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optiSLang

IS a general purpose tool for variation analysis
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Variation analysis (CAXx)

e (automatic) evaluation of CAx processes i S

e without parametric
e repeat persevative tasks
e standardized
e automatized
= QA for Simulation processes
= Democratization of Simulation

e with parametric
e Parametric Study (DOE)
e Optimization

 Tolerance Analysis
e Design for Six Sigma
=>» Better product in less time
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Variation analysis (CAX)

Response variables

The CAX process  Outputs from the

Generates the system
Variables results according
Entities that define the to the inputs

CAX model
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Design Understanding

Investigate parameter sensitivities, Desi gn Im provement
reduce complexity and Optimize design performance

generate best possible meta models

CAE-Data . .................

g

Robust Design

Measurement
Data

Model Calibration

Identify important model parameter
for the best fit between simulation

Design Quality
Ensure design robustness
and reliability

and measurement




optiSLang fan model




optiSLang fan model

s L AESES

a computer cooling fan is a type of axial fan,
attached to a computer case used for active
cooling. Depending on the location of the fan,
it may serve to draw cooler air into the case
from the outside, expel warm air from inside,
or move relatively colder air across a heat sink.
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optiSLang fan model

The main objective is to increase the fan
efficiency which is the ratio between the power
transferred to airflow and the power used by the
fan.

* power transferred to airflow (W, Nm/s)
Pairflow =AP* Q
where,
AP = total pressure difference (Pa)
Q = air volume delivered by the fan (m3/s)
e power used by the fan (W, Nm/s)
Pian=T*w
where,
T = Torque of the fan wrt rotational axis (N*m)
w = rotational speed (rad/s)

fan efficiency
finally,

ufz Pairflow/Pfan
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optiSLang fan model

Setup for the simulation model

Boundary Conditions

* inlet

mass flow rate = 0.04 kg/s

* outlet

Average static pressure= 0 Pa
* rotor

w = 2400 rpm
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optiSLang fan model

Setup for the simulation model = CRAESES

BOAESES 1 MO0 WM & D:/Projekte/Markus_Wagner/7_CASES/4_0SL_2/cooling_fan_files/dp0/CustomIntegration_CAESES-1/ICustomIntegration_CAESES.opd/cooling_fan.fdb* Quick Access (Crrl+Q) [ = o x
Fie CAD Connections Optimization Visualizaton Featres Viewn Hep @ 7 @ | » L )
[ERENE oo o] R ToE N BS) 6 oo« T Sk % [ ]
Tipe Name  Quick Find (Ctrl+F) Al | =
0 -
FScope I [C] 01_functions @ | final | lE‘
FScope I [C] 02_parameters = = = o
FScope 4 [T] 04.geo P §
FScope b [ 00_casing P S_
FScope 4 [ 01 rotor Export a =
FScope 4 [ 00_shroud : = ==
FBrep * shroud Filz Namz | cooling_fan.stp e =
FCirde + ' shroud_profile_start , a %
FParameter [&] shroud_radius Type = > @ a =t
Flranslation ot -
FScope 4 [ 0i_hub Display Options e &
FBrep + hub x . @
FCirde + 4 hub_profile_start Color I @ 7e = E
FlmageCurve + & hub_profile_end - Sn
FParameter [&] usable_casing_depth T
FRuledSurface + s_hub @ =
Franslation 1o itt ¥
| Firanslation 2tz S| g
FScope 4 [ 02 blade 3
FScope [l merging ’%_
FScope b O] surface 2
FScope 4 [ 05_export S
FScope b [T 00_aux ]
F5cope b [C) 01_for_vis
F5cope 4 [ final
FBrep - @ rotational ]
FBrepSources ® add sources
FBrepBooleanOp... & boolean operation [ |
|FBrep - @ stational |
**=* INFOQ Temporary commerdial offline float license : Issued to markus, wagner @dynardo.de
*=*= INFO CAESES : chedking for updates ...
b [’“ INFO CAESES : no update for version 4.2.1 available
. == INFO Open project : cooling_fan [43,199 sec]
i
*
1> @E +s@8@8s 0 s vBBEae -«
Project Units: |meters B baseline M@ | [ |Global System - | GridScaling: 1
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ANSYS optiSLang — Integration Methods

ANSYS Workbench plugin

optiSLang

Direct

& Geometry

Setup v

5F solution v

— [iiﬂ Parameters
Mawwel|Z2DDesignl _l

| rp-J Parameter Set |

2 . Sampling v
3| mMoP v
4 | & Results v

Robustness
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Openness — open and programmable architecture

Ce, 0(‘

e Plugins
e CAXx Toolintegrations

e Algorithms Databases CAX TOOlSa
e (PLM-) Databases - \

\ 5
O

0O

Q)

