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Challenge for Commercial vehicles: CO, reduction

Many drivetrain based fuel-efficiency measures, such as down speeding or increased cylinder pressure
like in 2. generation Daimler OM471 lead to higher driveline excitation of the vehicle.

n

Source:
eurotransport.de
18.09.2015

2. GENERATION DES OM 471 VON MERCEDES

-_ Kulturrevolution

Radikale Kréafte im Drehzahlkeller, Sensoren ihres Amts enthoben und
insgesamt ein Linksruck bei den Motorkurven - der OM 471 musste eine

kleine Kulturrevolution tber sich ergehen lassen.
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Driveline excitation interfaces to vehicle and driver

rot. acceleration: rot. acceleration: rot. acceleration:
crank shaft rot. acceleration: transmission out  rot. acceleration: " side haft
transmission in propshaft

, dynamic forces:
rear axle wishbone control arm

dynamic forces:

dynamic forces: rear axle air/leaf spring

cab mounting

- s dynamic forces:
'~ i rear axle damper

dynamic forces:
rear axle stabilizer bar

dynamic forces:

: propshaft center bearing
dynamic forces:

engine /transmission mounting

= Many interface points to analyze
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Relevant excitation orders of vehicles with 6-cylinder engine

The basic load case for drivetrain induced vibrations is a full load engine run up where the driveline excitations
interfaces are analyzed with order analysis filters:

* 0.5 engine order:

e 1t engine order:

 1.5" engine order:

= Many orders to analyze
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Result visualization

To get a good impression of the drivetrain excitation several result plots are needed:

Kraftanteile Rahmen: Summe aller Ordnungen
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= many different visualization types to create
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Available gears in commercial vehicles

Usually the engine run up is analyzed for all available gears

. AN
-
\\: > —
Medium duty transmission with 6 gears Heavy duty transmission with 16 gears

= up to 16 gears to analyze
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Analysis of a 4x2 tractor

18 dynamic force channels, 3 directions each

6 rotational acceleration channels

various translational acceleration channels

8-10 different plot layouts

1 - 8 different orders

= already over 400 plots for a 4x2 tractor...

Imagine a 8x8 tipper with 4 driven axles, 5 propshafts and a transfer case...

How to create several hundred plots?

Manually?

Of course not!
An automated process had to be created...
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AnSim-PD Analysis and Simulation of Powertrain Dynamics

2004: First automation of interface force export and creation of plots with tcl-scripts
and the graphing utility gnuplot

2007: First introduction of gt-script gui.
Export of results with user-filter within pre-defined spf-Files
Script to create pdf-documents using tcl pdf-library

2016:  Final version of AnSim-PD including several tool optimizations, new
features and adjustments to latest tcl and gnuplot versions

= AnSim-PD uses 4 different script languages, sub-tools and libraries
= Usability within Daimler CAE-Network difficult
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AnSim-PD 2.0

2017:  The in-house tool AnSim-PD was redeveloped and completely transferred to Simpack_2018 in
cooperation with the Simpack Center of Excellence

Complete process from time integration to pdf creation within Simpack scripting

platform independent

no extra software needed

easy to use within the Daimler CAE network

= together with Simpack communicator technology an efficient analysis of
drivetrain induced vibrations is now available
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Automated modelsetup

Interdisciplinary substructure
modelling

* Internal modeling guideline defining
mandatory communicators

« Standard load case full load engine run
up on test-bench

front axle

» Interface forces exported via result
elements engine

differential

= Fast creation of different vehicle setups test-bench
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Ansim-pd 2.0 gui: configuration

Order & frequency analysis

Sprache

| English | ||

Deutsch

Allgemeines

Modellpfad:
Auswertungsverzeichnis:

