UNIVERSAL MECHANISM

u1 universal
mechanism

User s manual

Simulation of road vehicles

Simulation of road vehicle dynamics is considered

2024



Universal mechanisrhO 1-2 Chapterl2. Simulation of road vehicles

Contents
12. UM MODULE FOR SIMULATION OF ROAD VEHICLES .......ocoiiiiiiiiieeiec e 1-6
12.1 . GENERAL INFORMATION ...uiiitittuunaaeeetutunaeaaamaaeaeesssnnnaaeeeesssnn s amaeaseeseesssnnnaeeeeessnnnsmans 1-6
12.2.BASE SYSTEM OF COORDINATES .. ctuititiiiiteetteetu e smmmtaeeesneestneeetneesanesssmmaaessnneesnneasnnaes 1-7
12.3. TRACK MACRO AND MICRO PROFILES ....ccuuuuiiiiiiituuaaaeeeinnmaeeestnaeeeeessnnnaaeeaenaneeeeesnnnns 1-7
12.3.1. Defining @ macro Profile USING CUINVES..........coiiiiiiiiii ettt 1-8
12.3.2. Vehicle movement on a triangulated surface (testing.area)..........ccceeevevieeceeevieeieeeee e 1-10
12.3.2.1. Creating Triangulat&lrface Files in UM FOrmal.........ccccccoeeeiiiiiiiiccceeee e cceee 1-12
12.3.2. 2.5 HING FOULES ..ot i ittt ieettettteees s s st e e e e s eeemss e te e b e ee e e e e e eeeeeaeeeeaassasseeeeeaaaaaaaeeeesessannn 1-13
12.3.3. Micro profile (iIrr@QUIATTIES).....uueeeieiieiieiee e e 1-17
12.3.3.1. Library of irregularity fileS..........ouuuiiiiie e 1-18
12.3.3.2. Generation of irregularity files..........ooorriiiiiii e 1-21
12.3.3.2.1. Wizard Of irr@QUIAITIES ........veeiiee ittt e e e e 1-21
12.3.3.2.2. Generation of irregularities by power spectral density function (PSD)..............ccccuee. 1-22
12.3.3.2.3. Models of roughness generated by PSD: ISO 8608, Wong, Dixon, experiment,.track-24
12.3.3.2.3. 1. ISO 8BQ8........eeeiieieiieeiittiieee et e et e e ettt e e et aaee e s et be e e e tae e e s arbeeeseannbe e e e anteeeaanreeean 1-25
12.3.3.2.3.2. WONGccctteieeeeeeee ettt e e e e e 1-27
I T2 TR T 1) (o o PR PP PP P PP PP UPPRTRPUPR 1-27
12.3.3.2.3.4. EXPEIIMENL.....cciiiiiiiiiiiiieee s eeee e s s e e e e e e e e e et e ee et memreeeeee e s seeeeeeeeaaanaaaaaaeeeeeeensnnes 1-28
I e T FL S T I - 1o O PP PP P P PP PP UPPPTPOPRO 1-29
12.3.3.2.4. Other tools for description of road roughness...............ccoiiiieeciiiiiiiiie e 1-29
12.3.3.2.4.1. Analytic expression (the Formula tah)...........ccccoooiiiiiceeiiii e, 1-29
12.3.3.2.4.2. SIUMP. .. iteeeiteit ettt ettt et e e s e e ea b et e et et e ek et e e s b e e emn e b e e e anrr e e nre e e e nnnes 1-29
12.3.3.2.4.3. FIOM fIlB..ceiiiiiiieeeeeee et 1-29
2 TR T S o] ) PSP 1-29
12.33.3. ASSIGNING IMTEQUIAITIES .......eeeeeeee ittt 1-30
12.3.4. TeSt SECHON PrOfUE....ceii it e e eb e e e e e 1-32
L2, 4. DRIVER ..eieiiietiie e ettt eeee e e ettt e e e e et et s emme s e e e et et b e e e et e enn s smmn e e e e e eenna e e aeeennns 1-34
12.41. MacAl @ MO S ..IMO.A. . L 1-34
12.4.2. ContinUOUS PreVIEW MOAEL.......cooiiiiiie e eeee e e et s e e e e emaes s e s e e e aeaaaeaees 1-38
12.4.3. Combination of PID controller and preview model............ccuveiiiiicc e 1-40
12.4.4. Selection of parameters for CONtINUOUS COMLEOL..........uiiiiiiiiiieeiiiiie e 1-42
L2 5. TIRE MODELS ... eitietttieeeeeeeti e eeama s e e e et eet e e e e e eeta s smema s e e e e e eeba e e e e eeeenas smms e e e e ennnnnns 1-44
12.5.1. Single point and multipoint normal contact Models............cccoviiiiiiceeiiiii e 1-44
12.5.2. FIALA TN MOEL........oieiiiiiiiieeiie ettt ettt e st et e e s e e e enan 1-48
12.5.3. Pacejka MagiC FOIMUIAL...........ouuiiiii e e e e e e e e e e e e e e e eeeaeeeeeeeeeeeennnnas 1-50
2R B - o]0 =T g 1= 1 T Yo = O 1-53
12.5.5. TMEGSY tIr€ MOUEL....coiiiiiiiie ettt e s et en et e e e s e e bt e e e e e e nnnbens 1-55
D2 SN I o] 4] o 0 T=To = I o ISP 1-60
12.5.7. TranSieNt PrOCESSES 1N LB ....ciiiiiiiiie et ieeee ettt e sttt e e st e e e e e e e s e bbbt e e s e e e e e nnbeeeeeeeennbees 1-62
2T T T (= g To o [=T IR 2 o O 1-64
12.5.9. Assignment of tire MOdels t0 WhEELS............ooiiiiiiiiieei e 1-65
12.5.10. ViSUAliZation Of tir@ fOrCES. ...ttt eeee ettt e e e et e e e e e e e e e e s ser e e e e e aaaaaaeeas 1-66
12.5.11. Generation of approximate FIALA tire model according to rated parameters...............ccceee... 1-68
12.5.11.1. Approximate vertical stiffness and damping.........cccccoveeiiiieer 1-69
12.5.11.2 Approximate cornering StiffNeSS........ooii i e 1-69
12.5.11.3. Approximate longitudinal StffNESS...........uuiiiiiiiiiiieee e 1-69
12.5.11.4. Longitudinal and lateral statiC StffNESS.........uiiiiiiiiii e 1-70
12.6.RESISTANCE TO VEHICLE MOTION ..cttttuuaeeiiettuuaaaeeesimmmeeessnnaaeeaeesnnnaeeseeemnmeeessnnnaaens 1-71
12.6.1. ACTOAYNAMIC FOTCES. ... ettt et e e e e e e e e e e ee e e e e e e e e e e e e e nnneeees 1-71
12.6.2. Tire rolliNg FESISTANCE ... ..ottt e ettt eaaaass bbb bbbt e e et e et e e e e e e aaebsbeebeeeeeeeeaaeaaaaeens 1-74

12.7.DEVELOPMENT OF VEHICL E MODEL ..vuuuiiittieiittneeeennseemnneessnsesesnnneeessnssesnnmnsesesnnnnns 1-75



Universal mechanisrhO 1-3 Chapterl2. Simulation of road vehicles

12.7.1. MOEl Of @ WREEL.....ciiiiiie ettt erer e e e e e s st b e e e e e e s nnbbeenns 1-75
I 0 I R = LT [ o R T = PRSP 1-75
12.7.1.2. EIQSHC WHEEL.... ..ttt ettt e s et e e e e e st e e e s 1-76

