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SUMMARY 

The CermAn Raa.arch Council (DYG) decided 1987 to eatablish a nationwide 

re ••• rch project devoted to dynamics of multibody Byatema. In this 

project 14 universit i .. and reaeareh center a are c ooperating wi th the 

qoa1 to develop a genaral purpose multibody By stem software package. Th i s 
concept provides the opportunity to u •• a modular structure of the 

8oftware, i .. . different multibody forma1iama may be combined with 

differant simulation programme_ via .t.nd.rdi~.d interfacea. For the DFG 

project the databa.e RSYST wa. choBen using .tandard FORTRAN 77 and an 

object oriented multibody ayetem datamodel wae defined . According to the 

modular concept the requiremente of vehicle eystem dynamics as tire 

modele or railway wheel-rail models , reepectively, are eaaily met. The 

Iltie benchmark problem ia uaed to demonstrate some features of the 

Object oriented datamodel. 

1 . INTRODUCTION 

Mechanical eyatema like rail or road vehiclea can be modeled properly ae 

multibody syetem •. The complexity of the dynamical equations c alled for 

the development of computer-aided formaliama a quarter of a century &go . 

The .tate-of- the-art w~a presented at a series of IUTAM/IAVSD symposia, 

documented in the correaponding proceedings, see, e.g., Magnus (1], 

Slibar und springer (2], Haug (3], KortUm and Schiehlen (4], Bianchi and 

Schiehlen (5], ~ortum and Sharp (6 ) . In add i tion, a number of 

commercially available computer codes waa developed, a summary of which 

ia given 1n the Multibody Syatem Handbook (7] and the forthcoming Report 

on Herbertov Mult1body Workshop [81. The computer codes available show 

different capabilities: some of them generate only the equations of 

motion in numerical or symbolical forra, respectively, 80me of them 

provide numerical integration or simulation codes, too. Moreover, there 

are alao extenaive aoftware ayatema on the market which offer 

additionally graphical data input, ani mation of body motions and 

automated aignal data analysis. There ia no doubt that the profeasional 

user, particularly in the automotiv e industry, prefer the most complete 

software sy.tam for dynamical multibody sy.tam analysis. 
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The development of large eoftw.re ayatem. in the field of multibody 

dynamic. mean. interdi8ciplinary rea.arch of aav.ral group. of 

aci.nti.ta . Therefor., t he G.rman R •••• rch Council (DFG) d.cid.d in 1987 

to .etablish such a nat i onwide res.areh project . 

Th. proj.ct include. 

• r •••• rch on the fundamentale of the method of multibody .y.tema, 

• concepts for n.w formalisms of dynamic.l an.lyeie, 

• development of .ffici.nt numeric.l algorithm. and 

• realization of a powerful aoftware package of multibody ayatem • • 

The go a18 require an interdiaciplinary cooperation between 

mathematici.ns, comput.r acienti.t., machanici.t. and control engin.er • . 

The follow i ng r •• earch inatitution. ara participating in the proj.ct 

(under t he reeponeibility of lead i nq eci.ntieta) : 

- Technical Univarsity of Aachen (Prof . G. Sedlacek, 

- University of Auqsburg (Prof. H. G. BOck) 

- Technical University of Darmst adt (prof. P . Hagedorn) 

- Univer.ity of Dui.burg (Prof. M. Hiller) 

- Uni veraity of German Army , Hamburg (prof . L. Gaul , Dr. B. Zaetrau) 

- Univeraity of Hannover (Dr. B. O. Dirr, Prof . K. POPP) 

- Univaraity of Karlsruhe (Prof. J . Wittenburg. Dr . U. Wolz) 

- Technical university of Munich (Prof. H. Bremer, Prof . F. Pfeiffer) 

- HAN Technology Coorporation , Munich (Dr. P . Meink.) 

- German Reaearch Inatitute for Aero.pace COLR" Oberpfaffenhofen (Dr. 

W. ~ort Um , Dr . R. Schw.rt •••• k' 

- University of Paderborn (Prot J . Luckel) 

- University of Stuttgart (Prot. E. ltreuzer, Hamburg and Pro t. W. 
sch i ehlen, 

- Computing Center of the Univer.ity of stuttgart (Prof. R. Ruhle) 

- University of Wuppertal (Prof. P. C. MUller) 

In 1989 it was decided to use a datab ••• concept tollowing .oftwar. 

engineering principles as shown in Fig . 1. This concept provide. the 

opportunity to use a modular atructur. of the software, i.e . different 

multibody formalisma may be combined with different aimulation programm •• 

via atandardized interfaces. For the DFG project the databaa. RsrST wa. 

chosen using atandard FORTRAN 71 or ADA , respectively. 