Dokumentation '

| Aktion | Konfiguration Kanaele | VTPAKanaele |

[net/gpfs03/fslfats schw/90_edv/06_ansim_pd_2p0/10_lieferung_simpack/170717_release_b17/20170717_ReleaseVersion_b17/01_basis sftp_4x2_szm_L963W1111/main_model/01_basis sftp_4x2 szm_L963W1111 v160906_ganglO.spck
Inet/gpfs03/fslfats schw/90_edv/06_ansim_pd_2p0/10_lieferung_simpack/170717 release_bl7/20170717 ReleaseVersion_bl7/01_basis sftp_4x2 szm_L963W1111l/auswertung_demo_vortrag

Zu analysierende Ordnungen I

oo o Zu analysierende Ordnungen o o
Ordnungsaufloesung I
014 120 O 1/40
ufloesung
Verlaeufe ueber Motordrehzahl oder Fahr.
® U/min
Verdaeufe nebher Motardrehzahl ader Fahrzeuggeschwindigkeit
y-Achsentyp
F-Plots = p i~ ’
- Iineaf . Y—AChEE nt!'rp
1 logarithmisch
—I F=Fiots acc-Plots Campbell-Plots
Einstellung fuer Campbell-Diagramme
ke waxmale frequenz (300} phaseninformation hinzufuegen?
Fahrerhauskrafte auswerten, wenn vorha
o i) ]a <+ AnzahlderOrdnungen: ! g
- = Nein
-\._:' ME'” oK ]| Cancel |

define order analysis

define order resolution

define x-axis

define y-axis scaling

diiiiten GATPRASH-
HEGHHENOh

switch on cab analysis
truck /van
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Ansim-pd 2.0 gui: documentation

Order & frequency analysis

Sprache
| English || Deutsch
Allgemeines
Modellpfad: [netfgpfs03/fsl/ats schw/90_edv/06_ansim_pd_2p0/10_lieferung_simpack/170717 release_bl7/20170717 ReleaseVersion_bl7/01_basis sftp_4x2_szm_L963W1111/main_model/01_basis sftp_4x2 szm_L963W1111 v160906_gangll.spck

Auswertungsverzeichnis:  /netfgpfs03/fsl/ats_schw/30_edv/06_ansim_pd_2p0/10_lieferung_simpack/170717 release_bl7/20170717 ReleaseVersion_bl7/01 _basis sftp_4x2 szm_L963W1111/auswertung_test

Aktion. .konfi.gur.at.i.on Dokumentation .l.(.anaelé \.n'TI.’A“i(anaéie.

=allgemein= 'AE
SFTP 4x2 SZM 15t L96340312 OM471 G281 r3700 HA:HLE LH25 FHS

1-teiliger Wellenstrang GWEGE 2800

</allgemein= Aktion | Konfiguration Dokurmentation Kanaele | VTPA Kanaele T teXt flle for .
: : documentation e.g.

:-':a.ll.gemei.n:: .
06.09.2016 Laessing -Neue 5 / mOdeI h IStO ry

SFTP 4x2 5ZM 15t 196340312 OM4T1 G281 r3700 HA:HLG LH25 FHS

1-teiliger Wellenstrang GW&aE 2800

=/allgemein=

09.09.2016 Laessing - clutcha

20.09.2016 Laessing - Druckindizien

06092016 Lasssing - Meue Substruktur fuer HA-Differential

23.09.2016 Laessing cylinderpressu

27.09.2016 Laessing Rahmendaem R
- Gelenkwellenkoordinaten angepasst

23.11.2016 Laessing Daempfung inf

Schiebestueck in Gelenkwelle mit Reibung stick/slip =

oK ]| Cancel |
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Ansim-pd 2.0 gui: exported channels