12.7.2. Visual WhEEI COMPONENES........uuuiiiiiiiiriiieiieeeirietirrireeererreeseesessestaeeererreeeteaaeeeeeesssaaantereaesaaaeaeeseens 1-79

12.7.3. Suspension springs and shock absQrhers..............eeviiiceciiiiiiiii e 1-81

A B =T\ = o 413 Vo £ SRR PSSRRP 1-82

N AT Y| ] o4 g1 L T PP TP PP PR PPPPPP 1-83

12.7.6. BUSKHINGS....ceiiiiiitiiitee ettt ettt e e ekt e e e s sk e e ea bbb e e e e e e s s bb e e e e e e s ab e e e nrneeeeeenn 1-83

2 A S (== oo o1 o | P USOUPUPRRN 1-83

12.7.8. Force element for simplified control of the speed of the longitudinal movement..................... 1-84

12.7.9. LOCKING WNEEI FOTALION ...ttt eees ettt e e e ettt e e e et e e e e e e e e e e saseeeeeeeaaaaaaaaeeeaens 1-85

T2, 8. TRANSMISSION L.ituiitiituiitneetetuiesnsiemnteeseeteeteesnstteesssnmsessesnsetnseteensssnssmnnrssnsesneenss 1-86

12.8.1. Description of transmission elements in INPUt MAAULE...........cevviiiiiiiceciiieee e 1-88
12.8.1.1. Internal COMBUSTION ENGINE......ccoiiiiiiiiee e iieee ettt e e rme et e e e st e e e e ane e eereeas 1-88
D2 T 2 T 1o T o [ o o U UUUPUPPR RPN 1-89
12.8.1.3. GEArbOX. FINAI ANV .....uueiiiiiiiiiiiiei e e e e e e 1-90

12.9.SIMULATION OF VEHICLE  DYNAMICS ...etiiittiieeitrieeaauteieamsesassseessnseeesassnessmmnssnseeeens 1-92

12.9.1. Preparing for SIMUIALIAN.............uuiei e e e e e e e e e e e e e eeeeeeeeeeeeeeeeennnnas 1-92
D2 5 0 O 1 1 £ PSPPSR 1-94
12.9.1.2. Identification of vehicle SUDSYSIEMIS.........ccooeeiiiiii e e 1-96

12.9.1.2.1. Identification of parameters for simplified longitudinal speed cantrol......................... 1-97
12.9.1.2.2. Identification of wheel rotation locking parameters..........cc.eeeeeiiiieenniiieeee e 1-98
12.9.1.2.3. Identification Of STEEIING.........cuuriiiiiiii e 1-98
12.9.1.2.4. Parameterization of driver MOdel.............ooooiiiiiiiccc e 1-101
12.9.1.2.5. Identification of tranSMISSION CONIOL........ccciiiiiiiiei i 1-102
12.9.1.3. Tools tab for creating data filleS...........cooiiiiii e 1-103
12.9.1.3.1Setting graphs for steering wheel angtwl vehicle speed............ccccooeiiiiiiiceeiin, 1-104
12.9.1.3.2. Creating files with test section profiles..............oouviiiiiccciiiicii e 1-105
12.9.1.3.3. File with traction force limitation for simplified speed contral............ccccoovveieeeeeeennnnn. 1-107
12.9.1.3.4. Filavith gear shift sChedule.............ouuiii e 1-108
12.9.1.4 General Settings for Vehicle Dynamics Simulation...........cccoooveiiiiieeeii e 1-109
12.9.1.4.1Setting road roughness files for left and right tracks............ccoooiiiieeei i 1-110
12.9.1.4.2. Options for tire/road CONTACT...........c.oiiiiiiiiieeeiii e 1-110
12.9.1.4.3. Animation Of tIB0AM fOrCES.....uuiiiiiiiiiie e 1-111
12.9.1.4. 4. ROA IMAUE. ... eueiiieeiiitie ittt ettt e ettt e eamt e e e e bbbt e e e e s bbbt e eeeamt e e e e e nbbae e e e e e aneeee 1-112
12.9.1.4.5. Drawing the testing area for the open loop steering.test..........cccovveeniiiiiee i, 1-113
12.9.1.4.6. VENICIE OVEITULN ... ..uuiiiiiiiiiiieeeie s eeeeteitee et e et e e e e e e e e e e esee e e et e e e aeaaeeeeseesaesaammneeaaaeeeeeeeaanan 1-114

12.9.2. Portability of a model from one computer to anQther.........ccoooveieiiiieeei e, 1-116

12.9.3. Speed modes and Speed CONLLOL............uuuuieiiiieeecie e e e e ren e s e e e e 1-117
12.9.3.1. Speed modes for simplifieagitudinal CONtrol.............cceoiiiiiiiiiee e 1-120
12.9.3.2. Speed modes when controlling the tranSMISSION..........cccovviiiiieeere e eeeee e 1-120

12.9.3.2.1. Speed.made..ANe.uUut.rnal.O ... 1-121
12.9.3.2.2. Speed mod.es..ilv.mc.o.ns.t.a...and. . ARr.dfl2dl e d
12.9.3.2.3. Speed.made..fCont.rnol. 0 ... 1-124
12.9.3.3. TransmiSSION CONTIOIEL.........cci it iieees s e eeens et e e e e e e e e e e e e eenrenenneeeeees 1-125
12.9.3.3.1. Parameters for automatic control of transSmisSION...........ccoovviiviccciiie e 1-125
12.9.3.3.2. GeAN Shifl...ciiiiieiei e e e e r e rr e s 1-126
12.9.3.3.3. Accelerator and brake CONMIQL..........coveeeiiiiii i 1-128

12.9.4. Tests as the main tools for simulation of vehicle dynamcis.............ccooo e 1-133
12.9.4.1. General INTOMMALIONL. ...t ee ettt et et e e e e e e e e e e e e s aameeeeaaaaaaaaaaaaens 1-133
12.9.4.2. Initialization Of tESt PArAMELELS. .....cciiiiiii i e 1-134
12.9.4.3. TESEVANADIES. ...ttt ee e bbbttt e ettt e e e e e e eeeb b e see et e e e eeaaaaaaeaaeeaans 1-135
12.9.4. 4. EQUITIDIIUM TEST. ...ttt ettt e e e e e e e e e e e e e s e e e rmmme e e e e e e e e e e e e e e e annaes 1-136

12.9.4.4.1. Mode for computation of initial coordinates.................uuvueiieeriiiiiiiiiiiieeeeeeee e 1-137
12.9.4.4.2. General type simulation with unmoved vehicle.............cccviiiivecii e, 1-141
12.9.4.4.3. Example faromputation of initial conditions.............occuviiiiiiiiimnii e 1-142
12.9.4.4.4. Frequency response Of @ PASSENQGEL . CAL........uuruururrrmmeeiiiiienrrnrrerrererrerrsemamenrrnrnnnneee 1-145
12.9.4.5. Steering Wheel rotation teSL........cccoii it ere e ee e 1-156
12.9.4.6. Open |00 StEEING LESL..eiiiiiiiei et eree e e e e e er s s e e 1-158