The following modula of the .oftware package are under development; 
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Graphical Preproce.sOr(MBKGAM, MBW • • • ) 

Generation of Dynamical Equation. (MBNNEr, MBRGEN) 

Mod.ling of Elastic Elements (MBE • •• , MBSFLX, 

Finite Element Applicatio na (MBH ... ) 

Nonlinear Elastic Beams (MBO .•. ) 

Modeling of Viscoelaatic Elements (MBC •.. , MOD •. • ) 
Numerical SLmulation (HBP ••• , HBF ••. ) 

Advanced Simulation Techniquea (MBU .•• ) 

Graphical AnLmation (HBKGAH, MOW •• • ) 



User Interface, CAD 
Eo-; 
rJ'j 

Formalisms > 
rJ'j 

CI:: 

Simulation 
~ 
rJ'j 

< 

~ Graphical Output 

~ 
Q 

Analysis, Optimization 

Fi9. 1. Software Engineering Concept of the Xultibody System Raseareh 
Project 

Fa at Fourier Transform (MBTPFT) 
Covariance AnalYBie (MBAXOV) 

Ljapunov Exponent. (MBYLAP, 

Optimal Parameter. (MBHOAH, MaISEN) 

Failure Check (MBD •• . ) 

Databa.e System (MBZ .•• , 

Interfaces to ADA (MBU ••• ) 

A recent survey on the project ia pr •• ented by Meinke (9), the 

corporation between the participating institution. ia shown in Fig_ 2. 

The oFC project i. open for special module required in vehicle system 
dynamic. &8 tire models or railway wheel-rail models, respectively, 

according to the modular concept. On the other hand, the databa.e 

b.ck;round of the project will not allow any realtime simulation., 

aomettm.. n.c •••• ry in vehicle dynamicII, too. However, the efficiency of 

formalillmll or aimulation lIoftware, rellpectively, may be more eaaily 

teeted in the project 80ftware envirorunent before applied in llpecial 

realtime codell. Thie i •• major advantage of the IItandardi%ed interfaces. 
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Fig _ 2. Coorporation within the Hultibody .yatem. Re ••• rch Project 
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2. THE OATJ\BASE RSYST 

The acientitic-engineering databaa. ayatam RSYST ia conaidered to be a 

aoftware tool. It auppert. the 

• development ot u.er programmeB, 

• development of program packag •• , 

• execution of programmea, 

• handling of large data aet., 

• analy.i. of data. 

One ot the main applicationa of RSYST ia the compilation of data and U8er 

progrUl!Mt.. RSYST 1& written in FORTRAN 77 and, therefore, it has an 

excellent portability to all kinda of computera. The fundamental elemanta 

of RSYST are the following: 

• e.ecution control, 

• information Byatam, 

• dialogue system, 

• output handling. 

• dynamiC storag_ handling, 

• method and model baae, 

• databa •• • 

The RSYST Byatam ha. been developed by Ruhle and hie etaft at the 

Computing Canter of the Univar.ity of Stuttgart . A detailed deacription 

is given by Lang [10), Loebich [11) and Ruhle (12). 

The poeeibilitiee for the compilation of ueer programmes with RSYST is 

ehown in Fig . 3 . Moat effective ia the complete integration of a u8er 

modul in the RSYST environment regard i ng all the interface definitions. 

In other ca.es. the Bimple integration or a w.ak compilation may be 

appropriate. 

Moat important for the multibody systems project are the RSYST 

database and the handling of data objects. All the data in RSYST are 

con.ider.d a. objecte of a datab •••. Such data Objects are e.g. vectors, 

matric •• , .et. of parameters. text. or formally defined object •. The data 

objecte are stor.d i n the RSYST database subject to a very efficient 

handling, they are identif i ed by special nam •• . 

Each data object in the RSYST database is characterized by a data 

deecription, identifying to the data type. The data description permits 

a correlation between data objects and possible operationa. 

RS'{ST otfere the following operations on data object8 which are 

completely internal executed : 

• object generating, 

• object changing, 

• object deleting, 

• object li.ting. 