Order & frequency analysis

Sprache
English 1 | Deutsch
Allgemeines
Modellpfad: /netfgpfs03/fslfats schw/90_edw/06_ansim_pd_2p0/10_lieferung_simpack/170717_release_bl7/20170717 ReleaseVersion_bl7/01_basis sftp_4x2_szm_L963W1111/main_model/01_basis sftp_4x2 szm_L963W1111 v160906_ganglD.spck
Auswertungsverzeichnis:  [net/gpfs03/fsl/ats schw/90_edv/06_ansim_pd 2p0/10_lieferung_simpack/170717 release_b17/20170717 ReleaseVersion_b17/01 basis sftp_4x2 szm_L963W1111/auswertung_test
; Aktion Konfigyration Dokumentation kanaele | VTPA Kanaele
ResultElement Name Category F
1 $_RS_general_channels.SRS_channel 01 | engine-speed FOR_DIA
2 $_RS_general_channels.5RS_channel 02 | driveline-speed FOR_DIA general export channels for order analysis
3 $_RS_general_channels.5RS_channel_03 | yehicle-speed FOR_DIA )
4/ S _RS_export_channels.SRS_channel_04 engine_mount_le FOR_CHA
5 $_RS_export_channels.SRS_channel_05 engine_mount_ri FOR_CHA
6 S_RS_export_channels.5RS_channel_06 | transmission_mount_le FOR_CHA
7 S_RS_export_channels.$RS_channel_07 | transmission_mount_ri FOR_CHA
8 $_RS_export_channels.SRS_channel_08 RA1 damper_le FOR_CHA
9 $_RS_export_channels.SRS_channel_09 RA1_damper_ri FOR_CHA .
10| $_RS_export_channels.SRS_channel_10 RA1_airspring_frle FOR_CHA . Interface fo rceS
11| $_RS_export_channels.SRS_channel_11 RA1_airspring_frri FOR_CHA
12| $ RS_export_channels.SRS_channel_12 RA1_airspring_rele FOR_CHA
13 $_RS_export_channels.SRS_channel_13 RA1_airspring_riri FOR_CHA
14| $ RS_export_channels.SRS_channel_14 RA1_wishbone_le FOR_CHA
15 $_RS_export_channels.SRS_channel_15 RA1 wishbone_ri FOR_CHA
16| $_RS_export_channels.SRS_channel_16 axle_body TACC B
17 $_RS_export_channels.5RS_channel_17 driver_seat_base TACC — tranS|at|Ona| accelerations
18| $_RS_export_channels.SRS_channel_18 engine_front TACC |
19 $_RS_export_channels.SRS_channel_19 crankshaft RACC . .
20 $_RS_export_channels.SRS_channel_20 | transmission_out RACC rotational accelerations
21 $_RS_export_channels.SRS_channel_21 RA1_pinion_shaft RACC _,r- =
[—r— Cancel
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Ansim-pd 2.0 gui: task setup - start process

Order & frequency analysis

Sprache

| Enaglish || Deutsch

Allgemeines

JnetigpstE.Pfsl.fats schw/30_edv/06_ansim_pd_2p0/10_lieferung_simpack/170717 release_b17/20170717 ReleaseVersion_bl7/01_basis sftp_4x2 szm_L963W1111l/main_model/01_basis sftp_dx2 szm_L963W1111 v160906_ganglO.spck

Modellpfad:
Avswertinn  schw/90_edw/06_ansim_pd_2p0/10_lieferung_simpack/170717_release_bl7/20170717 ReleaseVersion_bl7/01_basis_sftp_4x2_szm_L963W11l11l/auswertung_test

Aktion i Konfiguration | Dokumentation anaele | VTPA Kanaele

¢| Time_Integration

/| Measurements

= =1

/| Csv

4| spf
html

start ansim_pd
. I ——— do time integration of model process:

¢ Time_Integration

| Aktion | Knnﬂguratmn Dokumentation

EHMEHSURIIENLE do measurements L ,
7Sy <— 1. run time integration

w— export results to csv-Files 2. run measurements

giseils < ———— create spf, html and/or pdf-Files 3. create all analysis
7] pdf <«— plots
4. export plots to pdf-

document

o

oK J| Cancel |
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Final PDF document

e pdf document for a 4x2 tractor
* 415 pages including:

— model documentation

— Campbell diagrams

— order analysis plots of all defined
orders for interface forces,
translational and rotational
accelerations

— 100% plots

K|
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= complete engine run up analysis for specific vehicle in one document with

a view mouse clicks
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Thank you for your attention !




