SOME RESOURCES FOR

MULTIBODY SIMULATION
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INTRODUCTION

MULTIBODY SIMULATION CAN BE SEEN AS A SUBSET OF « SYSTEMS SIMULATION », WHICH MEANS « SIMULATION OF
COMPLEX SYSTEMS », USUALLY COMBINING MULTIPLE PHYSICAL DOMAINS.

EVEN RESTRICTED TO MECHANICAL BEHAVIOUR, MULTIBODY SIMULATION IS NOT AN EASY TASK, SINCE THE SYTEMS
OBTAINED ARE USUALLY STIFF FROM A NUMERICAL POINT OF VIEW.

MAIN TOPICS ARE :

*  KINEMATICS

» STABILITY

 DYNAMICS

* LINEARIZATION / VIBRATION ANALYSIS
* ACTUATION AND CONTROL

*  MOTION PLANNING

CAVEAT : I'M NOT AN EXPERT, AND THIS IS NOT A REFERENCE BOOK. DON'T TRUST ME |
I'M ONLY A CURIOUS GUY WITH SOME CAE BACKGROUND, BOTH IN 3D AND IN OD/ 1D SIMULATION.



FIELDS OF APPLICATON

« ROBOTICS

 BIOMECHANICS

* VEHICLE DYNAMICS (ROAD AND RAILROAD)
» AEROSPACE

» DRIVETRAIN / ENGINE

credit



https://www.mdpi.com/2218-6581/8/2/34/htm
https://www.youtube.com/watch?v=LikxFZZO2sk
https://www.mscsoftware.com/application/multibody-dynamics

BEFORE COMBERRERS

FROM MULTIBODY. SYSTEMS HANDBOOK (19%20)

For nearly two hundred years after the pioneering technical advancements of Newton and La-

grange, the process of analyzing systems of rigid bodies undergoing overall motions involv-

ing large-amplitude rotations remained an intimidating undertaking. First, one had to develop

a mathematical model involving idealized components. Then, one was faced with the daunt-
ing task of manually formulating equations governing the behavior of the model. This typ-
ically involved a substantial amount of tedious algebraic manipulations, was prone to er-
rors, and was virtually impossible to accomplish for any system with more than just a few de-
grees of freedom. Lastly, if an analyst was skilled enough to complete the first two tasks, the fi-
nal obstacle of cleverly finding a closed-form solution of the equations using tabulated mathe-
matical functions was difficult enough to restrict the entire process to only the most skilled aca-

demicians addressing the very simplest mechanical systems.



https://link.springer.com/chapter/10.1007/978-3-642-50995-7_21

A LITTLE HISTORY

ONE OF THE FIRST 2D PROGRAMS WAS KAM (KINEMATIC ANALYSIS METHOD) BY A TEAM FROM
IBM, BASED ON THE PHD OF CHACE (1964).

A COUPLE OF YEARS LATER, DAMN (DYNAMIC ANALYSIS OF MECHANICAL NETWORKS) AND
DRAM (DYNAMIC RESPONSE OF ARTICULATED MACHINERY) WERE DEVELOPED BY CHACE
(NOW AT UNIV. OF MICHIGAN), KORYBALSKI, ANGEL ...

THEY CAN BE SEEN AS FORERUNNERS OF ADAMS WHICH WAS THE FIRST GENERAL 3-DIMENSIONAL
SOFTWARE FOR LARGE DISPLACEMENT DYNAMIC ANALYSIS, RELEASED BY MDI (MECHANICAL
DYNAMICS INC.) IN 1980.

THE FIRST TEXTBOOK WAS DYNAMICS OF SYSTEMS OF RIGID BODIES (1977) BY J. WITTENBURG,
WHO ALSO WROTE IN 1975 A FORTRAN PROGRAM FOR DAIMLER-BENZ, USED TO SIMULATE THE
DYNAMICS OF A HUMAN DUMMY IN A CAR ACCIDENT. THIS SOFTWARE LATER GAVE BIRTH TO THE
FIRST SYMBOLIC SOFTWARE, MESAVERDE.



https://www.sae.org/publications/technical-papers/content/650434/
https://deepblue.lib.umich.edu/handle/2027.42/4078
https://link.springer.com/book/10.1007/978-3-322-90942-8#toc

A BIT OF THEGQRY

TWO APPROACHES CO-EXIST SINCE THE EQUATIONS OF MOTION CAN BE FORMULATED NUMERICALLY
OR SYMBOLICALLY.

THE NUMERICAL APPROACH GENERATES NON-LINEAR DIFFERENTIAL AND ALGEBRAIC EQUATIONS
(DAES) THAT REQUIRE ITERATIVE SOLUTION METHODS WHICH RUN WITH VARIABLE TIME STEPS. THIS
APPROACH IS MORE GENERAL, BUT LESS COMPUTATIONALLY EFFICIENT. ALL COMMERCIAL SOFTWARES
LISTED LATER BELONG TO THIS FAMILY, DUE TO THE ASSOCIATED VERSATILITY.