• object. relating to each other, 

• objects .toring and read i ng. 

• handling of components of objects . 
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[ I RSYST 
lnput- User-

fil. Modul I , 
User-

program , 
Output User-

fil. Modul: I I 

[]o RSYST 

Uscr 
\fodul 

... 

RSYST-
),fodul 

RSYST- RSYST-
Monitor ),fodul 

RSYST-
),fodul 

[]b RSYST 

User-
),fodul 

... 

RSYST-

fj Modul 

RSYST- RSYST-

Monimr \ Modul 

RSYST-
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Fig. 3. Poaaibilty of programme compilation with RSYST 
I ) weak compilation 

Ila) simple integration (8tand-alone-modul) 
lIb) complete i ntegrat ion (8ub.y.tem) 

DB 

DB 

DB 



The object. have to be interpreted for the identification of their 

information. A eet of object. with .ame rul •• of interpretation are 

called a cla •• apaeified by a name. For example, the four component a of 

the cla •• ~frame", are ehown in Fig. 4. 

dIU.: Crom. 

...... ''''' min .... tie/Gsh ."if tium,titm (J/ c.ompoant 

rfrome ..... • • ume or re!eraaee £ram.e: -
OIL tbe aame part 

or-icm. puam (3) 3. O. 1m ) origiD of !rame 

axleaeq iA. (3) -3 3 1,2,3 weaeqllenee of 

elementary rou.UODl 

&.nsle. par.., (3) -2~ 2~ 3.0. Irod) rotation angles 

Fig . 4. Object. of the cla •• "frame" In RSYST representation 

J. THE KULTIBODY SYSTEMS DATAHOOEL 

The method of multibody ayetema i. baaed on a finite .et of element. like 

bodies and joints shown in Ref. 113) or by Roberson and schwertas.ek 

(14J. Theae element. can be u •• d to define a unique datamodel applying 

ths cla.se. and objucts of a software engineering tool like RSYST. 

The datamod.l haa been defined a. a standardized basia for all kinde 

of computer code. by Otter, Hocke, Oaberkow and Leister (15]. The 

following aeeumptione were agreed upon: 

1. A multibody .yatero consiats of rigid bodies and ideal joints. A body 

may degenerate to a particle or to a body without inertia. The ideal 

joint. include the rigid joint, the joint with completely given 
motion (rheonomic constraint) and the vanishing jOint (fre. motion). 

2. The topology of the multibody system i. arbitrary. chains, trees and 

closed loops are admitted . 

J. Joints and actuatora are summarized in open libraries. 

4. Subsystems may be added to existing components of the multibody 

system. 

A datamodel for ela.tic bodi.. is under development and will be 

completely compatible with the rigid body datamodel. 

A multibody aystem a. defined ia characterized by the claaa mba and 

conaiata ot an arbitrary number of the objects of tha claaaea part and 

interact, aee Fig. 5. 

The class ~ describea rigid bodies. Each ~ ia characterized by 

at least one body-fixed ~, it may have a mae., a center of masa and 

• tenaor of inertia. 
The cla.. interact de.cribe. the interaction between a frame on part 

a and a frame on part b . The interaction may be realized by a joint, by 
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part 

haml 

pari rtltrenct frame 

patt reference 'rame 

PC" 

Fig. 5. Definition of a multibody .y.t.m 

an fore. actuator or a een.or re.ulting in the cla •••• joint, toree or 
.eneor, r •• pectiv.ly. Thu., the cla •• int.ract i. eharacteri&.d by two 
type. of intormation: the tramea to be conn.cted and the connecting 
element it.elf, •• e F1g. 6. 

According to the ••• umpt1ona l the datamod.l r.pr ••• nt. a holonomic, 
rheonomic lIIultibody ayatem. If the formaliam .el.cted u.e •• mini.JU.l 
number of coordinat •• , like NEW£UL, then, the re.ulting equation. of 
motion read as 

lI(y, t)y+k(y, i, t) • q(y, i, t). (1 ) 

Here, y i. the poaition vector and t the time, II mean. the generalized 
inertia matrix. k and q repr •• ent the generalized gyroscopiC and applied 
forces . However, Eq. (l) which repre.ent. a .et of pure differential 
equations i. not a con.equence of the data.modal. By an appropriate 
formalism from the .&me datamodel a aet of diff.rential-algebraical 
equations may be obtained, too . 