~r

e Interfaces —
- Batch ) v g
6

= Scriptable (.py) Al i
e Shared libraries (.dll, .so) goritnms

e Remote control (TCP/IP)
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CAESES & optiSLang: 201x

Customer uses both tools together since 2010/11
e Textinterface Solect a task 2 PuramatorTice
- Parametrize input file | execute aprogram, script o command

execute a program, Script or command

e Run FFW/CAESES in batch (” sl
optiSLang v2/v3 ] o e

ﬁ copy of p2_red
9resnon&3.‘t>¢
Since optiSLang v4 ?j;j:jf"“-“@

? solldd 1
Q Ev( (vertkal, 1,1, 51

Wector slement of vers_v_soll

e E w( (horizontal, 1,1, 5)
I l wers_v_soll

' wers_h_soll

I w signal section

I ‘ tobustness seclion

I @ relisbility section
2 @ objective section
¢ @@
% dift_y
% dift_h

$ constraint section
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CAESES & optiSLang now

e Custom Integration (Plugin)
e 2016 Available @Dynardo-support
e Since Feb. 2017 built-in

CAESES Butin

Customized

Wizard supported

CAESES input node

¢ Define parameter

* Autoparse Designtable
®* Read and write txt files

Solver call
®* Batch / Bash

* Single solver or script call

®* Timeout and N parallel
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CAESES & optiSLang now

e Parametrize&Update Geometry
e Connect to Mesher/Solver

e Solve

e Return Results

-
) Solver Wizard
Solver paradigma
If your solver is not listed, cons
|2:IscﬂwareﬂnhegraﬁonstAESESfexample_ﬁlesfz_voluhefvoluhe.fsc
Inputs
caeses Q| [ome
& 00_parameter volute, fsc CAESES ANSYS Workbench
PTEFETEHCES £ outletParameter
| DX
factor_RADIUS_OUTLET
23 ]
00_parameter.volute AR_MIN 4 9
- _00_parametervolute RADIUS INLET 50 10
Iﬂt aces - _00_parameter.volute. TONGUE_FACTOR 07 11
E erf - _00_parametervolute TONGUE_WIDTH_FACTOR 1 12
[l shapeParameter
wvolute.shapeP AB_MAIN 1 13
F volute, P; AB_MIN 15 14
EF NURBSWEIGHTS
CAESES - _00_parameter.volute.shapeParameter. NURBSWEIGHTS factor_Inner_Upper 1 15
CRESES _00_parameter.volute.shapeParameter. NURBSWEIGHT S factor_Outer_Lower 1 16
- _00_parameter.volute.shapeParameter, NURBSWEIGHTS.factor_Outer_Upper 1 17
= 01_geometry
- 05_tonguehrea
(- 03_tongue
=) endProfile_withOptimization
o 0lg y.05_tonguehrea.03_tong IProfile_withOptimization.endF... 086610574 18
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Two new categories inside ANSYS Workbench

Use optiSLang integrations directly in ANSYS Workbench

= Process chain elements

_ = Process chain elements

E} P Integrations El P= Add-Ins

' Q ANSYS Workbench (@) Generste Sos
& bl & optisLang Integrations | I@l SignalMOP_Solver 505
""" :,hu MATLAE E. Data Receive(Beta) L (al

= /_\@_h:l SignalMOP_SoS : :
pomt—" MOP Sokeer = Data Send (Beta) ’)\‘ |E| optisLang Custom Integrations
’)\“ ' L b) &) Generate So5(Beta)
b) & Excel (Beta) s ) SignalMOP_Salver_SoS (Beta)
i.t MATLAE {Beta) ul SignalMOP_So5(Beta)

4 MOPSolver

= Same Look&Feel in optiSLang and Workbench

= User can stay in Workbench

= More flexibility in Workflow management
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Back to task

r/7_CASES/4_0SL_2/cooling_fan_files/dp0/CustomIntegration_CAESES-1/1

L - A - B
D[ & = < b 105 exportifinal a0 x| W _t 1 1
Y Fscope | g 2 ) Geometry ‘_/—-2 @ setup v .
@ | final |E| 3|. Mesh v 3 @ solution v 4
°
General . Mesh 4 9 Results v .
J 5 ['p:l' Parameters
a CFX
File Name | coaling_fan.stp | o e a =
Type |_‘ exportstep ! - | o & N
Display Options
= |l'p7 Parameter Set
Color | |'| Q@ 7 @ Z
-
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CAESES Workbench plugin

e Parametrize&Update Geometry
e Connect to Mesher/Solver

e Solve
8~ . coolingfan-Workbench

File  View Tools Units optSlang Extensions Jobs Help

@@@@_/ [H proj ect

- dlmport... | 9 Recornect [§) Refresh Project # Update Project HUpdateAlDes'mPohts| B8 ACT Start Page

ox Project Schematic

Analysis Systems

Component Systems

— ‘O .
Design Exploration 2 4 2

External Connection Systems 2 | i) Geometry ‘-/"2 @ setup v 4
= optiSLang —>3 |r|ﬂ' Parameters 3 @ Mesh v 4 3 @8 souton v
1 Optimization CAESES 4 [5d Parameters 4 @ Results v o4
B Robustness Mesh 5 [5d Parameters