12.9.4.7. Closed loop steering test: test With driVer...........ooooiii e 1-161



Universal mechanisrhO 1-4 Chapterl2. Simulation of road vehicles

12.9.4.7.1. General teSt PAramMELELS......ccoiiiiii e e eeee e e s e s e e s s e e e e e e s annnarane 1-161
12.9.4.7.2. Feature of driver test in case of 2D curve macro geametry.........ooceecvvieeeeeeeeeesienennns 1-164
12.9.4.7.2.1. Selection of macro geometry.file........ccccceei i 1-164
12.9.4.7.2.2. Use of irregularity fileS..........cooerriiiiiii e e 1-164
12.9.4.7.2.3. Simulation with test section profiles (T.SP).......ccccuriiiviriireriiiiirineieeeee e e eeeees 1-165
12.9.4.7.3. Feature of driver test in case of 3D testing area (triangulated surface)..................... 1-167
12.9.4.7.3.1. Assignment of testing area and MOLLE..............evieiiiicemriiiiiee e ee e 1-167
12.9.4.7.3.2. Initial conditions for Motion 0N teStiNG Area..........c.uvvveeiiiiieeeriiiee e 1-167
12.9.4.7.3.3. Model of tire/road INteraction..............oooiiiiieer e 1-170
12.9.4.8. Car SIMUIALON. .....ceii ittt eees sttt et e eaaaase bbbt e ettt e et e e e e e e e eeetseseeeeeeeeeaaaaaaeeeessans 1-171
12.9.4.8.1. General iNformation..........oooi i ee e 1-171
12.9.4.8.2. Simulator for vehicle with transmission Model.............c.euviviieeiiiii s 1-172
12.9.4.8.3. Simulator for vehicle without transmMISSIOTOEL.............c.eeveeiiiiiiirrei e, 1-173
12.9.4.9. Vertical harmoniC [0adiNg tESL........uuuuiiiiiiiiieiieeeiiitie e e e e e e ereera e e e e e e e e e e e e e e e s s enameees 1-174
12.9.4.10. Horizontal harmonic 10ading tESL...........uuuiiiiiiiiiieeeiiiriieie e s ereerer e e e e e eeeeeeeeeeens 1-175
12.9.5. Road vehicle specific Variahbles..............cooi i e 1-176
12.10.FEATURES OF LINEAR AN ALYSIS OF ROAD VEHIC LES .....uiiiiiiiiiiiineeeeeeiiimmeie e eeeees 1-177
12.10.1. Modes of vehicle linear @nalYSIS..........coiiiiiiiiiiiee e 1-177
12.10.2. Linear analysis of influence of driver model parameters..........oocvveviiieece i 1-178
12.10.3. Example of analysis of linearized equations of a simplified car model................ccoveeevvnnnnnn. 1-182
12.10.3.1. Simplified MOdel Of @ CAl.......ccoiiiiiiiiei e e 1-182
12.10.3.2. Equations of motion for simplified car madel.............ccooooiirieeeii 1-184
12.10.3.3. Root locus: dependence of eigenvalues on driver control parameters.............ccccceeueeie. 1-191
12.10.3.3.1. Study of influence of paramefer.............cccooeiiiiiiiieeer i 1-191
12.10.3.3.2. INfluENCE OF PAraMEEL...... e i 1-195
12.10.3.3.3. Influence Of Paramet@r............oiiii i 1-196
12.10.3.3.4. Root locus for advanced model of a passenger.Car............ceeveeriieieeeeeiniiieeeeenn 1-198

12.10.3.3.5Ro0t locus of a linear oscillator with damping proportional to the stiffness coefficierit199

12.11.INPUT SATELLITE PHOTO AS BACKGROUND TO ANIMAT 1ON ..cccvuuuieiiiriiineeeeeeeinmmeens 1-201
12.11.1. Creating picture and getting it'S SIZES........ciiiiie i ereer s e 1-201
12.11.2. Add texture with picture in the UM model..............ouuiiiiiiccciiiii e 1-203
2 5 0 TR {0 TS 1 W =T o S PPR 1-207
12.11.4. EditiNg MACTOGEOMELIY . .....uutiiiiie e ittt ettt e e ettt e e e e sttt eees e e e e s st bbe et e e e s aebb s e eaese e e e e s annnreeeens 1-210

12.12.LIBRARY OF CAR SUSPENSIONS......cccttuuuaeeeietnuneeamaesaaeeessnnnaaeeaennnnnsamansaeeseensnnnnns 1-212
12.02. 1. INIFOTUCTION. .....cieeeee ettt ettt e e sme e e ek et e e e e et et e e e smee e e snr e et e e e e s nanre e e e e e smneeeaa 1-212
I Y 1= e 1= ] T o U 1-213

12.12.2. 0. AXIE SUSPENSION......cccceeeiiieeeeieitet ettt e s s e e e e e e e e e eeaeeeeeaaaeeteesesteaaaa s e s eennsnseaaeeaaaeeeeees 1-213
12.12.2.2. Double WishbONe SUSPENSION.........uuiiiiiieieeceeeie et e e e e e e e e e eeaaeees 1-214
12.12.2.3. SerATrailing Arm SUSPENSIOM . .......utiiiiiiiiiiiee ettt srmme e e e et e e e e 1-215
12.12.2.4. MACPhErsSON SUSPENSIOL.....ciiiuttiiiiieiiiieeeitti et e e ettt e e e e e et e e e s st e e e e s s nbeensnneneeees 1-216
12.12.2.5. TOISION SUSPENSIOIL...ccciiiittiiieeeeiitieeeitiete e e e e atbeee e e e e st bbeesatbeeeeesasbbbeeaeeeaantbeeassbseeeesaannrees 1-217
12.12.2.6. FIVELINK SUSPENSION......uiiiiiiieiiiiiii ittt ettt e e e s e eb e aeer e e e e e e nneeee 1-218
12.12.3. Parameterization and Structure of MOEIS..........ccooiiiiiiieciiii e 1-219
12.12.3.1. GeOMeELriCal PArGMELELS. .....cii i ettt eeeeaaennnanreees 1-219
12.12.3.2. Parameterization of WHheelS...........oooiiiii e e 1-220
12.12.3.3. Steering CONEQL......coi i eiee et r e e st e e et e e eaaasssbesbbebbeseeeeeeeas 1-221
12.12.3.4. Modeling of Powered WhEEIS............ooiiiii e 1-223
12.12.3.5. INEItial PArBMELELS .. .. .uuiiiiiiiiiiiie et ieeet bbbttt et et e e e e eeeeb e st et ettt et e e aeaaaeeeessaameeeeaaaaaaaaaaaaans 1-223
12.12.4. Creating a Car Model Using Suspensions from LiDLaries..............eeeiiieaeiiiiiiiiiiiieieeieeee e 1-224
12.12.4.1. Creating Car MOUEL..........uiiiie ettt e e 1-224
12.12.4.1.1. Creating Car BOAY........ccuieiiiiiiiiie ettt ettt e srame e e 1-224
12.12.4.1.2. Adding a Suspension Model from Library...........cccooouiiiieeeiininie e 1-225
12.12.4.1.3. Connecting Suspension with the Car BOdy..........cccuveeiiiiien e 1-228
12.12.4.2. Preparing for SIMUIALION. ........oovveiiii e 1-230
12.12.4.2. 1. TIr€ MOUELS......eeiiieiiiiieieee ettt e e e rme et e e e e e nnneeeas 1-230
12.12.4.2.2. Identification Of the MOdeL............couiiiiiiie e 1-231
12.12.4.2.3. IIT@QUIATTHIES. .. ..o oottt ettt e e ettt e e e et et et e e e e aaasbnbbssneeeeaeeaaaas 1-233
12.12.4.2.4. Determination of preload for springs of SUSPENSIANS...........ccooiiieeeeeeeee e 1-234

12.12.4.2.5. Steering Wheel ROTAtION TESE........uui ittt 1-237



Universal mechanisrhO 1-5 Chapterl2. Simulation of road vehicles

12.12.4.3. TESES WIth DIIVEL.....eeiiiiiiiiiiiii ettt e s e e et e e e e e e nabeeas 1-239
12.1243.1.LowSp e e d 9.0, ..U . T oll e 1-239
12.12.4.3.2. Lane Change MaNOGUYLE...........ccccuuurrmriereesiessassnnnnssenressessessssssnsssnrssssssseeeesesammmnes 1-241