In addition to the mechanical elemente of a multibody By.tem, there 
exiat. alao the po.aibilty to ua. the gen.ral motion of dynamical 
eyatttDa, e. g. , 

x - f(x, u, t, p} 

z - glx, u, t, p} 
(2 ) 

where x ia the state vector, z the output vector, u the input vector,t 

the time and p the parameter v.ctor. Further, f and g mean nonlin.ar 
vector functions. For more detail •• e. Rat. [15] . 
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d,,,,: interact 

.. "'" cw. ducn,nioft 0/ com.JIO'M'I't 

connect co .. <d frames io be CGzmitded 

member manba CGuecliD., dtmeut 

d~,: connect 

rUlme , l'l'" m .. .... de/cult un.d delmption 0/ componttlt 

apart . .." Dame of apart 

mom. . . nameofafr&mconap&rt .am. - I 

bpart ..... I Damc of bplLlt 

bCrame . ..,. • • I DaUle of bCramc on bpa.rt 
I -

member 

.. "'" cw • 

joint joiat jomt dement on iIltaa.ct object 

(area letof (Cora) force clement. on iIlkrac.t object 

sensor lit:tof (seuor) seuor demeub all iD&eract objtet 

Fig. 6. The cIa •• interact 

4 . THE ILTIS BENCHMARK PROBLEM 

The .tandardiz.ed object oriented datamodel for multibody systems •• 
daacribed in tha pravioua section is very well qualified for vehicle 
dynamic a applications. In particular, it offers the poasibility for a 
vary convenient benchmark analyeia for all programmes adjusted to the 
modular aoftware ey.terra under development of the auapicaa of the German 
Ree.arch COuncil which mean public domain 8oftware. 

A firat example ie a van tr.ated in detail by Otter, Hocke, Daberkow 
and Leiatar (15], a.a Fig. 7. The van consiats of four bodiaa .aaily 
identified from the RSYST databaa •• 

A a.cond example ia the Iltie vehicle chosan by IAVSD ae benchmark and 
more preciaely deacrihed by Kcvand. (16) . Horeover, the second IAVSD 
b.nchmark, the five point wheel auapenaion, can be rapraaented by the 
RSYST databaee, too. Then, it ia very aimple to analy •• the Iltie vehicle 
with. more eophieticatad auapen.ion. Fig . 8 ahow. the lItis vehicle and 
the corr.apending d.tab •• e structure while in Fig. 9 the five peint wheel 
au.pension ia preaanted. 
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. PART 
In.rtla.} 

.FR..lKE 
.lfrue 

_ ViiJ.nbod, 
.BOOY 
_FR.J.I'IE 

_jlfvheel 

.Jrfvh .. l 

.jrula 

.Idlfe 
•• drtv 
.$Ira 
. dln .rr. 
.dna 

_lfrontv 
_BODY 
_FRlI'IE 

_Jvanbody 

_sdvb 
.sI/heel 

_Tfrontv 
.BOOY 

FR.J.KE 
- _jvanbody 

_sdvb 
_,"heel 

_rea-ral:le 
_BODY 
_FlUME 

_bfrue 
_jvanbody 

_$lvb 
_dlvb 
.srvb 
.drvb 
_slvheel 
_srvheel 

van-bod, 

fraae of )o l nt left front vbeel of part 
van-body 
fr .. e of jOlnt rlsbt front vheel of part 
'tan-bod, 
fn .. e of jOlnt reuu:le of part 'tan-body 
fraae of .prtng-daaperforce left front vbeel 
fra.. of 'pring-da-parforca right front vbeel 
fr .. e of .pring rear axle left 
fr .. e of damper rearaxl. left 
fraae of .pring r.arule rlght 
fr... of daaper rearula risbt 

left front vheal ----------------------+ 
I 

frue of Joint vanbody of part l.ft I 
front vheel -------- -------------------1-+ 
frame of .pring-daaperforce vanbody ---1-1- + 
frame of sprlngforc. left front vbeel -1-1-1-+ 

I I I I 

right front vh.al ---------------------+ I I I 
I I I 

fraae of JOlnt 'tanbody of part right I I I 

front vhe.l -------------------------.---+ I I 
frue of .prlng-damperforce 'tanbodJ -------+ I 
frame of 'prlngforce right front vbael ------+ 

rearaxl. 

