuous 2,03661 243919 __J_
- m|”|ng Va I ue Of the prlsmS 3 LED_Positionz  Optimization  (.799636 O REAL  Continuous 0716717 0879654 (b
. 4 Top_milling_radius Optimization 0.1 0 REAL Temira 0.09 011 E——
. energy Of the Ilght source 5 TR.CPT Optimization  92.6609 O REAL Continuous 833048 101927 R——
u pOSItIOh Of the ||ght source § TRCP2 Optimization  85.3106 O REAL Continuous 767785  93.8417 N —
7 TRCP3 Optimization  79.6943 O REAL Continuous 717253 87.6643 R —
g TRCP4 Optimization  67.1027 O REAL  Continuous 603024  73.813 R —
SEtu p the pa rameter: 9 TRCPS Optimization  15.694 O REAL  Continuous 141205 17.2583 S —
1. Double-click on the head of the parametric i O e oo o
Syste m 1 Fluxt Optimization 200 O REAL Continuous 180 220 — —
Sort by v
2. Right-click in the Parameter table and Add 4 ,
.
pa ram ete IS Parameter merging; ::::::::lii;d pvameter Del ’ e Import parameter from system ~
Show additional options OK Cancel
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Definition of scattering parameters

E_] Headlamp_LG_Robustness - Parametric System [m] X
Parameter = Criteria  Other  Result designs
3 . Re n a m e th e n eW a d d e d Name Parameter type Referencevalue Constant Valuetype Resclution Range Range plot FDF Type Mean Std. Dev. CoV Distribution parameter
pa ra m ete r to : 1 D_Poswtmn_x Optimization 0.903501 O REAL Continuous 0.813151 0.993851 *
2 LED_Position_y Optimization 2.2629 [l REAL Continuous 2.03661 248919 *
. . .
. Trl m m I n g_RatI 0 3 LED_Position_z Optimization 0.799686 O REAL Continuous 0.719717 0.879654 *
4 TR.CP1 Optimization 92.6609 (] REAL Continuous 83,3948 101.927 +
" L ED_delta_x
- - 5 TR_CP2 Optimization 853106 O REAL Continuous 76.7795 93.8417 *
u L E D d e Ita y & TR.CP3 Optimization 79.6948 O REAL Continuous 71.7253 87.6643 +
n LE D d e Ita Z 7 TR.CP4 Optimization 67.1027 O REAL Continuous 60.3%24 73.813 *
- - 3 TRCPS Optimization 15.6804 O REAL Continuous 14,1205 17.2583 *
9 Flux2 Optimization 200 O REAL Continuous 180 220 *
4. Change the Parameter type to |
S h ° f I | . 10 Top_milling_radiug Stochastic 0.1 [l REAL Continuous / MNORMAL 0.1 0.03 305 01003
toc a St I c O r a S Catte r I n g 11§ Trimming_Ratio Stochastic 0 [l REAL Continuous y : NORMAL 1 0.02 2% 1,0.02
. -
I n p ut p a ra m ete r 12 | LED _delta_x Stochastic 0 O REAL Continuous NORMAL 0 025 100:% 0-D25
. I 13 LED delta_y Stochastic 0 O REAL Continuous s . NORMAL 0 0.25 100 % 0025
5 . D efl n e ty p e Of p ro ba b I I Ity 14 LED_delta_z Stochastic 0 O REAL Continuous ik NORMAL 0 0.25 100 % 0025 6 .
. . . .
d ISt rI b ut I O n fu n Ct I O n 15 Flux1 3 . Stochastic 200 (] REAL Continuous I RUNCATEDMORMAN 300 - - 41,3864 - 13,7955 3:4300; 45; 200; 400 * |
- 7~
. . Parameter merging: |Prefe¥ defined ~ b . b sImport parameter from system -~
6. Define stochastic values
Show additional options OK Cancel

(distribution parameter)
*Mean value; scale factor; lower bound; upper bound

Distribution type Gnd pal’ameter - the according distribution function is shown in column PDF
can be based on measurement data

or assumptions.
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Definition of scattering parameters

7 . C h a N ge t h e Pa ra m ete r 3 Headlamp LG Robustness - Parametric System o x
type Of a I I tri m m i ng Parameter  Criteria  Other  Result designs

Name Parameter type  Referencevalue Constan Opsratian Value type  Resolution Range Range plot FDF Type Mean  Std. Dev. CoV Distribution parameter
.
ratios to De pend ent ' TR it | O |essmimaneas | g
(] []
2 TRLCP2 Dependent 853106 ] 833106 Trimming_Ratio
8. Set the Reference value s foresen [mme D |
o H H 4
Of Tr' m m | ng Rat | O to 4 TRCP4 Dependent 671027 O 671027 Trimming_Ratio
1 5 TRCPS Dependent 15,6894 0 15.6894*Trimming_Ratio
& LED_Position_x Optimization 0.903501 ] REAL Continuous 0813151 0.593851 +
. . .
7 LED_Position_y Optimization 2.2629 O REAL Continuous 2.03661 2.48919 +
. Multiply the trimming
. . h h d f- d g LED Positionz  Optimization 0799636 O REAL Continuous 0719717 0.879654 [R——
ratios with the detine
. 9 Flux2 Optimization 200 O REAL Continuous 180 220 +
Scatte rl n g p a ra ete r 10 Top_milling_radius Stochastic 0.1 O REAL Continuous \ MORMAL 01 0.03 300% 01003
o H H ./
rl l I I I I I I ng atl O 11 Trimming_Ratio  Stochastic 8 ] REAL Continuous / MNORMAL 1 0.02 2% 1002
— ° .
12 LED_delta_x Stochastic 0 O REAL Continuous MORMAL 0 0.25 100 3% 0025
13 LED_delta_y Stochastic 0 O REAL Continuous i MORMAL 0 0.25 100 % 0:025
BaCkg roun d: WI th th IS we 14 LED_delta_z Stochastic 0 | REAL Continuous NORMAL 0 025 100% . 0:035
O REAL Continuous TRUMCATEDMNORMAL 300 - 41,3864 - 13,7955-% 300; 45; 200; 400

will vary the trimming ratios B B

O Ver a// prlsms Of th e /Igh t Parameter merging: |Prefer defined Import parameter from system ~
guide With the Same Show additional options OK Cancel
tolerance factor.