THE SYMBOLIC APPROACH IS PROBLEM SPECIFIC, WHICH IS PARTICULARLY INTERESTING WHEN THE
TOPOLOGY OF THE SYSTEM IS FIXED (OFTEN THE CASE FOR VEHICLE DYNAMICS). MESAVERDE
(DEVELOPED BY WITTENBURG) SEEMS TO HAVE BEEN THE FIRST OF THIS FAMILY, ALSO INCLUDING
AUTOLEV (NOW CALLED MOTIONGENESIS KANE), NEWEUL, AUTOSIM (LATER INTEGRATED IN
CARSIM), DYNAFLEXPRO (NOW IN MAPLESIM), MBSYMBA, ROBOTRAN...

THE SYMBOLIC APPROACH HAS FOR LONG BEEN THE ONLY ONE SUITED FOR REAL-TIME EXECUTION,
EVEN IF RECENT IMPROVEMENTS (BOTH ON SOFTWARE AND HARDWARE SIDES) LED TO REAL-TIME
VERSIONS OF GENERAL MULTIBODY SOFTWARES.



COMMERCIAL SOFTWARES

ADAMS (BY MSC SOFTWARE) IS CLEARLY THE HEAVYWEIGHT, STRONG OF 40 YEARS OF DEVELOPMENT.

ALL THE MAJOR ACTORS OF THE « 3D CAE » WORLD PROVIDE A COMPETITIVE SOLUTION :
*  MOTION SOLVE (ALTAIR)

*  SIMPACK (DASSAULT SYSTEMS)

*  SIMCENTER MOTION (SIEMENS)

* ANSYS MOTION (ANSYS)

MOsST OF 0D/1D SOFTWARES ALSO HAVE A PRODUCT FOR MULTIBODY SIMULATION NOW :
«  SIMULATIONX (ESI)

e  SYSTEM MODELER (WOLFRAM)

*  MAPLESIM (MAPLESOFT)

*  SIMSCAPE MULTIBODY (MATHWORKS)

OTHER ALTERNATIVES : RECURDYN, 20-siM, ComsoL, AVL Excite, PTC CrREO MDQO



https://www.mscsoftware.com/product/adams
https://www.altair.com/motionsolve/
https://www.3ds.com/products-services/simulia/products/simpack/
https://www.plm.automation.siemens.com/global/fr/products/simulation-test/motion-simulation.html
https://www.ansys.com/products/structures/ansys-motion
https://www.simulationx.com/simulation-software.html
https://www.wolfram.com/system-modeler/features/
https://www.maplesoft.com/products/maplesim/index.aspx
https://www.mathworks.com/products/simmechanics.html
https://support.functionbay.com/en/page/single/2/recurdyn-overview
https://www.20sim.com/
https://www.comsol.com/multibody-dynamics-module
https://www.avl.com/excite
https://www.ptc.com/en/products/creo/parametric/mechanism-dynamics-option

FREE OR OPEN SOURCE

MBSYMBA DEVELOPED BY ROBERTO LOT (UNIV. PADOVA) AND NEWEUL-M?Z (UNIV. FRANKFURT) ARE NOT REALLY FREE SINCE BASED
RESPECTIVELY ON MAPLE AND ON MATLAB SYMBOLIC TOOLBOX, BUT THEY ARE WORTH A LOOK FOR THE GOOD REASON THAT THEY USE A
SYMBOLIC APPROACH.

SO IS ROBOTRAN, FROM THE UNIVERSITY OF LOUVAIN (PROVIDES A GUI, AND A PYTHON API )
LAST FOR THE SYMBOLIC TEAM, A STILL NASCENT PROJECT, DEVELOPED IN JULIA BY BRUCE MINAKER : EOM

NOW FOR THE “NUMERICAL TEAM"" :

 PROJECT CHRONO, OPEN SOURCE, WITH A STRONG CONTRIBUTION FROM THE UNIV. OF MADISON. THE PROJECT RECEIVED A
FUNDING FROM THE US ARMY, HENCE THE ANIMATIONS WITH HUMVEES ©

e [DRAKE, OPEN SOURCE PROJECT STARTED AT THE MIT AND NOW DEVELOPED BY THE TOYOTA RESEARCH INSTITUTE
e  BULLETT, COLLABORATIVE DEVELOPMENT WITH AN ACTIVE COMMUNITY
e DART, CROSS-PLATFORM, OPEN SOURCE, INITIATED BY GEORGIA TECH

« ODE (OPEN DYNAMICS ENGINE), DEVELOPED SINCE 2001 (!) BY RUSSELL SMITH. ODE IS THE DEFAULT ENGINE OF THE WELL KNOWN
GAZEBO USED BY MANY ROBOTICISTS.

