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Automation of Finite Element Analysis on

the example of high-pressure injection valve
Andrzej Ziombra
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High-pressure injector - HDEV5
Variablility of spray form
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High-pressure injector - HDEV5

TEYD

Injection holes
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HDEYV - Variants of injection holes
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The challenge : 300+ design variants per annum

DS — pre-stage diameter

DE — injection hole diameter

L — length of injection hole

R — rounding radius of pre-stage
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HDEV 5 - FE Model

bonded contact

frict. contact
needle/valve seat
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HDEVS5 - FE Model creation

@ A Static Structural - Mechanical [ANSYS Mﬂchanfcal]&nag_

| File Edit View Units Tools Help || @ | #solve v ?/Show Errors
75 NE - BEEE & S a & E S
F_'/_Show\"eﬁices %@Wi{eﬁame | F‘EaShqw Mesh f'\ ﬁ‘R_andom Colefs &
| MEdge Coloring v A~ 1v A~ A~ A~ X Il Hi
|Model | ® Construction Geometry | 8 Virtual Topology

— e create contacts and
jfer Name - 4 +lm their settings

@ Project
= & Model (A4)
- 4 Geometry
-5 Ventistz
& Huelse
[ 8 Nadel
-4+ Coordinate Systems
=8 Connections
E-,{@ Contacts
-/, Frictional - NS_Konta To Rigid_Target
: ‘,'IK Bonded - NS_SN_VS_VH To NS_SN_VH_VS
- Mesh

- S Named Selections
=-,[3] Static Structural (AS]\
-7 Analysis Settings ° Create Sets

ﬁ,. Remate Force

/B Pressure
-/, Remote Displacement
/B, Fixed Support

=-,/#] Solution (A6)
/31 Solution Information

b re ad i n g eo m etry - M8 Equivalent Stress

A Eqv_SL_1_E

e divide volumes RS

Create Sets e M Equ:sL:1:\.'s:AusLauf / ¢ Create reSU|tS Sets for
° Eqv SL 2 E :

::::::E E%X:Zt%:ﬁs o evaluation

o M Eqv:SL:E:\u'SiAu'sEuf

- M Equ_SL_3_E
- M EQu_SL_3_A

 assign materials to parts

 assign mesh settings to
volumes, surfaces, lines

 define loads and BCs
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Flow chart

Excel / VBA
—— create data ——— import coordinates —— start Ansys
| define parameters
Y
INpUt.txt RunWB2.exe
param.txt
Y .
geometry.js time
Y Y
JScripts Design Modeler @
= for valve seat
preprocess Template Model Report.pdf
Ansys Mechanical > report.js —> S
results
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Automation of FEM Simulation A s

How It Is possible?

It is all about sets — named selections required for contacts, mesh, loads, a.s.o.
An example: create set for pre-stage radius of injection hole No.2 :

VS Rad 2
Generate
| Action Entity Type Criterion Operator Units Value Lower Bound Upper Bound '\ Coordinate System
Add Face Type Equal N/A Torus N/A N/A N/A
Filter Face Location Z Range mm N/A -1 1 Batch_3_Pts2
Filter Face Location X Less Than mm 01 N/A N/A Batch_3_Pts2
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Automation of FEM Simulation

Journal in WB

Python

Static Structural

& Engineering Data
ﬁi‘l Geometry
@ Model

@@ setup
Solution
'9 Results
52 Parameters

F |

o~ | o | AW N d

lpd Parameter Set
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design_ = "x_Uentilsitz" # valuve seat basis

TemplateDir = "x_Template™

# read in parameters

£ = open{workingDir + “param.txt","r")

variante = int{f.readline()} # variation of injection holes
nr_loecher = int(f.readline())

f.close()

myPath = """ var title_=new String("x_change™)

Open{FilePath = TemplateDir + "Uentilsitz.wbpj")}

system! = GetSystem{Hame="3Y5")

geometry = system1.GetContainer{ComponentHame="Geomet
Save{FilePath="C:\\FF25\\Sinulationy\" + title + "\\" +title + ".uwbpj", Overwrite=True}
# function for checking if there are any free DM licenses
check_DH lic()

# create geometry

geometry . .Edit()

scripti=gpen( Ce kidptessgeometry.js’, "r°)
geonetryf SendCommand{Connand}= myPath + scripti.read(})
scripti.close();

geonetry . .Exit()}

Save()

