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QSA scripting for (semi-)automatic valve train simulation
Schaeffler Group

Employees Sales 2010 180 locations
worldwide: approx. 67,500 worldwide: 9.5 bn euros in more than 50 countries
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QSA scripting for (semi-)automatic valve train simulation
Background

e Dynamic simulation of valve trains since 1994 at Schaeffler
e Semi-automatic in-house DOS tool exists since 1998
— Advantages:
> easy, comprehensible input (one text file)
> post processing integrated
— Disadvantages:
> simplified MMS valve spring (one body/coil)
> no enhancements of model

e Requirements for similar SIMPACK tool:
— as easy to use as previous tool
» fast and comprehensible
> one input data sheet
> automatic post processing
— up-to-date spring modeling
— prepared for RFF, tappet, type V, rocker arms, complete camshaft, ...
— handling of different versions of database (model, scripts)
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QSA scripting for (semi-)automatic valve train simulation
QSA tool

File Edit Wiew Format Scripting Animation Exfras Window Help
oz @|alercli va|d]=]8 (LEPPLEDen B> |« ap
Project Create/verify Single valve train simulation  PPT Set working
handling valve spring incl. pre/post processing export  cycle

e QSA chosen for realization
e tools are accessed from post processor
e access by additional icons
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QSA scripting for (semi-)automatic valve train simulation

QSA tool

File Edit Wiew Format Scripting Animation Exfras Window Help
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Project
handling

=3 Set project directory

P ToC f4Cy|-44 Doenyy T-Simulation/02 _Arb | Create new project ...

Database: 5:/2010-04-19

Choose from last projects ..

Outpuk: Choose existing project ...

Creating new project and copying files. ..
Creating new project and copying files, ., done.

Mext steps bo do:

- Modify {and rename) create_spring. s in directory '02_analysisi00_databaseispring_def _files'

- Expart spring in xls file ta create *.smd and *.smp files and ASCIT input Files

- Run spring calibration

- Modify ‘iprmaster_svk_parametrisation.sys' in ‘02 _analysisio0_databaseimdb_db_ip" and run simulation

Project ‘P To 4yl Dyn /W T-Simulationf02_aArb' choosen,
Database version: 5:02010-04-19

Save |

= 5impack database
hoose Simpack database: |2DID—DB—23 :

e

May 19, 2011
Page 6

2011-03-03e

Tasks:

2009-08-16
2009-10-20
2009-11-26
2010-01-25
2010-04-19
2010-08-23
2010-08-30e
2010-10-11e
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e create new project / choose existing project
e set current project

e create directory structure of new project

2|

Choose model: IFinger Follower (slh) :I

Finger Follower (slh) |
Hydraulic Tappet (tsth)
Mechanical Tappet (Estr)
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QSA scripting for (semi-)automatic valve train simulation

QSA tool

File Edit Wiew Format Scripting Animation Exfras Window Help

IDs B3 &=~

old 2@ || Qe

IS (P LD B >[4 H

Createl/verify
valve spring

=3 Valvespring calibration (2010-04-19) 2%

— Current working directory

Database dir: 5:/2010-04-19

Warking dir: P ToC/4Cyl-4¥Dyn /N T-Simulation/0Z_aArb/02_analysisi0l_valvespring_testrigiresults

Info |

— Valve spring calibration

Update spring mode fist
Press update button after selection of spring model: | example_spring_toc A
Lpdate spring datain maskl

i~ Spring data (example_spring_toc) ——————————————————————

Yalwe spring parameters - Generate spring after madification!
’70veral\ spring stiffness [Wfmm] |27

Status and process outpuE:

Ganerate spring model

Initializing. ..
warking directary set ta 'Px/Tor[4Cyl-4¥/Dyn/¥T-
Simulation/12_arb/02_analysis/01_valvespring_testrigiresults',
List of spring models and modification date:
exampls_spring_tor September 26, 2010 11:50:47
Updating spring data... reading file 'example_spring.smd"
Lpdating spring data... reading file 'exxample_spring.smp*
Spring madel 'example_spring.sys' is not created ek, Please generate spring model
First.
Lipdating spring data... reading file 'e:ample_spring_toc.smd’
Updating spring data... reading file 'example_spring_tac,smp’
Spring data s up to date.

~ Yalve spring mode| parameters - Generation resets valles!

0.0005
0.0001

Contact tolerances of current model: Edit

~ Spring data {information only) —————————————————————

Overall spring damping [Ms/mm]

Damping transition [mm]

Free length L0 [mm] 45.6
“Working length L1 [mm] 36,3
Working length L2 [mm] 6.3
Spring mass [q] 34.3

Define test rig parameters
Apply modifications to test rig+spring model: Apply
Dyynanic Sinulation
Post-processing
Frepars for SVT

Start best rig simulation:
Wiew results in post-processor:

Frepare spring model Fiar SYT use:

Close Cancel

Tasks:
create valve spring from center line

run dynamic simulation

automated post processing (force, frequency)
prepare for simulation (set to installation length)

Valva spring lesirig - sxample_spring_toc
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QSA scripting for (semi-)automatic valve train simulation

QSA tool

File Edit Wiew Format Scripting Animation Exfras Window Help

DB &|

L 4

o4

| ||| &

=4 INA single valvetrain simulation (2010-04-19)

Current working directory

Single valve train simulation
incl. pre/post processing

X

1l Tasks:

Working dir;  P2{ToC{4Cy1-4V/Dyn/VT-Simulation02_Arbf02_analysis|02_single_valvetrainfresuks

Database dir: 5:/2010-04-19

o | Y

General | Simulation | Postprocessin |

— Project settings

Praject name: [ ToC - valve train simulation with gas force

AEA Engineer: | Jurgen Butzhacher

Department: | AM/HZA-EEDZ

— Project approaches

Select approach

’VIADDrDach 1.0{no description, kin, approach 1, example_spring_tot, ASEH, SLH, )

t
Setting approach 1.0...
Approach 1.0 set.