©2023 ANSYS, Inc. Unauthorized use, distribution, or duplication is prohibited. \n sys



Definition of scattering parameters

E‘J Headlamp_LG_Robustness - Parametric System O *

Parameter  Criteria  Other  Result designs

1 O * C h a n ge th e Pa ra m ete r type Of Name Parameter type  Reference value Constar : PDF Type Mean Std. Dev. CoV Distribution parameter
a I I L E D_ POS iti O n S to De pe n d e nt 1 éLED_PDsition_x Dependent Dk@\. O 0.90350127685462511+LED_delta_x/1000 1 1 i

1 1 . Ad d t h e LE D d iS p I a Ce m e nt i n 2 LED_Position_y Dependent 2.2629 | 2.2628960039479766+ LED_delta_y/1000
t t h e O S it i O n S 3 LED_Position_z Dependent 0.799686 O 0.79968559519399995+ LED_delta_z/1000
[ m ] O p 4 TR_CP1 Dependent 92.6609 O 92,6609 Trimming_Ratio
1 2 . C h a n ge t h e Pa ra m ete r type Of 5 TR.CP2 Dependent 85.2106 O 85.3106*Trimming_Ratic
”F I uxz” to De pendent 6 TR.CP3 Dependent  79.6948 O 79,6048 Trimming_Ratio
7 TR.CP4 Dependent 67.1027 O £7.1027*Trimming_Ratic
1 3 * Set th e Va I u e eq u a I to Fl uX 1 3 TR.CP5 Dependent 15.6894 O 15.6894*Trirmming_Ratio
Assumption: LED have the - v Y ST 13.
Same Scatterlng 10 Top_milling_radius Stochastic 0.1 O MNORMAL 0.1 0.03 30 % 0:1: 0,03
14. Click Apply and OK 11 Trimming_Ratio Stochastic 1 O MNORMAL 1 0.02 2% 1:0.02
12 LED_delta_x Stochastic 0 O NORMAL 0 0.25 100:% " 0:025
13 LED_delta_y Stochastic 0 O NORMAL 0 0.25 00% - 0; 025
. 14 LED_delta_z Stochastic 0 O NORMAL 0 0.25 100% - 0: 025
Now all scattering parameters are
. 15 Flux1 Stochastic 200 O TRUNCATEDNORMAL 300 41,3864 - 13,7955 % 300; 45; 200; 400
well defined and connected to the
model parameters In Speos Parameter merging: | Prefer defined ~ Import parameter from system ~
' Show additional options OK Cancel
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workflow extension

Optional: In order to increase the design understanding, export an image from the
XMP-Viewer and add it into the optiSLang postprocessing

1. Filter for Python under Modules and e .
. . 3] Headlamp_ LG_Robustness Modules Q@
drag and drop it onto the green arrow in a ython o
. _" _‘ _" , 1 . ~ Process chain elements
the parametrlc SyStem Headlamp_LG_Robustness.scdocx  Ansys Spos Core  Ansys Speos Output \V\F tegrafiors
. i? Python
2. Rename the Python-node with F2 it
to “XMP to image”
3. Double-click on the Python-node — o — — reones
* ] Fiu 200 | use file ~ |Relative to project ~|01_reference\XMP_to_Image.py | | ~ .D'pen =i
4. Browse for the Python script = S '
»~XMP_to_Image.py” in the reference | =
files folder (“01_reference”) -
5. Click APPIy and OK TR R z VH Output slots
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workflow extension

6. Double click on the systems head

7. Go to the Other tab

8. Change the postprocessing settings to import
the images into the optiSLang Postprocessing
automatically

9. Click Apply and OK

B3 Headlamp_LG_Robustness 6.

Headlamp_LG_Robustness.scdocx  Ansys Speos Core  Ansys Speos Qutput  XMP to image

B Parametric System 7
Parameter Criteria Cther Result designs
Show working directory settings
Show design directory format settings
Hide postprocessing settings
Write optiSLang post-processor database file: | Never

I:‘ Show on termination
Register files

Images 8-
[ ] ANSYS Viewer fies
[ ] weoliab CAX / wehx fies

I:‘ Custom  Define custom filter...

Show evaluation settings

Show additional options

OK

Cancel

Apply
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Test Run

1. Save and Execute the project

2. Open the executed system by double click
on the systems head

3. Check the results of the initial Design in
the Result designs tab

File Edit Project View Help
EEE p-rEld DR EQ &
'1a. 1b.

Scenery Status owverview

Headlamp LG _Robustness ?

Headlamp_LG_| Robustness scdocx  Ansys Speos Core Ansys Speos Qutput  XMP to |mage

Ej Headlamp_LG_Robustness - Parametric System O X
Parameter Criteria  Other  Result designs 3
.
Id Feasible Duplicates Status Flux1 Flux2 LED_Position_x LED_Position_y LED_Position_z LED_deltax LED_deltaly LED_detta_z TR_CP1 TR_CP2Z TR_CP3 TR_CP4 TR_CP3 Top_milling_radius Trimming_Ratioc Awverage Mumber_of_rules_failed Mumber_of_rules_passed_limited RMS5_contrast
101 true Succee ded 200 200 0.903501 2.2629 0.799686 0 0 0 92,6609 853106 79.6943 67.1027 156894 0.1 1 161794 0 0 0.162671

NOTE: If the Python node fails, please check the troubleshooting on the next slide

©2023 ANSYS, Inc. Unauthorized use, distribution, or duplication is prohibited. \n sys



Troubleshooting: Python node

* If the COM server for the XMP-Viewer is not registered in the windows registry, then the following error
message appears in the optiSLang message log:

Python interpreter error:
Traceback (most recent call last):
File "C:\Program Files\ANS5YS Inc\v231\optiSLang\libipythoni.7\lib\site-packages\win3i2com\client\dynamic.py™, line 81, in GetGoodDispatch
IDispatch = pythoncom.connect (IDispatch)
pywintypes.com error: (-2147221005, 'Inwvalid class string', Hone, Hone)

During handling of the abowe exception, anocther exception cccurred:

Traceback (most recent call last):
File "<string>", line 29, in <module>
File "C:\Program Files\ANSYS Inc\v231\optiSLang\lib\pythoni.7\lib\site-packagesi\wini2com\client_ init .py¥", line 95, in Dispatch
dispatch, userName = dynamic. GetGoodDispatchiAndUserHame (dispatch,userName,clsctx)
File "C:\Frogram Files\ANSY5 Inc\v231l\optiSLang\lib\python3.7\lib\site-packages‘\win32com\clienthdynamic.py”, line 33, in _GetGoodDispatchAndUserHame
return (_GetGoodDispatch (IDispatch, <¢loctx), userName)
File "C:\Frogram Files\ANSYS Inc\v23l\optiSLang\lib\pythond.7\lib\site-packages\winddcom\client\dynamic.py”, line 83, in _GetGoodDispatch
IDispatch = pythoncom.CoCreateInstance (IDispatch, None, clsctx, pythoncom.IID IDispatch)
pywintypes.com error: (-2147221005, 'Invalid class string', Hone, Hone)