12.12.5. Available Car Models aZbnfigurations.............ccocciuiiiiiiimeen e ceeee e e e e 1-243

12.12.5.1. BMW 3 SEBIES....eiiieiiiitiiiie e e s itieeeittee e e e e s sttt e e e s s st e e estbeeeeeessasbbeeeeeesansbennsbaeeeeeesanbbaeeeaesans 1-243

REFERENCES ...ttt e ettt e e e e e s e et e e e s e s r e e et e e e s e senrrneees 1-244



Universal mechanisrhO 1-6 Chapterl2. Simulation of road vehicles

1. UM Module for simulation of road vehicles

1.1. General information

Program package Universal Mechanism includes a specialized mdkuksutomotive for
analysis of vehicle dynamics. The module includes additional tools integrated into the program
kernel as well as libraries of typical suspension elements and transmigdiisare delivered
separately. UM Automotive contains the following main components:
tools for generation and visualization of track macro geometry;
tools for generation and visualization of track micro profile (irregularities);
library of files with road irregularities as well as power spectral density files;
mathematical models dife forces fire/road contact forces);
driver models;
set of typical dynamic experiments.

=4 =4 =4 4 -4

UM Automotive allows the user to solve the following pleims:

estimation of vehicle vibrations due to irregularities;

estimation of vehicle dynamic performances on various maneuvers;

parametric optimization of vehicle elements according to various criteria;

analysis of influence of transmission on stability &addling of vehiclg

calculation ofcharacteristicshat determine the holding of the road by tlehiclein con-
trolled and uncontrolledhotion

= =4 =4 4 =4
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1.2. Base system of coordinates

Figurel.l. Base system of coordinates (SCO0)

Inertial system of coordinates (SCO0) in UM Automotive meets the following requirements
(Figurel.l):
1 axis Zis verttal, axis X coincides with the vehicle longitudinal axis at its ideal position
at the moment of motion start;
1 origin of SCO lies at the ideal road level.

1.3. Track macro and micro profiles

Track profile can be composed of three components: macro profile, pnafile and aspér
ty, which exert different influence on the vehicle dynamics.

The vertical macro profileconsists of smooth long vertical irregularities (wave length of
100meters and more), it does not practically affect the vehicle vibrations but essentiaHly infl
ences the vehicle dynamics, regimes of engine and transmissiohofibental macroprofile
contains description of a desired vehicle horizontal trajectory (path) for simulation of maneuvers.
Two methods are available in UM for description of the macro profile®

1 using two curves that define the horizontal and vertical profiles of the trajectery fo
lowed by the driver when the car is moving, and a curve that defines the slope of the
road Sect.1.3.1ADefining a macro profile using curves

1 using a triangulated 3D surfgceect.1.3.2fiVehicle movement on a triangulated-su
face (estingarego .

The micro profile consists of vertical irregularities (wave length fromch® to 100m),
which excite vibrations ofhie vehicle suspension, but the profile does not contain long slopes,
which change engine regimes.



Universal mechanisrhO 1-8 Chapterl2. Simulation of road vehicles

The asperities (wave length less than 10 cm) are filterdudsyand do not excite vehiclé-v
brations. They affect thigre functioning (adhesion, wear,cet.

1.3.1. Defining a macro profile using curves

() Macrogeometry =1
= B
m X
Horizontal profie (track)
----- . R, N B o3| - J
Vertical profie
_______ 0o Poits: 3 [-]
Road camber
: : : : Points: 5
------- T L [
Refresh
xﬂ
m
________ 4______________________1._____________________4_ e
0
14.97 -0.79
degrees . . . m
0 100 200 300
...... .2|:| R
310.8 -16.26

Figurel.2. Wizard of macro geometry. Horizontal (upper ple®rtical (middle plot) profiles
and road camber profile (lower plot)

Marco profiles are 2D curvesnsisting of a set of points connected by straight sectianrs, ci
cle arcs and splines. The horizontal macro profile is a set;piY(Xcoordinates on the path in
SCO0. The vertical profile is the set of points, (%), where Zis the vertical coordinatef the
track in SCO, and is the distance along the real trajectory of the vehicle (path coordinate). The
profile of road cainsher whssheedmber agetof tadk (dpgreesh t

C

-
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Horizontal, vertical profiles are stored ihmgf text files located by default in the
{UM Data}\car\macrogeometrydirectory.

To generate a macro geometry file useThels | Macrogeometryeditor | Road for carse
menu command. The wizard of macro geometry appEagarel.2)

Curves of profiles are created in the curve editor by cIickingiihmtton Figurel.3). See
Chapter 3Curve Editorfor more information.

" curve editor - Macrogeometry - O *
+ + @ ea R 2 e~
¥+ (m . . M X Y Type Smoothn... Length
: = Curve 1

R EECTEREE SEREREE R Tl REREEEEE e 1 -10 0 Lne 0

: : : 2 5 0 Line 15
----- 3 16.25 11.25 Circle 32.67145867...
e 4 16.25 100 Line 121.4214586...

S S 0% A R S

-40 0 40 &

oK Cancel

Figurel.3. Curve editor

Use theRefreshbutton to synchronize the vertical and horizontal profiles. After clicking the
button, a new horizontal profile is created with number of points equal to that for the vertical

profile, and the path coordinateis equal to distance alorige vertical profile from initial point
to pointi.

Figurel.4. Vertical macro profile
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Remark 1 It is recommended to locate the first point of the vertical profile at the origin
(0,0), and start the cuewvith the straight section along theaXis.

Remark2  Thecontinuoudriver model uses the derivative of the path following error
(Sect.1.4.3 "Combination of PID controller and previewodet, p.1-40), which
requires a differentiable function of the desired path. In this case a splin@interp
lation of the path curve is necessary.

1.3.2. Vehicle movement on atriangulated surface (testing area)

O LA v

Pl
<

Figurel.5. An example of a car moving along a triangulated road

Additional possibilities for creating a combination of a macro profile and a micro profile are
provided by the triangulated surfadgesting areg which appeared in UM 2023. The relief of
the surface/road in this case is specified as a file containing a graphic image of the surface as
set of graphic elements of the ASC type (a set of triangigg)rel.5. The car follows a route
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a userdefined trajectory on the surface (yellow curvd-igurel.5). When calculating thenier-
action of the wheel with the road, the actual geometry of the surface is taken into accoeunt. Te
rain triangulation can be obtained using modern video recordiihg too

Triangulated surface files are stored in the standard directory {UM Q&festingAred
The specific path depends on the installation of. Eample:

c:\UserdPublidDocumentd¥JM Software LahUniversal Mechanisi2023CanTestingArea

The standardanfiguration of UM 2023 contains three files for triangulating the roadbed and
rough terrain:

1 Road.imgi example of a triangulated road surface with an intersedtignre1l.5

Figurel.6. Square area of rough terrain

1 Square testing ground.imigexample of a square area of rough tetrain

Figurel.7. Rough terrain withslope

1 Surface with slope.im@ rough terrain with a slope in the longitudinal and transverse
directions
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1.3.2.1. Creating Triangulated Surface Files in UM Format

The surface must be previously created and saved in STL format. CAD programs or editors
such as Blende38D can be used to create them. To create a UM surface file
1 run the UMInput.exe program;

1 open the window for converting STL files using the menu comnfamds | Import
from CAD | Files *.stl.