Show model in SIMPACK:

Approach management
| Sek selected approach |
Modify ipmaster_svt_paramstrisation, sys' |
Initiali
otk chory set ko P ToC 4Cyl-4h DynjyT-Simulation/02_Arb[02_analysis/02 e
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handling of approaches, create approach from
in-house kinematic software

e run kinematic/dynamic simulation
e Dbi-lingual post processing
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QSA scripting for (semi-)automatic valve train simulation
Programming details

Scripts written in cooperation with Intec GmbH/SIMPACK AG

Complexity

e 11 files

e 140 functions

e 12.000 lines of code

Challenges

e new programming language QSA

e handling of different database versions
e feedback on progress of simulation
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QSA scripting for (semi-)automatic valve train simulation
Programming details

New programming language QSA

e QT Script for Applications (invented by Trolltech)

simple and easy (comparable to Python)

good help system

complete set of control statements (including exception handling)

nearly everything is possible or can be done by calling a shell command (e.g. for registry
access or DDE commands)

e GUI capability is limited/inconsistent
— no pictures
— arrangement of widgets limited

— in some widgets HTML syntax (font, size, color) of text is enabled (e.g. MessageBox,
PushButton. label), in others it isn't (PushButton. text, GroupBox.title)

— some widgets allow event triggered actions (e.g. LineEdit), others don't (ComboBox)

e inconsistent set of commands

— e.g. match(), find(), search(), startsWith(), endsWith() can be used for
same purpose

— array indices can be defined by strings, e.g. array[''text"] = 1, but a list of the
indices is not provided
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QSA scripting for (semi-)automatic valve train simulation
Programming details

Handling of different database versions
e Requirement: Always ensure access to existing projects

e Solution: Save database version of project and access QSA scripts of related database
using a wrapper. SIMPACK script directory contains only one file "wrapper.gs" to manage
database handling.

function WRAPPER_svt() { // called by GUI // define global vars of all databases,
// get database version // otherwise post processor crashes
dbVersion = WRAPPER_readDBFile(); var globalvarl;
// set global variables var globalVvar2;
WRAPPER_setGlobalVars(dbVersion); .-
// read scripts of db version of project function WRAPPER_setGlobalVars(dbVersion) {
WRAPPER_readScripts(dbVersion); switch (dbVersion) {
// call function in database, function case "'2009-06-16":
// needs to be defined In each database globalvarl = 1;
SVT_main(); globalvar2 = 100;

} -

function WRAPPER_readScripts(dbVersion) { break; SR <irvipack_database auf “de.ina, comih
// define paths where to find scripts case '"2009-10-20": # [5) 2009-06-16
Script.resetSearchPath(); globalvarl = 2; [ 2009-10-20
Script.addSearchDir(**C:/"+dbVersion) globalVvar2 = 300; H I3 2009-11-26
// read all scripts .. IS 2010-01-25
Script.include('scriptl.gs™); break; 1) 2010-04-19
Script.include(''script2.gs'); - 1) 2010-08-23

}
} }
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QSA scripting for (semi-)automatic valve train simulation
Programming details

Feedback on progress of simulation
e Requirement: User feedback while simulation is running in background
e Solution: Run SIMPACK in asynchronous mode

function callSimpackAsync(command) {
var p = new Process;
var out = ""';
var cmd = System.getenv("'SIMPACK'™) + "/simpack/sys/win32/msys/bin/sh -t -c ""+command+"""";
p.arguments = cmd.split(" ");
p.start(Q);
while (p-running) {
for (var 1=0; i1<100000; i++) {} // sleep
out += p.readStdout(); // get output from stdout
// print last 20 lines of "out®™ (otherwise just beginning of text is shown)
textEdit Userlinfo.text = last20LinesOfText(out);

} — Skart simulation
} | Start dynamic simulations I Start kinematic simulations | [V Select engine speed
Modify dynamic solver settings | Start kinematic and dynamic simulations |

— Status and process output

Setting approach 1.0, b =0.01153005464451 =
Approach 1.0 set, b = 0.01155469945355
RPMs: 6100 b= 0.01163934426230
Model: b =0.01169395907 104
T:/Simpack_Testftestftest_db2010-08-30_slhf0Z _analysis/02_single_val b= 0.011745633587978
vetrain/resulks/410_valvetrain_sh b = 0.01180327868852
Approach 1.0, Standardkinematik ../ knfnS000§a1_sin.gea, kin, b =0.01185792349727
approach 1, , -, , -, F-446065,10, ) b =0.01191256830601
b =0.01196721311475
Running dynamic simulationgs)... b = 0.01202185792350
6100rpm... t = 0.01207e50273224
b =0.01213114754093
b= 0.01218579234973
b= 0.01224043715847
b =0.01229508196721
b= 0.01234972677598 LI

Close | Canicel |
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QSA scripting for (semi-)automatic valve train simulation
Summary

Resume after nearly two years of usage

A tool as easy to use as the former tool was created using QSA with the
following additional advantages:

e user-optimized handling (GUI)

effort to adapt tool to new version of SIMPACK 8.9xx takes 5 minutes
enhancements of model (e.g. complete system) are possible

better model of valve spring

duration of a standard project was reduced by 20%

ig
@

Planned enhancements
e type V and rocker arm models
e support to build up camshaft with associated valve trains

SIMPACK requirements

e revision of QSA language, e.g. triggered actions for ComboBox widget, consistent set of
commands

e faster handling of result files in post processor
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Together we move the world.
So you can move the world.

?’\—'- /
. o

Thank you for your attention.
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