ERRCR

* Solution: Set up the windows registry correct:
- Open ,Virtual Photometric Lab“ with admin rights manually in the used Ansys Speos version
- reopen optiSLang and try again
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Troubleshooting: Ansys Speos Output node

* Location of the Speos report (.html file):

1. With a manual solve of the simulation in Speos, the Speos report (.html file) will be written into the
“SPEOS output files” folder

2. With the automatic solve using the Speos integration in optiSLang the Speos report will be written
into the “SPEOS isolated files” folder

* For new projects, this report might not be existing in the “SPEOS isolated files” folder.
The best practices is:

1. Setup the workflow via wizard J
2. Deactivate Ansys Speos Output Node o E -
(right click on the node and click on ”Active”)/ . g
3. Run the workflow llllll I
4. Copy the generated Speos report (.html file) into your reference folder - e
5. Setup the Speos output node
6. Activate the Speos Output node and run the workflow .
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Troubleshooting: Solver Noise

* For variation analysis like Robustness Analysis, it is important to have a high simulation
quality in order to minimize the solver noise. Small solver noise means that if the same
simulation is executed multiple times, the scattering of the output values should be
small.

e To ensure a high simulation quality and a good prediction for the tolerance sensitivity
the maximum difference between the output values should be less than about 5%.

* You could improve the simulation quality e.g., by increasing the number of rays

* Optional: There is an easy solution to fast check the solver noise within optiSLang.
How to do is shown in the Appendix at the end of the presentation in the section
“Check Solver Noise”
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Robustness Analysis
(Tolerance analysis)

Ansys



Setup Robustness Analysis

How to setup a Robustness Analysis and how to interpretate the results is shown in the
following section:

1. Drag the Robustness wizard onto the head of the solver chain

. * LG_Robustness — optiSLang
File Edit Project View Help
il =a=R= T 2 4 [ m Q &

* LG_Robustness B Wizards & x

i@ Solver wizard
1&: Sensitivity wizard

&'\If Optimization wizard

$ Rebustness wizard

N,
&td Reevaluation wizard

Lal

P R B
PATH

Headlamp_LG_Robustnee;s.scdocx Ansys Spebs Core Ansys Speﬁs Qutput XMPto i.mage

©2023 ANSYS, Inc. Unauthorized use, distribution, or duplication is prohibited.
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Setup Robustness Analysis

2. Keep the already defined parameter and click Next.
3. No criteria need to be defined. Click Next.

B Robustness Wizard O X B Robustness Wizard m] x
Parametrize Inputs 2 & Criteria 3 B
Parametrize the inputs . B Specify the algorithm criteria ° &
Name Parameter type  Reference value Constant Operation PDF Type Mean Std. Dev. CoV Distribution parameter
- e P P P P Parameter Responses
1 LED_Posiionx  ; Dependent 0.903501 O 0.90350127685462511+LED_delta_x/1000
L Name Value 2 Name Value
2 LED_Pesition_y Dependent 2.2629 O 2.2628960039479766+ LED_delta_y/1000 Flu! 200 Average 162435
3 LED Positionz  Dependent 0.799626 O 0.79968559519399995+ LED_delta_z/1000 Flu? 200 Mumber_of_rules_failed 0
4 TRCPI Dependent 92,6600 O 92.6609*Trimming_Ratio LED_delta x 0 Mumber_of_rules_passed limited 0
LED_delta_y 0 RMS_contrast 0.161181
5 TR.CP2 Dependent 853108 O 25.3106*Trimming_Ratio
LED_delta_z 0 v
6 TR.CP3 Dependent 79.6048 O 79,6948 Trimming_Ratio
Criteria
7 TR.CP4 Dependent 67.1027 O 67.1027"Trimming,_Ratie
Name Type Expression Criterion Limit Evaluzted expression
8 TR.CPS Dependent 15.6894 O 15.6894*Trimming_Ratia e
9 Fu Dependent 200 O Flux!
10 Top_milling_radius Stochastic 01 O NORMAL o1 003 30%0 0003
11 Trimming Ratio  Stochastic 1 O NORMAL 1 0.02 2% 1002
12 LED delta x Stachastic 0 O NORMAL 0 0.25 1W00% - 0025
13 LED_delta_y Stochastic 0 O NORMAL 0 03 100% " 0-035 = Create new
14 LED_dekta_z Stochastic 0 O NORMAL 0 03 100%: - 6:035 . . — . L
ﬁxb Variable ! Objective ﬂﬂl&ﬂ Constraint / t Limit state
15 Fluxl Stochastic 200 O TRUNCATEDNORMAL 300 41,3864 -7 13,7955 % 300; 45; 200; 400
[ Instant visualization Import criteria from system -
Import parameter from system ~
Cancel Help < Back Cancel Help
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Setup Robustness Analysis

4. Robustness analysis is selected automatically. Click Next

5. Keep the default number of samples (optiSLang will sample 100 designs according
the defined distribution function of the scattering input parameter). Click Next

B8 Robustness Wizard | X B Robustness Wizard O X
Robust_ness / Reliability m_etl_lr._)d 4' & Algorithm settings 5 o
Specify the robustness / reliability method l Specify the algorithm settings &&
Uncertainty knowledge: |Not set ° Robustness / Reliability method Sampli.ng
Failed designs: Not set v Variance based Sampling
S Not set 5 O ® Robustness sampling Sampling type: Advanced Latin Hypercube Sampling v
Desired sigma level: 20 30 450 60 Probability based Number of samples: |1[]O
O Adaptive Response Surface Method (ARSM-DS)
Simulation runtime: ~ Short 'O"i @ ' Adaptive Sampling (AS)
O Directional Sampling (DS)
il @ O First Order Reliability Method (FORM)
O Importance Sampling using Design Point (ISPUD)
O Monte Carlo Simulation (MCS)

< Back Cancel Help < Back Cancel Help
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Setup Robustness Analysis