frame bodyfru. of part reara.de 
fr .. e of joint 'tubody ot part right front 
vb .. l 
frue of left .pringforce vanbodJ 
fr ... of l.ft duperforce vanbody 
frame of r i ght .pringforce 'tanbody 
tram. of r i gbt damperforce 'tanbody 
frame of 'pringforce right rear eheel 
frame of 'pringforce left rear vheel 

Fig. 7. Drawing and databa.e .tructure of a van 
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PART 

-ln~Hl~ 
_lfraJDe 

_vanbody 
_BODY 
JUKE 

_Jlsprl 
_J Aa.r1II 1 

_Jwhubl 
_Jtrodl 
_Jlspr2 

_jtrod4 
_opolnt 

_lu.:tspl 
_BODY 
_fRAKE 

_Jbody 

_vheelhl 
_BODY 
_fRAKE 

_jbody 
_Jvheel 

_tarod1 
_BODY 
_FRAKE 

_jbody 
_tvheel1 

_BODY 
FRAME 

_Jbody 
_cforce 

_lea:tsp2 

_tvhee14 

fr..-. ifra.e of part inertial 

iltis-body 

frame of J01nt left front leAf spring 
fra=e of joint left front A-LrW 
fraa. of jOlnt l.ft front vheel hub 
fr .... ot joint left froQt tie rod 
fr.-e of Joint rlght front l.a! spring 

fraa. of jOlht right left tie rod 
fraa. ot observation point 

l.tt front leaf-spring 

fraae ot Joint body 

frame of )Olnt body 

lett front vhe.l hub 

tr .... of joint body 
fr .... of joint vh.el 

left front tle rod 

frame of joint body 

lett front wh.el 

frame of vbeel hub 
frame of contAct forc. 

Fig. 8. litia vehicle and corresponding database etructure 
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_PART 

-ln~rll~ 
_lfra.a. fr ..... lfra ... of put in.nul 

_vanbody 
_BODY 'nhl.ch body 

FlUME 
_JPlnl fr ..... 0' lOl.lI.t pal 
_JPln2 'na. 0' loint pa2 
_Jpill.3 'na. 0' ~Ol.l1t pa' 
_lpll1.4 'na. 0' oa' piD4 
_lPinS fr ..... 0' Joint pinS 

_pUll 
_BODY 
_FTU."E 

plnl 

_lpln tr ..... 0' joint bod, 
_Jllhub tr ..... 0' 

_pln2 
JoiDt _h.d hub 

_BODY pltl2 
_FRAME 

_JPlh :true 0' lOUlt body 
_l vhub tr ..... 0' J0l.ht vb .. l hub 

_pln3 
_BODY pUl3 
_FlUME 

_lPlh tru. 0' lOUlt bod, 
_lvhub tru. 0' lOltlt _h •• l hub 

_Pl1l4 
_BODY Pl.D" 
_F'RJ."E 

_lPltl fru. 0' JOUlt bod, 
_lvbub true ., JOUl.t wb.d h.b 

_PUIS 
_BODY P1DS 
_FRA"E 

_Jpin true 0' lOUlt bod, 
_l vhub true ot JOlnt _h.el hub 

_vheelh 1 

:~~~E 
vb •• l hub 

_JPlnl true ot J01Dt pl.Dl 
_JP1D2 true ot JOUlt pl.112 

_tvheell 
_BODY vb.el 
_FRAME 

_lbody true ., vbeel bub 
_ctorc. true 0' cotltact torc. 

Fig_ 9. Wheel .uapan.ion and corre.pending databa ••• tructure 
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S. CONCLUSION 

The modular .oftware engineering de.ign and the related databaee concept 
of tha Cerman multibody system. project offere for the first time the 

pro.pect reliable benchmarking of vahicle dynamiCS .imulation •. Even if 

the RSYST databa.e ia not used, the unique and clear definition of all 

input and parameter data .eam. to be a great help with respect to finding 
.tandard. for vehicle dynamic •• tmulation •• 

It ha. to be mentioned that at the time being within the German 
project epeeial module. for the wheel/rail and tire/road contact are not 

to be developed. However, the modular concept ia well qualified to add 

programmes deal in; with vehicle wheels and tires. The final r.sults of 
the Cerman Proj.ct will be prea.nted early in 1993 on an international 
meeting. 
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