CAD file converter

d
100%
Dimensian
X 133.0262 Y 194.9264 z 8.311432
Unit
1

Do not split into parts
Load STL file

Accept

Figurel.8. STL file converter

1 open file with buttorLoad STL file (Figurel.8); change the unit if necessary;abte

the Do not split into parts option and perform the conversion using Aeeept but-
ton.

Upon successful conversion, a UM model is created containingphigal image of the su
face,Figurel.9.

File Edit Object Add Tools Help

DeBH:2 a0 B2 %% P UMComponents | Conpsokeriua UMLoco  Carfviheels

D@ 7~ hF S E R By R
@ object

v 8 o Fam|lg & OGSk @0 8 ww elaepE|

LRk goPartl

» - Joints
i-#F Bipolar forces

Scalar torques
Linear forces

* Contact forces
T-Forcas
Special forces
2 Connections
~123 Indices
Summary
Crnnrdinatac

=8 + W

Whole list

Mame Expression Walue

Figurel.9. Graphical imagef surface
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To add the surface to tlatabase, go to the Partl graphical objeigure1.9) and save it in

the standard folder witlsurfacefiles of the automotive module using the butEon the
toolbar, Figurel.10.

B 3anucate 3nemeHT

*
« v <« Universal Mechanism » 2023 » Car » TestingArea v (] Mowck &: TestingArea
¥nopagounte ¥ Hoean nanka == - 0
~
@ OneDrive ~ ma [ata WaMeHeHuA Tun
= 3701 kOMNBIOTEP o Road UM Image
B eugeo o Square testing ground UM Image
= fokymerTs o Surface with slope UM Image
L 3arpyskn
=] Mzo6paxeHna v <€

Wmn daiina: | My roadl

Twn daina: | (*.img)

# CKpbITb Nanku OtMmeHa
Figure1.10. Saving the file under the nariwy roadto the database of triangulated surfaces

1.3.2.2. Setting routes

To use a triangulated surface in tests with a driver,usemust specify a list of routes that
the car will follow. Tocreateand edit the lisof routes

9 start the simulation program UMSimul.exe;
1 load any model of road vehicle;

1 open the igulation inspector window and the t&wad vehicle | Testing areaFig-
urel.11;

Object simulation inspector

Solver Identifiers Initial conditions
Object variables XVA Information Road vehicle Toals
= - A - ‘ L@
Identification Tests Transmission Resistance Scanning
Units Tires Options and parameters Tools Testing area

File with testing area

| = &8

.o

Figurel.11 Tab for settingesting areand routes

Setting testing area

Use the buttor £/ (Figurel.11) to open a file*.img, which contains the triangulatedrace

image (testing area)f a list of routes has already been created for the selected file, it will be
displayed in the table
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Units Tires Options and parameters Tools
File with testing area
|C:\Users\Puinc\Documents\UM Software Lab\Universal Mechanism\2023\Car\ TestingArea\Square testing ground.img | & E

List of routes

g hEEE

N Name of route
1 Route #1
2 Route #2
3 Route #3

Figurel.12. List of routes

Creating and editing routes
A route is a usedefined curve on a surface thavehicle follows under the control of the

built-in driver model
The following tools are used
el Adding a new route to the list.
B~ Deleting the selected route from the list.

[@] AHuMauMoHHOE OKHO (crapoe a4po)...

LIKKRIRE Al AV 1D RS

Figurel1.13. Setting key poinfor the route

Tt Adding a new route and switching to the mode of setting key points of the route using the

mouse.
When this button is clicked, an animation window appears wstirfaceimage, in which the
user set markers (key points) on the route witretinouse Kigurel.13). The user should be
guided by the following rules for setting markers.
1 The first and second points determine the initial position of the car, so that the origin of
CKaO is located at the fitgpoint, and the Xaxis (the longitudinaldirection)is determined by

the second poingigurel.14.
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1 The markers are placed in the positions corresponding to the change in the direction of
movement, as well as at the points where it is supposed to start and end the change in tt
longitudinal speed of the vehicleigure1.15.

1 After setting thekey points, close the animation window and confirm saving the imgput r
sults.

Figurel.14. Examples of initial vehicle positns for various routes

Figurel.15. Markers corresponding to the start and end of braking



Universal mechanisrhO 1-16 Chapterl2. Simulation of road vehicles

Editing the selected route in the curve editor
Click the™ button to open the selected route in the curve editqure1.16.

“!"u Curve editor - RouteForm — O *

+ +£ i ‘ Line ~ ‘

-“—‘ﬁn\__‘_ N X Y Type Smoot

= Curve 1

: : : \ : 1 -69.13.. 30.931.. Line &=

2 14.517.. 19.923.. Line =

60 10 30 0 3 32.504.. -5.80L..iLlne | K

: : : 4 40.092.. -73.29.. Line =

------- i e 11
£ >
0K Cancel

Figurel.16. A route in the curve editor

In the cure editor window, the user can

- correct point coordinates

- delete or add any number of points

- perform route smoothing using circular arcs or splifegurel.17.

Detailed information about this tool can be foundGhapter3 of the User's Guide, Sect.
fiCurve EditoD .

"!"& Curve editor - RouteForm — O x
+ += fij | Lne v
\ N X Y Type Smoot
. = Curve 1
: : : : : 1 -69.13.. 30.931... Line =
: ! ! 2 14.517.. 19.923.. Line [
60 a0 30 0 3 32.504.. -5.801... Cubicsp... [
: : : 4 40.092.. -73.29.. Line =
------- e R
L4 >

oK Cancel

Figurel.17. The route after editing

& Viewing the current route in an animation window

Highlight the required route in the list and click this button. An animation window p4ll a
pear showing the testing area and the route with markers. If you move the mouse cursor to th
marker, then the marker coordinates and the distance to it alongite&vall appear in the st
tus bar at the bottom of the windokigure1.18.
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[@] Animation window (old engine)... = O X

Marker #3—>(32.5:-5.84 : 5.13) S = 118.0 m I

Figure1.18. The route in animatiowindow

I Save the route list in a file

The routes are saved to a text file with the *.rt extension with the same name as the graphi
image of thesurfaceand in the same directory. For example, feugace

{Data UM} \CanTestingAresRoad.img
The routewill be saved in the file

{Data UM}\ CanTestingAresRoad.rt.

1.3.3. Micro profile (irregularities)

Micro profile or road roughness (irregularities) in UM is a function of the longitudisal di
tance s, which is the distance along the real trajectory of wheetawdason. Irregularities are
stored in*.irr ! text files for the left and right tracks separately. A file contains two columias sep
rated by space(s). The first column contains the distance coordinate s, the second one is tt
height of irregularities. Botkoordinates are in meters. When generated by the wizard ai-irreg
larities, the step size in the path coordinate is 0.1m. By simulation the irregularity function is
smoothed with the Bpline. An example of the irregularity file is given below.

Note. Pleasenotethat point is used as a decimal separator.

0 -0.0247274
0.1 -0.0266635

ICNRBY WANNBIdzA F NAGASAQ
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0.2 -0.0283658
0.3 -0.0294865
0.4 -0.0299168
0.5 -0.0298581
0.6 -0.0297213
0.7 -0.029892

0.8 -0.0304888

1.3.3.1. Library of irregularity files

UM in configuration withUM Automotive module includes a library of spectra and resliz
tions of irregularities, which correspond to different roadway coverings and their states.
Spectra of halsums and haltlifferences are obtained frof)] and correspontb the track
width 1.8m. Irregularity files in the library are generated with these spectra.
SeeSect.1.3.3.2 "Generation of irregularity file§ p.1-21.