B8 Robustness Wizard m] X
6. Keep the default postprocessing settings s e 6. ;B
and Finish the wizard

[ Show postprocessing during algorithm run
Minimum designs required: 1 S

7. The robustness system will be created

[ Wait for user-interaction to continue

a u to m at i Ca I Iy : Show reduced data-set if available

Create MOP
» Robustness 4 Tested metamodels Polynomial + MLS + isotrop. Kriging v

Variable reduction |Filter minor important ~

Show postprocessing

-

Inputs Qutputs
i . .
b » Paramets Import & R Use M Maxim *
Headlamp_LG_Robustness.skdsys Speos Core Ansys Speos Output  XMP to image » R srameter mportance ssponse =8 | Mimmum =am
. ’ 1 Fluxl Selectable 1 @  Average
MOP
; . 2 LED_delta_x Selectable | ‘2 ® Mumber_of_rules_failed
4 @ 3 LED_delta_y Selectable ERE ) MNumber_of_rules_passed_limited
Postﬁroceésing 4 LED_delta_z Selectable ‘4 L ] RMS_contrast v
v < >

< Back Cancel Help
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Start Robustness Analysis

1. Save and execute the Filt? EditLPrc‘Jj.ect [View He||p_ —
project ~ 1a. 1b. | 5

Scenery  Status overview 2 a

2. Click on Status overview to o
check the progress for each
prog “j =

design — @ @— @R '-] | -
Headlamp_LG_Robustness.scdocx  Ansys Speos Core Ansys Speos Output  XMP to image l‘ > h&/\'
d ~

Robustness 4

MOP

Postprocessing

- Wait until the analysis is ready

= The optiSLang postprocessing will open automatically
(alternative, please right click on MOP node and click on Show Postprocessing)
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Robustness Analysis - Postprocessing

* The results of the Robustness Analysis are shown in the optiSLang postprocessing. The evaluation of
the statistical data help you to determine the quality (robustness) of the design by

1. identifying and understanding important tolerances

2. getting the probability of failure

* As quality measurements we consider the following outputs:

RMS-contrast (this is a measure of homogeneity: the smaller the value, the more
homogeneous is the lit appearance)

average luminance (to avoid to less lighting)
number of failed rules (number of not fulfilled national regulations)

Number of limited passed rules (humber of not fulfilled customer specifications)

* How to review the results is shown in the following.

©2023 ANSYS, Inc. Unauthorized use, distribution, or duplication is prohibited.
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Robustness Analysis - Postprocessing

86.4 %

Postprocessing 1: Identify and understand important RMS contrast
tolerances

—
96.6 %
p
85,2 %i 86.7 %i
100 %
A

78.9% 88.9 %

Number_of_rules_passed_limited

A l
=
w IS
) . ) s E: I
Trimming_Ratio| ; g

* The COP-Matrix in the optiSLang postprocessing shows us which
of the considered tolerances have an impact on the optical Number_of_rules failed
performance and the single regulations. With this, we can
answer the question “Which tolerance must be improved to
increase the robustness of the design?”

Averagef|

Flux1
Total

* Clicking on one of the Total values in the COP-Matrix shows the
corresponding Metamodel of Optimal Prognosis (MOP) in the
Response Surface 3D plot.

Topmillingradius[

Linear Regression approximation of RMS_contrast
Coefficient of Prognosis =97 %

* The MOP approximates the response as function of all
important input parameters. This plot is the representation of
the Metamodel based on the two main contributors and the
remaining ones are set to a fixed value. By using the sliders, you
can see the influence of the other dimensions.

[Fluset: 300,000 H
%

S

15B41U02 SINY

[
|LED_delta_y: 0.00000 H
i

 The MOP shows the scattering of the responses based on the
scattering of the tolerances

Top_milling_radius: 0.10000 =
%

[Trimming_Ratio: 1.00000

[
5 i

9_Ratio {0oP-
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Robustness Analysis - Postprocessing

Based on the metamodels we can understand
where (in which range of the tolerances) the
regulations are not fulfilled, or where the
optical performance is worst.

1. Click on Response Surface 3D plot plot to
activate

2. Choose RMS_Contrast

3. Enter the Limit for the RMS contrast for a
Isoline

4. Optional: How to color the designs is
shown in the appendix Coloring Designs

RMS contrast
 mainly impacted by following tolerances
= milling
= trimming ratio
* The design exceed the limit under higher
trimming ratios.

i File Edit View Windows MOP  Help

4 0 » - -
FEY Ow: O BN $¢- B¢ 98 &-
Epa A e S |% Response surface 3D plot E@

Linear Regression approximation of RMS_contrast
— ; Coefficient of Prognosis = 97 % 1
1st: | Trimming_Ratio ~

2nd: | Top_milling_radius w| 4 o \
3rd: IRMS_contrast vI 2 /

Hide plot settings \
Show settings for: | Currently active plot A

0.45 -
> Response surface 30 plot

Resolution: 30 = 3

Hide dimension selection

1SBAIUOD SINY

0.35 1

I Isolines: |D.2 I|

Palette data: Values w

0.25 1

Hide design selection

Select all

Invert selection
0.15 1

Design selection: |78; | < - P > 0.04
Shaw details >| 1.04 102 ; 0.12 O'Ogad\u‘—*
Show design activation 0:94 0.96 0.16 (‘,\'\\\'\(\gj

9_Ratio
0P~

Hide parameter values

Green: Design is feasible (RMS contrast <0.2)
Magenta: Design is not feasible (RMS contrast > 0.2)
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Robustness Analysis - Postprocessing

5. Redo Step 1 -4 for the response

average

Average luminance

mainly impacted by following
tolerances

= energy of the light source (Flux)
= the LED-position in y-direction
= Trimming ratio

The design exceed the limit of
160kcd/m? with the highest LED
position in y-direction or with a
surface energy smaller than 220Im

RMSicontrast

Number_of_rules_passed_limited ]

Number_of_rules_failed |

.