1 Sensitivity

CRX

[ B optisLang Custom Integrstions |
() CAESES (Beta)

Qj Generate_So5(Beta)

() SignalMOP_Solver_SoS(Beta)

) SignalMOP_So5 (Beta) |59 Parameter set
| B optiSLang Integrations |
[, Data Receive (Beta)

.~ Data Send (Beta)

® EK

@ Excel (Beta)

& MATLAB (Beta)

4y MOPSolver

Qj optiSLang Pre{Beta)
(@ acT
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CAESES Workbench plugin

e Parametrize&Update Geometry
e Connect to Mesher/Solver

A B C D
1 i Parameter Name Valuz Unit
b S O Ive 2 E InputParameters
f,a‘ 3 B ) CAESES (A1)
Tools Units optiSlang Extensions Jobs  Help 4 rp P13 _02_parameters_01_rotor_00_hub_R_hub 0,4
I—“—H—”—| EH Project \ 5 rp F19 _02_parameters_01_rotor_01_blade_CAMBER_ANGLE_AT_HUB i]
3 rp P20 _02_parameters_01_rotor_01_blade_CAMBER_AMNGLE_AT_SHROUD 0
Lo S | 9 Reconnect [§] Refresh Project  Update Project /7 Update AllDesign Poin [ fh P21 _02_parameters_01_rotor_01_blade_CHORD_AT_HUB 0,4
a l"p P22 _02_parameters_01_rotor_01_blade_CHORD_AT_TIP 0,7
Analysis Systems =} rp P23 _02_parameters_01_rotor_01_blade_PITCH_AT_HUB 0,4
Component Systems 10 rp P24 _02_parameters_01_rotor_01_blade_PITCH_AT_TIP 0,1
Custom Systems &3 rp MNew input parameter Mew name Mew expression
Design Exploration 12 = Output Parameters
Bxternal Connection Systems 13 B @ crx (D
B optisLang —3» 3 |["|§J Parameters 14 pd P2 Total Pressure Difference 140,2 Pa
! Optimization CAESES 15 pd P3 Density Inlet 1,185 kgm"-3
B Robusmess 16 pd P4 Effiiency 0,88983
2 Sensitivity 17 pd PS5 Mass Flow Rate Inlet 0,04 kg s-1
| E optiSLang Custom Integrations | 18 pd P5 Torgue 0,0043019 ]
) CAESES (Beta) 19 pd P7 Current Time Step 500
w Generate_So5(Beta) 20 pd P8 Sequence Step 500
) SignalMOP_Solver_Sos(Bet) 21 =] e Mesh (B1)
) SignalMOP_So5(Beta) | (54 Parameter set 22 pd P17 Geometry Volume 8,4758E+07 mm~3
| B optiSLang Integrations | = pd New output parameter Mew expression
=, Data Receive (Beta) 24 Charts
.~ Data Send (Beta)
® EK
& Excel (Beta)
& MATLAB (Beta)
4 MOPSolver
) optiSLang Pre(Beta)
|E ACT
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CAESES Workbench plugin

e Parametrize&Update Geometry
e Connect to Mesher/Solver
e Solve

N

File  View Tools Units optSlang Extensions Jobs Help

@@@@/ [H Project \

- dlmport... | 9 Recornect [§) Refresh Project # Update Project ﬁUpdateAlDes'mPohts| B8 ACT Start Page

ox Project Schematic

Analysis Systems

Component Systems

— . .
Design Exploration 4 2

External Connection Systems 2 @ Geometry v 2 ‘ Setup v 4
= optiSLang —>3 |rﬂ Parameters 3 @ Mesh v 4 3 @8 souton v
1 Optimization CAESES 4 [5d Parameters 4 @ Results v o4
B Robustness Mesh 5 [5d Parameters

1 Sensitivity

CRX

| B optiSLang Custom Integrations |
() CAESES (Beta)

Q,i Generate_So5(Beta)

() SignalMOP_Solver_SoS(Beta)

) SignalMOP_So5 (Beta) [ Parameter Set
| B optiSLang Integrations |
[, Data Receive (Beta)