Irregularity spectra

Location{UM Data}\car\irregularities \spectrum

File *.crv Comments*

concrete+, concrete Concrete on rigid foundation
asphalt_fine+, asphalt_fine Asphalt, good state
asphalt_satisfactory+, Asphalt, satisfactory state
asphalt_satisfactory

cobble+, cobble Cobblestone road, satisfactory state

*Signs + and correspond to hafum and hatflifference spectra

Use theTrack tab of the irregularity generation wizard to get the file on-bath and half
difference spectraH{gurel.19). Note that the frequency in the above files is measured in rad/s,
andthe Angular Frequencykey must be on.

Irregularities

Location:{UM Data}\car\irregularities

File *.irr Comments*

concete_left, concrete_right | Concrete on rigid foundation
asphalt_fine_left, Asphalt, good state
asphalt_fine_right

asphalt_satisfactory_left, Asphalt, satisfactory state
asphalt_satisfactory_right

cobble_left, cobble_right Cobblestone road, satisfact@tate

* left andright correspond to the left and right track

Plots of left and right irregularities from the library are shown below.
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1.3.3.2. Generation of irregularity files

1.3.3.2.1. Wizard of irregularities

u& Generation of track irregularities E@
Resultant profile H O Length 1500 Step 0.1

Profie components
v'| Track - First / Left

A ..”.HH | M A |l.un hi “‘ ]H

' 'F[F'"F snn snu X &iiooo l 12E|E| ” 1400

=

4 Ll 3

Single profie ¢ O KB Factor 1 | Autocorrection of length

Start 0 Finish 1500

mim

Expression Points
From fie | Sump | Track | ISO...

____4_"- IS0 8608 -

LMin (m) 1.0
LMax (m) 100.0

; N 1000
m B (m) 1.40
1400 Road dass
A (very good)
@ B (good)
C (avarage)
D (poore)
. E (very poor)
N F
: G
H

Degree of Roughness
J

Output roughness
Q) First [ Left Second / Right [ Generate

Figurel.19. Wizard of irregularities

A new file of irregularities is created with a special tool, which is available in the
UM Simulation program by clicking thelools| Irregularity editor | Road for car € menu
command igure1.19).

Within this tool the longitudinal coordinate mseasured in meters but the irregularitiesn
millimeters.
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Workflow

Theresultant profileof irregularities is plotted in the top part of the tool window as a sum of
separate profiles, generated in the bottom part of the window. After a separate cornptment
profile is ready, use trT" button to add it to the resultant profile. Use 8tart, Finish, Factor
parameters while generation of the component. These parameters allow the user both add at
stick profiles.

Use theld in the window top to save the resultant profile to file.

Elements of control

Top part.
o Buttonld is used for saving the profile in a file.
o Button clears the resultant profiles (removes all components).
o Parametetengthsets the length of the data along the track.

Bottom part

Tabs in the right bottom part are used for creation separate irregularities of different types.
The corresponding plot is located in the left bottom part of the windfoguie1.19). Buttons
and parameters at the top have the following functions.

o Button T adds the current separate irregularity to the resultant track profile.

o Buttonld saves the current separate irregularity to file.

o Buttonsd clears the current separate irregularity.

o ParameteFactor. the current separateegularity is added in the resultant one, it is
multiplied by this factor. Consider an example. The user wants to convert sogae irre
ularity in text format data into UM format. Let the data be given in meters. The tool
with the help of thdPointstab can acept the irregularity. However the factor 1000
should be set before adding the data to the resultant profiles to convert it inemillim
ters.

o TheAutocorrection of lengtlecheck box: if it is on, the length of the resultant profile
is automatically increasdd match the adding separate irregularity.

0 The Startparameter shows where the separate irregularity begins when added to the
resultant profile. Note that the plot of the separate irregularity in the bottom graphic
window always starts with zero.

0 The Finish parameter sets the length of the current irregularity. More exactly, the
length is the difference between the finish and the start parameter values.

1.3.3.2.2. Generation of irregularities by power spectral density function (PSD)

Irregularities can be generatbgl any power spectral density¢ with the help of the fle
lowing formula:
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Here Yi is the step size, m; N is the number of harmoni¥g; is the PSD function,
m3/(cycles/m); n is the spatial frequency, cyclesyin,is the step size of frequendy; is the
minimal frequencys is the stochastic phase uniform distributed it ' .

The following function is usually used for approximatmfiPSD[2]

Y¢  O¢
whereC, ware some constants, i.e. in the logarithmic scale the PSD plots are straight lines whick
inclinations are defined by a negative constants
a"QYoe 0 a"Qe
A coherence functioh € isrecommended to be used for generation oftnaok irregular

ties. Estimation of the coherence function for different values of the track @ldghgiven in
[3], Figurel1.20. It allows evaluation of PSD functions of a halfm™Y and halfdifference™Y of
the left and right irregularity heights by the given PSD functi@s

Y& Y& p " & Tch

Ye Ye p " & ¥c8
PSD"Y, "Y functions are used for generation of the salin and hatflifference profilesy , a ,
which result in profiles for the left and right trackstas & & ha & .

{-C

-"g_{'__.‘, —
L e |

| esptuyee y°

ab ]

I:! 1 1 r 1 o v gl ] 1

o -1 1-Q

Yavenumber {cycle/m)

Figurel.20. Coherence function for different values of track wi&h
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1.3.3.2.3. Models of roughness generated by PSD: ISO 8608, Wong, Dixon, exper-
iment, track

Start 0 Finish 1500
mm i i i i Expression | Points |
' I ' From file | Slump | Track | 150...
Wong
Dixon [50 8608 o
Experiment LMin (m) 1.0
i : ' LMax (m)  100.0
: N 1000
1) B (m) 1.40
800 1000 Road class
A (very good)
. @) B (good)
5 C (avarage)
: | : D (poore)
. : : i : i : E (ve r
AN - f g e L/ RRREEEREERE] B B SEES F( v poon)
G
H
Degree of Roughness
|
Output roughness
Q) First / Left Second / Right [ Generate

Figurel.21. Generator of the letind right track roughness

To generate coherent irregularities for the left and right track, the following steps ase nece
sary,Figurel.21:
Selectthe PSD type (ISO 8608, Wong, Dixon, Experiment);
Set the minimal and maximal length of the roughness Wwiia , LMax ;
Set the number of harmonics N;
Set the track widtB (m).
Set other parameters depending on the roughness type, see below.
Compute irreglarities by the click on th&eneratebutton.
Select theDutput roughness(Left/Right track).
Save irregularities in two files as it is describedett.1.3.3.2.1"Wizard of irregularities,
p.1-21

=4 =4 4 4 4 -4 4 4

Now consider different types of PSD functions implemented in UM.



Universal mechanisrhO 1-25 Chapterl2. Simulation of road vehicles
1.3.3.2.3.1. ISO 8608

-

D.
'y

™

10

Displacement PSD [m’fcycle]

—
DI

107}

10_ 1 1 L1 I- 1 1 1 1 1 I L1 F

Wavenumber, [cycles/m]

Figurel.22. SPD function by ISO 8608

The standard 1ISO 8608 1995 (e) introducescthssification of the road roughness level (A

H) and a PSD function, which can be used for generation of track profiles. The PSD function is,
Figurel.22:

Y £7¢ e ¢
Y £7¢ e ¢
The following parameter values are recommended in ISO 8608:

P
cH
The"Y parameter specifies the roughness level accordimglte1.1.

Y

¢ 1) cho pD8

Tablel.1
Classification of road surface roughness by ISO 8608
Road class Degree of roughnessy
( PTG TOOON Qi
A (verygood) <8
B (good) 8-32
C (averagg 32-128
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D (poor) 128512
E (very poor) 5122048
F 20488192
G 819232768
H >32768

To specify the roughness, the user should select the road class and the roughness degr
within the selected clasBijgurel.21.