1[

5@

Ve
85,2 %i 86.7 %i
100 %

A

Moving Least Squares approximation of Average
Coefficient of Prognosis = 89 %

[gaL] abesany

©2023 ANSYS, Inc. Unauthorized use, distribution, or duplication is prohibited.
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Average[ 2% 17.2% 78.9 % 88.9 %
\_ ]
E T ] %
g 2 5 z
o g i
S g 8
E £
o [
(=}
1S

Tota

exceeded)

Green: Design is feasible (under the limit)
Magenta: Design is not feasible (limit is
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Robustness Analysis - Postprocessing

6. Redo Step 1 -4 for the responses Number of RMScomrast-
failed rules (National regulation) and Number
of rules passed limited (customer S LT
specification) \

Number_of_rules_failed |

National regulations:

r

* no designs exceed the limit Average
(number of failed rules < 0 for all designs) .
Specifications: //\\ : g 5
* mainly impacted by following tolerances 4.5+ e g =

S

= energy of the surface (Flux)
= LED position in y-direction
" trimming ratio

* The designs exceed the limit under a surface
energy greater than 340Im

w
W in
A L

palIWI|~pPasse’|NJ Jo IaquINN
s N
N

- .
1

Green: Design is feasible (under the limit)
design is feasible, number of
rules limited passed < 2
Magenta: Design is not feasible (number
of rules limited passed > 2)

=)
©
L A

7. Optional: Check probability of failure for each
single regulation (see appendix: Section
“Further statistical evaluation for the single o
regulations”)
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File = Edit View Windows MOP Help

Robustness Analysis - Postprocessing

External files and processes... j EE i

E=
-_Limits...
Comm 1 = 4
Characteristic values (Beta)...

k . .
Dimension groups...

1st:

Palette (Beta)...
Postprocessing 2: Get the probability of failure g > B¢
* The Robustness Analysis shows the statistical distribution of the Hele plot setthes
device response due to the manufacturing tolerances (scattering of = [ v
the output parameters). With this, we answer questions like “How —— — —
. ° ° - - - IMEension afety Limit ailure Limit
robust is the light guide?” What percentage of fabricated devices will + | average 5000 2
not meet the required design goal or will not fulfill the regulations?” N F—— .
3 Mumber_of_rules_passed_limited 2
1. Open Limits under Edit in the menu bar 4| RMS.contras 0
2. Add upper or lower limits for the conce
outputs that shall not be exceeded == = 7=
3. Click OK in the Limits window al "7 & repimaion it
4. Search for Histogram in Visuals on the 7 s
right side of the optiSLang of ) SR —
postprocessing window = |
5. Drag & Drop the Histogram into the i |
postprocessing scenery | i |
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Robustness Analysis - Postprocessing

| File Edit View Windows MOP Help

6. Click on Histogram plot to activate FEE Cuwe Q DD -8 9198 &-
Common settings g x OUTPUT : Average
7 ' C h Oose Ave rage . Hide dimension selection 6 -} I | ' / \\ i J
8. Click on Show Statistical data in the tst: [rverae ] 7 v - 6
Histogram plot —* S '
¢ | Mumber_of_rules_passed_limi ~
9. Check distribution and statistical data tide pot settings 23t
in th e h iStogra m p I Ot. Show settings for: | Currently active plot ~ Lév‘ - J
10. Optional: Select a Probability density & = —
function and histogram classes e w1110 5 . vgram |
g Sigma level for PDF: Failure Limit
11. Repeat Step 7 to 9 for all other Hetogram cosses: |7 : e —
O Ut p UtS . Show as CDF: Show Statistical data 8 OUTPUT: Average es]
. Shaow limits: i
The probability that the: =" = | . Statisical data 9 |
* average is smaller than 160kcd/m? is 3.0%. This e | Ll ‘ _M_ax' 17930
. ) ] _ ’ Mean value: |240501 ‘ Standard deviation: |36937.4
represents a sigma level of 2.18. Hide design selection | — | |
*  RMS contrast is higher than 0.2 is 24%. This == — - , —
f'epresents a Slngl /eve/ Of 038 Select all Invert selection ’ Skewness: "0.243145 ‘ Excess kurtosis: ‘0.166586
. . . . Design selection: | ’ Limit : Failure Limit
° ?;'l mboer obf not f Ulf illed regulatlons 15 hlg her finiEms Lower value = 160000 Upper value = not set Total
an IS U. ) o ) ' . Show design activation P_rel: 0.03 0.03
. numbe( of not fulfllled spec:flcatlpns is higher Hide parameter values Sigmar-Level: |2.17936 11 T
than 2 is 5,0%. This represents a sigma level of [ show deactivated parameters
2.05.
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Summary

* Due the Robustness Analysis:
- the scattering of the RMS-contrast and the average luminance gets visible
- a probability of failure and the corresponding sigma level could be calculated
- the important tolerances that impact the optical performance are figured out

worst design regarding
average luminance
due to tolerances

worst design regarding RMS
contrast due to tolerances
RMS contrast 0.44 0.15
Average luminance [kcd/m?] 154 > 160 (not fulfilled) 129 > 160 (not fulfilled)

Number of not fulfilled

: 0/42 (fulfilled)
regulations

edfm2 cd/m2
600000 ; : 600000

1400000 : 400000

% 200000 b e ] 200000
0

0

Result 40 30 20 10 . 2 50 20
.
-

~J
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Nominal Design
(= best design from
optimization)

0.15
162 > 160 (fulfilled)

cd/m2
600000
...................... ....... 400000
: : i Y 200000
0
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Summary

 How robust is the lightguide?

probability of failure Possibility to get a more robust design

To determine a very small failure rate (< 1:1000; sigma levels larger than

national regulation 0 % (robust . )
& J ) 3), we recommend a reliability analysis

Tune mainly the flux tolerances
specifications 5,0% - e.g., ensure that the max energy light source is smaller than 340 lumen
to get a robust design

Tune flux and LED y-position tolerances
Average luminance 3,0% - e.g., ensure that the max LED y-position is smaller than 0.5 mm
to get a robust design

Tune Trimming ratio and milling value tolerances
RMS contrast 24,0 % - e.g., ensure that the max trimming ratio is about + 2%
to get a robust design
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Further statistical
evaluation for the single
regulations

Ansys



Workflow extension

Modules Qg x

H |S 205 - [x)

In order to analyze the single e g
regulations, we must extract the 5 R— b | P egtons

[ ] [ ] \i,/
additional responses from the html- ﬁ | | - ;-
file. How to do is shown in the o o lad R ¢ - P ouput noes

o Headlamp_LG_Robustness.scdocx  Ansys Speos Core Ansys Speos Qutput  XMP to image “ E Ansys Speos Output

following: @

. v Process & Script
Postprocessing

ﬁ Ansys Speos Care

1. Search for the Ansys Speos
Output node and drag and drop
it onto the arrow at the end of = S Q| &
the solver chain |

2. Click to Optimal Layout button Scenery Status overview
in the tool bar

Y \NnSyYS



Ansys Speos Output node

Double-click on Ansys Speos
Output (1)

Browse for the file
Lightguide.Report.html in
...\SPEOS isolated
files\LightGuide.speos\Lightguid
e.Report.html

Set the orange split path position
Search for “1.value”

Define all intensity values via drag
and drop as responses

Click Apply and OK

Robustness

m

Br—®r—

Headlamp_LG_Robustness.scdocx  Ansys Speos Core  Ansys Speos Output XMP to image Ansys Speos Qutput (1) Lp $ >

b Speos_Report_Reader L, =
Relative to working dir ~ «_ Ol reference| | | SPECS isolated files \ LightGuide.speos \ Lightguide.Report.html |
Outputs o
|1.va|ue 5.