.~ Data Send (Beta)

® EK - e
& Excel (Beta)

£ MATLAB (Beta) 2| % DOE v ‘—/—02 % NPGQL v

» MOP S0l

g il 3T mop v 4 3|¢ Results v
) optiSLang Pre(Beta) Y >

4 Results I

| ACT esu Pl Optimization

Sensitivity_1
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1st Sensitivity study: CAESES Workbench plugin

e Bad Coefficient of Prognosis
- Immediately saw in Postprocessing: solution not converged for all designs

= Quick fix in model
= Restart ]

1.0e-01

1.0e-02

2 1.0e03 ]

1.0e-06

—— RMSP-Mass —— RMSU-Mom —— RMSV-Mom -~ RMSW-Mom
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Sensitivity study: CAESES Workbench plugin

1.0e+00

e DOE with 100 Designs

e 53 Succeeded

e 47 Failed due to several reasons
e e.g. to strong changes in geometry

Total Active

/

All 100 100 et | —
Succeeded 53 53 1 \v
Incomplete ] 0 ] ™

Failed 47 47 ] \
Feasible 100 100 ne g sivn sz T, e, 3T /\/‘/

?

E

W Feble  Dupkones st Syle e Db eton 00 o 00 blade CAN - blde, CAMB 1 soter 91 blode, T rcts g

1 o1 i 12078 558 asE om2 g

, g e et

3 03 .\l\l IHB Il”' Ilm Im E

5 03 e s us amn s g
787 A 00 55 AN L

w2108 = nes e (N m_g

0 om e s owm em E

n o .m- s 35 TS oM 9

wom  m en m wws e O

FERN 1§ .\l\l Iu.i:s Iw Ilm Iw ;

w om 55 Cwms s s e g

15 o | e o s o

036 = o s oo | ]

s

4

g
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Metamodel: CAESES Workbench plugin

e Very good Coefficient of Prognosis
e Use Metamodel (surrogate) for optimization

Total_Pressure_Differencer
Torque|

n
b
3  Mass Flow Rate Inletf

Geometry_Volume [ 9

Density_Inlet
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Optimization: CAESES Workbench plugin

e Optimization on Metamodel

e Efficiency: 65% - 89%
* power transferred to airflow (W, Nm/s)

Pairflow = AP * Q
where,
AP = total pressure difference (Pa)
Q = air volume delivered by the fan (m3/s)
e power used by the fan (W, Nm/s)
Pran=T *w
where,
T = Torque of the fan wrt rotational axis (N*m)
w = rotational speed (rad/s)

0.8 -

0.75-

=
N

Aua101443

.
0.65+
0.6 -

0.55+

fan efficiency
finally,
/'lfz Pairf/ow/Pfan

I

e Example was work of <lweek (engineer time) — need to be finalized
e OQutlook: Provide example as webinar and tutorial
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Optimization: CAESES Workbench plugin

e Optimization on Metamodel
e Efficiency: 65% - 89%

ANSYS

ANSYS 182
R18.2

e Example was work of <lweek (engineer time) — need to be finalized
e OQutlook: Provide example as webinar and tutorial
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CAESES Workbench plugin

A

View Tools Units optiSlang Extensions Jobs  Help

.... /EH Project \

- mport... | +pReconnect (4] Refresh Project ¥ Update Project ﬁUpdabeAlDesignpohts| o= ACT Start Page

Project Schematic

Analysis Systems
Component Systems
Custom Systems ~ A -
Design Bxploration 1 ; 1
External Connection Systems 2 ) setup v 4 2 | Geometry _/-—!
—>3 |r|';} Parameters 3@ Mesh 4
4

=4
s}

§ setp v o
@3 solution v o4

B optiSLang F]

1 Optimization CAESES PP-J Parameters @ Results v o4
’ Robustness Mesh rp_J Parameters

% Sensitivity R
|E| optiSLang Custom Integrations |

) CAESES (Beta)

() Generate_SoS(Beta)

() SignalMOP_Solver_SoS(Bets)

() SignalMOP_So5(Beta)
Eopﬁﬂ.ﬂnglﬁtegrﬁiom |
[, Data Receive (Beta)
5= Data Send (Beta)

‘® EX

& Excel (Beta) 1
& MATLAB (Beta)

4 MOPSalver

¥ DOE v ‘_/—02 % NLPQL v,
ki “ MOoP + = Results v
) optiSLang Pre(Beta) 4 |4 su Pl

ACT | L Resuts v Optimization

[ S ]

| l‘p-gl Parameter Set

- E

=4
o

B WM

Sensitivity_1

You like to try it?
Contact us: support@dynardo.de
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