Figurel.23 shows roughness of class®, ¢ 1 p 11, LMin = 3m, LMax=30m, number
of harmonics N=3000.

Figurel1.23. Example of road roughness for the left and right tracks
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1.3.3.2.3.2. Wong

| From file | Slump | Track | I50...

Wang -

LMin (m) 1.0
LMax (m) 100.0
M 1000
B (m) 1.40
Road surface type
() smooth runway
(") Rough runway
@ Smooth highway
(" Highway with gravel

Figurel.24. Road raghness parameters by parameters according to J.Y.[&pbng

Tablel.2

PSD function parameters according to J.Y.Wond?2]

Road description w C
Smoothrunway -3.8 431011
Rough runway 2.1 8.1310-6
Smooth highway 2.1 4.8107
Highway with gravel 2.1 4.£106

In the book of J.Y.Won¢2] some parameter values for the PSD functddh 6¢ are
given, sedablel.2, Figurel.24.

1.3.3.2.3.3. Dixon

Dixon -
LMin {m) 1.0
LMax (m) 100.0

N 1000

B (m) 1.40

Roughness range

@2 W @7 12 (F
®3 8@ (13
©a@ ©09 ()14 (G)
@5 @10E ©15
©e(@ ©O1n (0116 (H)
W1 -2.5

W2 -2.5

Figurel.25. Road roughness classification by J. Dixéh
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Rating § mean (cm*/c) S range (cm’/c) IS0 class ISO description
2 4 <8 A very good
3 8
-+ 16 8-32 B good
5 32
6 64 32-128 C average
7 128
8 256 128-512 3] poor
9 512

10 1024 512-2048 E very poor

I 2048

12 4096 2048-8192 F —

14 16384 8192-32768 G

16 65536 =>32768 H

An extended classification of road roughness is proposed in the book of J.[Bjixanich
includes 1ISO 8608 as a particular case. The road rating is specified from 2 to 16, where the
roughness degree parametérincreases twice when the rating increase by a unit, whicle-corr

sponds to the growth of the roughness level by the fatfoiThe same IS@608 PSD function
is used
Vi Y €€ e ¢
Y e7E e ¢
¢  -“8The parametens ) can be set be the user. The default values are 0 Cd.

1.3.3.2.3.4. Experiment

Experiment -

LMin {m) 1.0

LMax (m) 100.0

N 1000

B (m) 1.40

S0 (cm”~3) 16

no(1/m)  0.159

W1 -2

W2 -1.5

Figurel.26. PSDparameters

In this case, the user can set arbitrary values of the PSD furfeigomne1.26
Vi Y £7¢ e ¢
YeTE R &8

Thus,this is the more general case compared to the above descriptions, in particular, the use
can set data obtained from field tests.
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1.3.3.2.3.5. Track

From fie | Slump | Track | ISO...

Spectrum of haff-sum

(none) J
Spectrum of haf-difference

(none) J
Number of harmonic 3000 X

¥ | Circular frequency

| Generate ‘

Figurel.27. Pointwise description of PSD functions

Like above, thigool is used for generation of coherent track profiles.

The PSD functions of hafum and hattlifference spectra is set by points with the cunie ed
tor. The user can use files of spectrum library if necessaryS@etel.3.3.1 "Library of irregu-
larity files", p.1-18). Please remember that the spectra from the library depend on the angular
frequency, ad the corresponding key must be checkadyrel1.27).

Two realizations are created by the kalm and haltlifference spectra, conditionally the
left and the right ones. Use tiutput roughnessradio group to switch between them and to
create two different files.

1.3.3.2.4. Other tools for description of road roughness
1.3.3.2.4.1. Analytic expression (the Formula tab)

Set an analytic expressid(x) in the Function of irregularityedit box and press thenter

button or click = button. Standard functions can be used in the expressibapter3,
Sect.Standard functions and constantStandard expressions can be assigned from the pull
down list as well.

1.3.3.2.4.2. Slump

Create a special and often used irregularity. Set its position and length usiagriend
Finish paraneters.

1.3.3.2.4.3. From file

Here an already created file of irregularities *.irr can be read. To do this, L2} bogton. A
part of the irregularity, which length and position is determined bytag andFinish parane-
ter may be added to the witsint track profile.

1.3.3.2.4.4. Points

Here an irregularity is created as a set of points defined with the help of the curve editor
(Chapter3, Sect.Object constructor/Curve editprTo call the editor, click th=d button. In pa


03_um_data_input_program.pdf
03_um_data_input_program.pdf

Universal mechanisrhO 1-30 Chapterl2. Simulation of road vehicles

ticular, here the user can convert an irregularity given in a text format into UM format. For this
purpose the irregularity should be open in any text editor in ecolonn format. The first do
umn should contain abscissa valuesneters, i.e. the longitudinal coordinate starting with zero
value. The second column should contain the irregularities, e.qg.
0 O
0.050.011
0.10 0.021
é.
To input this data from the clipboard
o Delete all previously added points
o Copy data intelipboard from any text editor in a standard manner,
Activate the curve editor by the mouse and paste the data from the clipe#d/ (or
Shift+Inserthot keys).
Spline approximation can be applied to the data.

Use theFactor parameter if the irreguldies are not measured in millimeters to convert data
to the necessary unit (mm). For instance, if the ordinate is originally in meters, the factor must be
1000.

Note that points can be set with any step size on abscissa. But before saving the dada into t
*irr file they are interpolated with the step size 0.1m usirgplhe smoothing. Thus, the result
will be slightly different from the original due to features of thesf@ine. This smoothing is
physically similar to smoothing of small irregularitiegthe tire.

1.3.3.3. Assigning irregularities

Use theRoad vehicle | Optiongab of theObject simulation inspectorto select the irreg

larity files for the left and right wheels by clicking t2| puttons Figurel.28). Paths to seléed
files are stored in the configuration filecar.
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Object simulation inspector
' Salver I |dentifiers | |mitial conditions I
Object vanables I | nformation Foad vehicle | Toolz
== e
| dentification | Testz I Fesiztance
Uitz I Tyres T ool

—Irreqularitie
Left II::"-.Llsers"'.F'uI:uIiI:"xDDcuments"xLlM Software La@

Right I"E:"\LIsers'\F‘uinc'\DDcuments"aUM Software L@

—Foad image
Road width |4.000
Centerling width |1
Road calar I. clGray j
Line color ||:| clvellow j

N | nterrupt on overturn
[¥ Compute Jacobian to tie contact

Integration | Meszsage | Claze

Figurel.28. Setting current irregularities
Current irregularities are visualized by clicking bdbutton.
Irregularity profiles are corrected at the first twter distance to provide a smooth run of a

vehicle on the irregularitiessigure1.29. Thus, the vehicle at start is always on an absolutely
even horizontal plane.

Figurel1.29. Correction ofrregularities
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1.3.4. Test section profile

Figurel.30. Speed bump

Figurel.31. Asymmetric road irregularities for the left and right track

Test section profile§TSP) are geometric deviations of road frireideal state, which ca
not be considered as smooth and small irregularities. For exaangpeed bump iRigurel.30
or stegs in Figure1.31 can be considered in UM as TSP orflje tool is applied to the test
with driver only when specifying the macrogeometry of the vehicle movenosing a flat

curve, Sectl.3.1iDefining a macro profile using curves
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Creating the TSP files isonsidered in Sectl.9.1.3.2fCreatingfiles with test section -
fileso.
Features of the tire model when using TSP are discussed irl SetfiSinglepointand mur

tipoint normalcontact models .
Assignment of TSP files in a test with driver see in Se&.4.7.2.3iSimulation with test

section profilegTSPY.
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1.4. Driver

141.Mac  Adamds model

The MacAdamdés model i's one of the efficie
follower) in the case of a singlait vehicle. A simplified linear modelf@ two-wheel vehicle
with two degrees of freedom lies in the bases of this model. According to the driver model the
steer angle is computed from the condition of minimal deviation of the predicted path from the
desired one. Consider the mathematical sidée model in more detalils.