Mame " Value Unit
~ Results

¥ Intensity.1:33242

~ 10U-5L1

Results.Intensity.1:33242,10U-5L_1.value
~ 10U-5R_1

Results.Intensity.1:33242.10U-5R_1.value 479.41 cd
~ 10U-v_1

Results.Intensity.1:33242.10U-V_1.value 496,623 cd
~ 3D-10L1

Results.Intensity.1:33242,50-10L_1.value 409.563 cd
~ 3D-10R_1

Results.Intensity.1:33242.50-10R_1.value 295.964 cd
~ 50-20L_1

Results.Intensity.1:33242,50-20L_1.value 155.022 cd
~ 3D-20R_1

Results.Intensity.1:33242.50-20R_1.value 128.434 cd
v 5D-V_1

Results.Intensity.1:33242.50-V_1.value 555.699 cd
~ 5U-10L1

Results.Intensity.1:33242,5U-10L_1.value 394.211 cd
~ 5U-10R_1

Results.Intensity.1:33242.5U-10R_1.value 386.146 cd
v 5U-20L1

Results.Intensity.1:33242,5U-20L_1.value 184.489 cd
v 5U-20R_1

Results.Intensity.1:33242.5U-20R_1.value 94,937 cd
v 50V 1

Show additional options

Responses

| Results.Intensity.1_33242.10U_5L_1.value
| Results.Intensity.1_33242.10U_5R_1.value
| Results.Intensity.1_33242.10U_V_1.value
| Results.Intensity.1_33242.50_10L_1.value
| Results.Intensity.1_33242,50_10R_1.value
| Results.Intensity.1_33242.50_20L _1.value
] Results.Intensity.1_33242.50_20R_1.value
| Results.Intensity.1_33242.50_V_1.value

Results.Intensity.1_33242.5U_10L_1.value

Results.Intensitv.1 33242.5U 10R 1.value

Output slots
Standard slots

s~
479.41
496.62
409.56
295.96
155.02
12843
555.69
30421

386.14 ¥
>

OK Cancel
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Execute the workflow

8. Right click on the Robustness System and click Start from here

—> For all designs, the additional responses are extracted from
the Speos Report file without re-running the simulations

— The postprocessing opens automatically

Edit...
Connect nodes... Ctrl+Alt+C

-, Design flow »
'V"' g Show Postprocessing

Headlamp_LG_| Robustness scdocx  Ansys Speos Core Ansys Speos Output XMP to image Ansys Speos

Show working directory

Start from here 1 .
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Results of the Robustness Analysis

Review the COP matrix in the
optiSLang postprocessing to
identify and understand important
tolerances

The regulations are mainly affected by

* Energy of the surface (Flux)
* LED position in y-direction

Review the corresponding metamodels to
understand the scattering of the intensity
Va I u e S . R it ol Progrei s o AP e

Results.Intensity.1_33242.Beam_pattern_1.value [

Results.Intensity.1_33242.H_5R_1.value |
Results.Intensity.1_33242.H_5L_1.value [
Results.Intensity.1_33242.H_20R_1.value
Results.Intensity.1_33242.H_20L_1.value [
Results.Intensity.1_33242.H_10R_1.value
Results.Intensity.1_33242.H_10L_1.value [

Results.Intensity.1_33242.HV_1.value

Results.Intensity.1_33242.5U_V_1.value [
Results.Intensity.1_33242.5U_20R_1.value [
Results.Intensity.1_33242.5U_20L_1.value [
Results.Intensity.1_33242.5U_10R_1.value
Results.Intensity.1_33242.5U_10L_1.value [

Results.Intensity.1_33242.5D_V_1.value
Results.Intensity.1_33242.5D_20R_1.value
Results.Intensity.1_33242.5D_20L_1.value [
Results.Intensity.1_33242.5D_10R_1.value |
Results.Intensity.1_33242.5D_10L_1.value

Results.Intensity.1_33242.10U_V_1.value
Results.Intensity.1_33242.10U_SR_1.value
Results.Intensity.1_33242.10U_5L_1.value

RMS_contrast
Number_of_rules_passed_limited
Number_of_rules_failed

Average
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Top_milling_radius

Trimming_Ratio

LED_delta_y
Parameter




Results of the Robustness Analysis

Review the scattering of the single
regulations

1. Open Limits under Edit in the menu bar

2. add upper or lower limits for the outputs
that shall not be exceeded
,Safety limit” for customer specifications
,Failure limits” for national regulations

3. Click OK in the Limits window

4. Search for Histogram in Visuals on the
right side of the optiSLang
postprocessing window

5. Drag & Drop the Histogram into the
postprocessing scenery

File = Edit View Windows MOP Help
T External files and processes... j Egi

Limits...

Characteristic values (Beta)...

k . -
Dimension groups...

ist:

Palette (Beta)...
2nd: Cluster analysis » & 4
3rd: |RMS_contrast ~
Hide plot settings

Visuals F x

Approximaticn
Data mining
Miscellanecus
Optimization
Reliability
Statistics

TTTTIETDE

* Box whisker plot
' Coefficient of Importance

& Correlation coefficient

| B Correlation matrix

4
| PCA data
4 Probability plot (Beta)
& Statistical data
| B Traffic light plot

™

2

. Weighted principal component val...