SEE ALSO SIMBODY, FREEDYN, MBDYN, HOTINT, AND OF COURSE THE MULTIBODY LIBRARY OF THE MODELICA FAMILY.



http://www.multibody.net/mbsymba/
https://www.itm.uni-stuttgart.de/en/software/neweul-m/
https://www.robotran.be/
https://github.com/BPMinaker/EoM.jl
https://projectchrono.org/
https://drake.mit.edu/
https://pybullet.org/wordpress/
http://dartsim.github.io/
http://www.ode.org/
http://gazebosim.org/
https://github.com/simbody/simbody
http://www.freedyn.at/
https://www.mbdyn.org/
https://hotint.lcm.at/
https://build.openmodelica.org/Documentation/Modelica.Mechanics.MultiBody.UsersGuide.Tutorial.OverView.html

« MULTI-NON-RIGID-BODY »

THE FIRST PROGRAMS WERE HANDLING RIGID BODIES ONLY. THE NEED TO TAKE THE FLEXIBILITY OF SOME
COMPONENTS INTO ACCOUNT LED TO DIFFERENT TECHNIQUES THAT ENHANCED EXISTING CODES.

DYNAMIC SUBSTRUCTURING IS OFTEN USED (IN PARTICULAR CRAIG-BAMPTON METHOD), WITH SOME HYPOTHESES
THE COMPONENT BEHAVIOR IS SUPPOSED TO BE LINEAR, AND NO CONTACT IS ALLOWED.

THE WORKFLOW COMPLEXITY IS INCREASED, SINCE A SUPERELEMENT OF THE COMPONENT MUST BE PREPARED IN
ADVANCE, RESULTING FROM A MODAL ANALYSIS.

LATEST SOFTWARE EVOLUTIONS GRADUALLY REMOVED SOME OF THE RESTRICTIONS :

- CONTACT CAN NOW BE MODELLED

- NON-LINEARITIES CAN BE INCLUDED (SEE ADAMS MAXFLEX FOR EXAMPLE)

- INTEGRATION OF FLEXIBLE BODIES FROM FE ANALYSES BECOMES MORE AND MORE SEAMLESS

BUT SIMULATION OF COMPLEX MULTIBODY SYSTEMS STILL REQUIRES A SOLID EXPERTISE, WITH MANY PITFALLS.


https://www.youtube.com/watch?v=dwdm29HJBs4

RESOURCES

MEMORIES
*  HISTORY OF MULTIBODY DYNAMICS IN THE U.S. (LINK)

e AN EXTENSIVE LIST OF “HISTORICAL" SOFTWARES CAN BE FOUND IN CHAPTER 3 OF
CONTROL SYSTEM ANALYSIS AND DESIGN

CONFERENCES
« ECCOMAS MULTIBODY DYNAMICS CONFERENCE (*)
e JOINT INTERNATIONAL CONFERENCE ON MULTIBODY SYSTEM DYNAMICS

BOOKs
*  THE MULTIBODY SYSTEMS APPROACH TO VEHICLE DYNAMICS (M. BLUNDELL, D. HARTY)

«  DYNAMICS OF MULTIBODY SYSTEMS, 2NP ED. (J. WITTENBURG)

«  MODERN ROBOTICS (K. LYNCH), AND THE ASSOCIATED YOUTUBE CHANNEL

*  MULTIBODY SYSTEMS HANDBOOK, W. SCHIELEN
PHDS

«  SymBoLC COMPUTER METHODS TO AUTOMATICALLY FORMULATE VEHICLE SIMULATION CODES (M. SAYERS),
AND OTHER TECHNICAL PAPERS ON CARSIM WEBSITE

(*) the ebook of the 2015 edition is online, if you fancy a 1600 page pdf


https://asmedigitalcollection.asme.org/computationalnonlinear/article/384631/History-of-Multibody-Dynamics-in-the-U-S
https://books.google.fr/books?id=wQ2l0G5NVkwC
https://www.elsevier.com/books/the-multibody-systems-approach-to-vehicle-dynamics/blundell/978-0-08-099425-3
https://www.springer.com/gp/book/9783540739135
https://www.cambridge.org/fr/academic/subjects/computer-science/computer-graphics-image-processing-and-robotics/modern-robotics-mechanics-planning-and-control?utm_source=SM
https://www.youtube.com/user/kevinl2145/playlists?view=50&sort=dd&shelf_id=9
https://www.springer.com/gp/book/9783642509971
https://www.carsim.com/downloads/pdf/um_phd_sayers.pdf
https://www.carsim.com/publications/technical/modeling.php
http://congress.cimne.com/multibody2015/frontal/img/Ebook_Multibody_2015.pdf