#

##t create FE model

def main ():
component2 = systeml.GetComponent{Name="todel"}
component2.Refresh()
nodel1 = systeml.GetContainer(ComponentHame=""Hodel™}
## create FE model
nodelq.Edit()

script2 = open{'C:y\Fastfem? 5\\Skripte‘imechanical2.js', "r'}
modeld |SendCommand{Commandy myPath + script2.read{})}
componen = systeml.GetComponent{Hame="todel"}

component2.Refresh()
nodel1 = systeml.GetContainer{ComponentHame=""rodel"}
script2.close()
model1.Exit()
#
component3 = systemi.GetComponent({Hame="Setup"}
component4 = systemd.GetComponent{Name="Solution"}
component3.Update{AllDependencies=True}
tmpSetup = system!.GetComponent({Hame=""Setup"}
cStateSetup = GetComponentState{tmpSetup)
#
if cStateSetup.State.ToString() *= "UpToDate":
f = open{workingDir + ror_Hodel.txt
f.write{ "There is an error in the model™)
f.close()
return()
try:
componenty.Update (AllPependencies=True)
except:
f = open{workingDir *+ “Error_Solution.txt
f.write{ "solution is unconverged or there is an error in the model™ )
f.close()
return()
component5 = systeml.GetComponent{Mame="Results")
component5.Update{AllDependencies=True)
nodeld.Edit ()
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Scripts in Ansys WB

var PF1 = agb.FPoint{agc.FPointConstruction, agc.FPointCoordinateFile);
PF1.Hame = "BoxPoints™;
PF1.CoordinateFile = quelle +"input.txt™;

agb.Regen{);

/f delete default contacts

i

var conta_=DS.Tree.FirstActiveBranch.ContactRegions;
count_conta_=conta_.Count;

- A
8 7 Static Structural for (var ic=1; ic<{=count_conta_; ic++) {
2 @& Engineering Data

DS.Script.changeActiveDbject{conta_(ic).ID);
3 0 Geometry

v
v
4 @ Model W DS.Tree.CanDeleteltens();
> @ | la? Javascrlpt DS.T[EE.E:iﬁEEEEEiHiCR = true;
6 @% Solution v D5 .EnableRefreshParameters = true;
7 |@ Results v

8 |(! Parameters
; currEnvi = branch.Environment; 7/
Static Structural command = currEnvi.AddCommandEditor{) ;

"* APDL CODE " + paraml + "yn" +
"/GRAPH,FULL “n" +

“fRGB,IHDEX, 8, 8, A8, 8 *n" +
[pd Parameter Set "“/RGB,INDEX, 68, 68, 60,13 \n" o+ APDL COde
“fRGB,IHDEX, 88, 84, 8B@,14 An't o+

"/RGE,INDEX,100,100,100,15 \n" + “ in JavaScript

command . Text += msQ;
DS .Script.fillTree(};

examples of JavaScript code

BOSCH
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HDEV5.2 MIM-Sitz Parameter-Modell

Statische Analyse fiir Einbau im Kompletventil

R
erstellt am

s

von:

geprift von:

Expression Liste: 0261_Y10_917_50_AP1exp
von Mises Spannungen [MPa]

Stelle
Lastfall
1

Spritzlocheinlauf

Variante Kraft

SL1 SL2 SL3 SL4 SLS
352 348 336 349 352

180 325 i

HDEV 5.2

SL6 SL7 SL8 SL9 SL10 SLi1 SL12 SLi3

SL14 SL1i

Stelle Spritzlochauslauf
Lastfall

1

365 328 360 328 364 295 :IiNUELENENEITIE

Stelle Vorstufe

Lastfall

excelApp.fActiveCel
sheet .Range("'D )
excelapp.ActiveCell=Fforce_

sheet .Range( ‘}.Select()

excelapp.ActiveCe sion Liste:
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Postprocessing

Equivalent Stress
Type: Equivalent (von-Mises) Stress
Unit: MPa

*User defined plots, legend, views

- *Figure generation
g eAnnotations only with APDL
- *Parametric results

DS .Script.doInsertSolutionEquivalentStress{1)
ListUiew.Activateltem{Scoping HMethod"};
ListView.Itemalue = "Hamed Selection™ ;
ListView.Activateltem{ 'Hamed Selection")};
ListUiew.ItemUalue = "SL_"+{k-1).toString{)+" E"
ListUiew.Activateltem{Display Time™);
ListUiew.ItemUalue = j ;
ListUiew.Activateltem{ ' Haximum"}
ListView.SelectedItem.IsChecked = "true™ ;
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Connecting external programs - PDF3D

Ansys Project Ansys Mechanical

0
120 360 600
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Summary

U Standardization of the process

U Best practice incorporated

U Relief of simulation engineer from standard routines
U Reduction of errors

U Time/Costs reduction

U Parameters enabled for optiSLang (optimization)

U Tool for non simulation engineers
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Thank you for your attention
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