E Limits ®
Dimension Safety Limit Failure Limit
1 EA\rerage 160000
2 Number_of_rules_failed 0
3 MNumber_of_rules_passed_limited 2
4 ResultsIntensity,1_33242.10U_5L_1.value 1000 a0 1200 2
5 [Results.Intensity.1_33242,10U_5R_1.value 1000 a0 1200
6 [Results.Intensity.1_33242.10U0_V_1.value 1000 a0 1200
7 [ResultsIntensity.1_33242,50_10L_1.value 120 1000 20 1200
2 [Results.Intensity.1_33242.30_10R_1.value 1000 a0 1200
9 [Results.Intensity.1_33242,50_20L_1value 60 1000 A0 1200
10 JResults.Intensity.1_33242,50_20R_1.value 300 40 1200
11 Results.Intensity.1_33242.50_V_1.value 1000 280 1200
12 [Results.Intensity,1_33242,5U_10L_1value 1000 a0 1200
13 [Results.Intensity.1_33242.5U_10R_1.value 800 a0 1200
14 [Results.Intensity.1_33242,5U_20L_1value 60 1000 A0 1200
15 JResults.Intensity.1_33242,5U_20R_1.value 300 40 1200
16 Results.Intensity.1_33242.5U_V_1.value 1000 280 1200
17 [Results.Intensity.1_33242 Beam_pattern_1.value 1000 1 1200
18 [Results.Intensity.1_33242.H_10L_1.value 1000 280 1200
19 [Results.Intensity.1_33242.H_10R_1.value 300 280 1200
20 [Results.Intensity.1_33242.H_20L_1.value 150 1000 100 1200
21 Results.Intensity.1_33242.H_20R_1.value 500 100 1200
22 Results.Intensity.1_33242,H_5L_1.value 1000 360 1200
23 Results.Intensity.1_33242.H_5R_1.value 1000 360 1200
24 [Results.Intensity.1_33242.HV_1value 1000 400 1200
25 RMS_contrast 0.2
Cancel
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Results of the Robustness Analysis

00

10.

11.

The

12.

Save the postprocessing to keep the
limits

Click on Histogram to activate
Choose a regulation

Click on Show Statistical data in the
Histogram plot

Check distribution and statistical
data in the histogram plot.

Optional: Select a Probability density
function and histogram classes

probability to exceed the

maximum specification: 5% (Sigma level:
1.75)

minimum national reg.: 0 %
maximum national reg.: 0 %

Re-do Step 7-10 for all other
regulations

| File Edit View Windows MOP Help

R > B > eH &
FEHE Owe Q. OHHD : %9 @ D L
CommoMEettings g X
OUTPUT : Results.Intensity.1_33242.HV_1.value
Hide dimension selection P g
Sr .
- i S
1st: |Results.Intensity. 1_33242.HV_1.value w 7 Fitted PDF - NORMAL
2nd: | Results. Intensity. 1_33242.50_20L_1l.value ~ | 4 P dillf Histogram
arn . |-
3rd: |RMS_contrast w [S] FIMRR Wit
Safety Limit
Hide plot settings [T
£si
Show settings for: | Currently active plot d =]

dlb Histogram é 1
<}
Fitted POF: Mone W ]l_ 1
Sigma level for PDF: |6.DD ot .
400 800 1000 1200
Histogram classes: | 10 OUTPUT : Results.Intensity.1_33242.HV_1.value
E LT L Show Statistical data 9
Show limits:
Show probability: B Statistical data
Show process capability: [ Min: |536.25 Max: |1065.3
Mean value: |803.064 Standard deviation: |112.443
Hide design selection Cov: |0.140018
Select all Invert selection Skewness: | 0.154773 Excess kurtosis: |-0.469346
Design selection: |I Limit : Failure Limit 10 b
Show details Lower value = 400 Upper value = 1200 Total
) L P_rel: |0 0 0
Show design activation
Sigma-Level: |3.5846 3.5301
Hide parameter values _— —
Limit : Safety Limit 1 n:
L] show deactivated parameters Lower value = not set Upper value = 1000 = oGl
Update values P_rel: 0.05 0.05
Use current design values Sigma-Level: 175142

Confidential

— \nsys
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Coloring Designs

Ansys



Results optimization using the Adaptive MOP

1. Dragthe ,Designtable” into the | === 2 D
. Activation Id Feasible Status Style Numher_of_rule\;_passed_limited Average Number_of rules_failed RMS_contr.™
POStprOCGSSIng ] 019 true Succeeded4 031175 0 0.142654 Visuals 8 x
. . . 2 089 true Succeeded 4 317930 0 0.131098 Search for
2. Sort the designs for a specific | . s o bz | S oo
|nput or Output 4 021 |tme SucceededS 1386 0 0.1 :v\r- Data mining
5 0.60  true Succeeded?. 309229 O 0120432 Tt DESigntable
3. Mark some designs and right - CHIE uccected] |2 RS o T = 2D Anthill piot
) : Export... Ctrl+E 13472
click to change the style g g - # 50 Cowd it
8 . - dlecton mode X _ i+ Parallel coordinates plot
4. Checkinthe MOP where the ° ' = oty N [osee | " 2’:’,22‘;'.31
. . 10 . . |J.z11-1z? ’
feasible designs are located . o o = s [ Parametrization
' Activate all e - .
T T - | — 0 conor. MK | | OPtimization
45“/ _‘ < o o Color Default P Reliability
' d \ Selection mode: (@ Designs () Columns () Individual Cells C Red » P Statistics
Green

palIWI|"passe N4 Jo JaquinN

|

=
2201.04 7" 00~
Flux7 1(’\(“‘“\
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Check Solver Noise

Ansys



Check Solver Noise

How to setup the system in order to control the solver noise is shown in the following

1. Drag the sensitivity wizard onto the head of the solver chain

File Edit Project View Help
"EEHEIPp-ED R N Q
& * LG_optimization_AnsysSPEQS B Wizards

Scenery  Status overview J‘ Solver wizard

1 fa Sensitivity wizard

L‘“ Optimization wizard
Lll Robustness wizard

L’? Reevaluation wizard

Modules

©2023 ANSYS, Inc. Unauthorized use, distribution, or duplication is prohibited. \nsys



Check Solver Noise

2. Change the Parameter type for one Parameter to Optimization
(will not have an influence but needed to setup sensitivity study)

3. Click Next

4. Click Next in the Criteria window

B8 sensitivity Wizard m] X
Parametrize Inputs :5.
- . L
Parametrize the inputs A
Mame Parameter type  Referencevalue Constant  Operation Value type Resolution Range ™
1 LED_Position_x Optimization 2 0.903501 O REAL Continuous -1 1
- &
2 LED_Position_y Dependent 2.2629 O 26280600...
3 LED_Position_z Dependent 0.799686 O i
- - P ! 79968539...
4 Top_milling_radius Stochastic 0.1 [l REAL Continucus
5 TR.CP1 Dependent 92.6609 O 92.6609™...
6 TR.CP2 Dependent 85.3106 | 85.3106"...
7 TR.CP3 Dependent 79.6048 O 79.6048*...
8 TR.CP4 Dependent 67.1027 O 67.1027*...
g TR.CP3 Dependent 15,6854 O 15.6894*... v
< >
Import parameter from system -
Next > Cancel Help

©2023 ANSYS, Inc. Unauthorized use, distribution, or duplication is prohibited. \n sys



B8 sensitivity Wizard m} x

Check Solver Noise 3 8

Specify the sampling method

Adaptive sampling
O O Adaptive Metamodel of Optimal Prognosis (AMOP)
» Show additional settings O O Bayesian Adaptive Sequential Sampling (BASS) (Beta)

3. Choose Full Factorial as Sampling method © e

O O Advanced Latin Hypercube Sampling

a n d C I i C k N ext © O space filling Latin Hypercube Sampling

O O Other (see next page)
@ Number of samples: 243

4. Disable Create MOP

O O Replace Constant Parameter
QO O While Loop

5. Finish the wizard

@® No start designs
O Define start designs manually

Simulation runtime: Short Ioni

6. The new sensitivity system will be created
automatica”y: < Back Cancel | Help

B8 sensitivity Wizard O X

Additional options =i=
ﬁ Sen5itiVity | 4 Define additional options A

Algorithm Postprocessing
[ | [ Show postprocessing during algorithm run
\” : postpi g g alg

Minimum designs required: 1 -

v

Headlamp_LG_Robustness.scdocx  Ansys Speos Core  Ansys Speos Output  XMP to image Postprocessing (1)

Show Postprocessing on algorithm termination
O Wait for user-interaction to continue
Show reduced data-set if available

[ Create MOP 4 .

Tested metamodels | Polynomial + MLS + isotrop. Kriging
Variable reduction |Filter minor important

Show postprocessing

Inputs Qutputs
Paramete mportance Response Use  Minimum Vax
TR_CP Selectable ®  Average

2 10 (02 Calactan

5.

< Back Cancel Help

2023 ANSYS, In istri ication i ited. \nsys




Check Solver Noise ) e
-

Headlamp_LG. Rbustness.scdocx Ans sSoS Core Ansys Speos Output  XMP to image Po:t’n;e%in (1)
7. Open the Sensitivity system by double
click on the systems head
Go to the Dynamic sampling Tab
. o o & Sensitivity O x
Disable Dynamic sampling 8.
Parameter  Start designs Criteria Dynamic sampling ~ Other  Result designs
L1 Dynamic sampling 9
Sampling type: Full factorial
Number of levels: |3
Number of designs: 243
Show additional options OK Cancel Apply

©2023 ANSYS, Inc. Unauthorized use, distribution, or duplication is prohibited. \n sys



Check Solver Noise

10. Go to the Start designs Tab

10
H H M M M & Sensitivity O x
11. Right click in the first line to add
- Parameter  Start designs = Criteria  Dynamic sampling  Other  Result designs
refe re n ce d ESIgn 1d Eeacihla Nunlicater  Gratuce Elind Flux2 LED_Position_x LED_Positien_y LED_Position_z LED_delta_x LED_delta_y
Copy Ctrl+C ) ) ) ) . .
1 . an | new design | new design new design new design new design | new design
. . . Paste Ctrl+V
12. Mark line one and duplicate the first
Export... Ctrl+E
L] L] L]
line 5 times (e.g., using Ctrl+D)
Selection mode 4
Sert by 4
Resize columns to contents
Add design
# Sensitivity [m| x = £ 1 1 o
> Add reference design
Parameter  Start designs  Criteria Dynamic sampling Other  Result designs 12 Add reference design ~
Feasible Duplicates Status  Flux1 Flux2  LED_Position_x LED_Position_y LED Position_z LED_delta x LED_delta
N Shon aditonl optin ok || conce [y
0.903501 2.2620 0.799686
32 Pen.. 200 200 0.903501 2.2629 0.799686 0 0
43 Pen 200 200 0.903501 2.2629 0.799686 0 0
54 Pen.. 200 200 0.903501 2.2629 0.799686 0 0
6 new design | new design | new design new design new design new design | new design
< >

Show additional options

Add reference design ~

OK

Cancel

©2023 ANSYS, Inc. Unaut

rized use, distribution, or duplication is prohibited.
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Check Solver Noise

13. Go to the Other Tab
& Sensitivity O *

14- Enable SOIVe duplicated dESignS Parameter  Start designs  Criteria  Dynamic sampling  Other

Show working directory settings 13 .

15 . P Fess Apply an d O K Show design directory format settings

Show postprocessing settings

16. Save and Execute the workflow e
Solve duplicated designs 14.

Solve violated input constraints

Result designs

[ Solve start designs again

[ Solve reference design

[ Preserve start design IDs

. * LG_Robustness - optiSLang =tting5
File Edit Project View Help 16.
* LG_Robustness

OK Cancel -A I
Scenery  Status overview —

= Sensitivity >

o ’. .
[ J —P S
Headlamp_LG_Robustness.scdocx  Ansys Speos Core  Ansys Speos Output  XMP to image Flprommng (1)
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Check Solver Noise ) R——

v £ 3

b ;,—,‘, L‘%v"u ) EZ ) Q

Headlamp_LG_Robustness.scdocx  Ansys Speos Core  Ansys Speos Output  XMP to image Postprocessing (1)
17. Open the Sensitivity system by double
click on the systems head .
Sensitivity O >
[ ] 18.
18 GO tO the ReSUIt des'EnS Tab Parameter Start designs Criteria  Dynamic sampling Other  Result designs
...... | d Feasible Duplicates Status Average  Mumber_of_rules_failed  Mumber_of_rules_passed_limited =~ RMS5_contrast
1 D1 true Succeeded 163777 0O 0 0.154743
. 2 0.2 true Succeeded 162385 0 0 0.158088
Check the scattering of the output values.
. . . . 3 0.3 true Succeeded 161764 O 0 0.157384
To identify the important tolerances a high Jo et R . s 150551
simulation quality is necessary. However, 505  true Succeeded 161492 0 0 0.155023

the maximum difference between the
results should be less than about 5%.

Selection mode: ® Designs © Columns O Individual Cells [ Instant visualization Use as start design(s) ~

Show additional options OK Cancel | Apply
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