The control6 (the desired steer angle) is a piecewise constant function. Consider the vehicle
position at the tim® when the next value of the control is evaluateidure1.32). Without lcs-
ing generality of solutions obtained below, this moment can be set toozeray. Let us ntro-
duce an inertial framé @ &, connected with the current position of thévieée. The origin of
this system is located in the middle point of the centerline of the front axle; the abscisga axis ¢
incides with the longitudinal axis of the vehicle.

Xy

Desired path

\

Predicted path

Figure1.33. Two-wheel model of vehicle

If the steer angle u is given, the simplified model of the vehicle showigurel.33 has 2
degrees of freedom: the lateral coordinate of the vehicle center of mass y the yay. amgge
ar equations of motion in these \doles have the following form:
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Universal mechanisrh0
) h (1.2)

00 < A -
0 0
. Ow 0, 0 Ow
Q o2 0
Here0 fb are the projections of the vehicle velocity on the longitudinal and lateral axis of
the vehicle§ @£ £),i] 0is the yaw rate¢hidare the distances from the mass center to the
front and rear axles) iOare the mass of the vehicle and its moment of inertia about the vertical

central axisp b are the cornering stiffness constants for the front andiresr
The observed variable is the lateral coordinate of the middle point on the centerlee of t

] 0WNd

from axle
W W W8 1.2
Equations(1.1), (1.2) are linear with constant coefficients, and can be written in the matrix
form as

(1.3)

C4
2Ty

€ C
Os
€

b=
b=
o
O
Q

General solution of Eq1.3) with the assumption Q& £is 0
(1.4)

®0 Qo Q é6'Qtho
W o 00w "Qoo8
Here w is the matrixcolumn of initial conditions. Th@
function"Q0 are obtained from the relations

T matrix "O0 and the scalar

06 6Q RQo Ot 6 Q&

The state transition matri® can be computed by numeric integration if differentialaequ

tions with the identity matrix as initial conditions, i.e. ith column of this matrix is the solution of

Eq.(1.3) with the initial conditiongo ~ pho  THQ "QThe more effective method of opu-

tation theQ matrix is based on solving the eigenvalues/eigenvector problem foratinex A.
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Let w O be the desired pathrigurel.32). Determine the control u minimizing the davi
tion of the predicted path from the desired ded ¢ 0 @ O on the preview timen-
terval”Y. The following expression is the minimiz&dctional

06 Yot Qt ot Oted Qtoo6Q8
The desired conttas computed from the equation

aéc w1t Otw "QtoQtQft

¢ wt ™OtwQtar ¢6 "QTQf m

or
w T Oftw Qf 'Q’Er3
QtaQft

The obtained solution can be simplified if the integrals are replaced by finite sums. For this
purpose we divide the preview tiféinto N equal subintervals.

. B W 0 00 w Qo .. 0.4 (1.5
(0] prp— ho -
B Qo 0]

Currently UM use® p o
The driver reaction is taken into account as the neuromuscular filter, whtble operator
form looks like
1 01i oh
Q
p Yi

Oi
Here] is the steer angl@®, is the driver reaction delay, aid is the neuromuscular lagfA
ter the transition this expression in the time domain we obtain the differential equation
Y 7 60 0 8
Taken into account that the conti@l0 is a piecewise constant function, the equation is
solved analytically. Ledb be the moment in whictine control u is computed. Then
10 6Q "’ 6h o8 0 o 0
1T 170 o0
The steer wheel angle is obtained after muliqgythe anglg by the steer rati®

| a8
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Thus, the control is computed taking into account the desired path on the preview distance
0 0", where v is the longitudinal velocity of the vehicle, divdis preview time. But the
control value change can be done with a period less"tebet us introduce the notion of a
number0 of control steps on the preview time interval so that o0 “YZ0 . For in-
stance, if Y psand) ¢, the newcontrol u is computed with the period 0.5s.

Tablel3cont ains a |list of parameters charact

Tablel.3
MacAdamd model parameters
Paramete Comments Recommendechi | Default value
terval of values

Y Preview time 1-2s 1s

0 Reaction time delay >0.15s 0.15s

Y Neuromuscular lag 0.1-0.2s 0.15s

0 Number of control steps 1-4 2

Simulation result for a maneuver of the ¥&&Z 2109are shown irFigure1.34, Figure1.35
with the following parameter values: v=5m/¥, ¢s,0 T 0,”Y T1®i,0 c.

40

Figurel.34. Desired and simulatgehth
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0.8

0.4

0.4

0.8

1.2

Figurel.35. Steer wheel angle: control before (1) and after (2) the neuromuscular filter

Note. Currently the MacAdam driver model cannot be used in case of a multiurit veh
cle.

1.4.2. Continuous preview model

Unl i ke the MacAdamdés model the contr o i n
puted on each step of the simulation. lietoe the preview distance, which depend on thé-veh
cle speed) and the preview timéY asO  0"Y. The driver reaction delay is taken into e-

count as well.
The block diagram of the control is shownHRigurel.36. The preview bloclgenerates the

lateral coordinated 0 “Y on the desired path at the distaficen the vehicle coordinate sy
tem, Figure1.32. The driver predicts the lateral displacement of the vehickfter the preview
time"Y using the current values of the lateral velocity and acceleration of the vehicle as

®w wWo Yoo wo Y U Ywo
The control is proportional tthe error, which is the deviation of the predicted and desired
lateral coordinates taking into account the driver reaction delay.
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ydi Preview e Control d Vehicle y
— P(s) _’CP_’ H(s) ! —> model >
s s
i Feedback | _ ?
| w| B9 T
\  Driver model

Figure1.36. Block diagram of the control

The trarsfer functions are:
Previewd i Q

Control:0Oi 0Q R 0Y
Feedbacko i p i

Herev is the gain.
Transformation in the time domain leads to the following equations:

S0 h o Y @h
® “Yooh
170 0-0 0 8
or
70 VWO Y O Yoo o0 h
| 0 "M 08
Simulation result for a maneuver of the ¥a&Z 2109are shown irFigurel.37, Figure1.38
with the following parameter values: v=5mi’¥, pifd 1 0h) TH8
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Figurel.37. Desired and simulated path

0.8

0.4

0.4

0.8

12

Figurel1.38. Steer wheel angle: control (1) and the driver output (2)
Note. In case of a multiunit vehicle the control is applied to the Unit 1.

1.4.3. Combination of PID controller and preview model

Both the MacAdam and the preview diver models are used in cases when a nearly veal beha
ior of the driver is necessary. They cannot guarantee a strictly path following. At the same time
some standard and frequently used closed loop maneuvers raqeerg exact following the
path to make possible the comparison of simulation results obtained with different software. In
UM such type of the driver model is realized as a combination of a PID controller and the seconc
order preview model.

170 0UY0D 0Y0 U YOTQT O w06 Y 6 "YwO 0 (1.2
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where three first terms correspond to the PID controller with three new control parameters
0 R RO . Note that the gai® does not depend on the preview distance, and its value is not
equal to the gain in the second order preview model.

As is known from the theory of motion control, the integral term of the control is included to
compensate for stationary errors in the aantrhis type of error occurs, for example, in the
presence of a constantly acting lateral force such as a side air drag force, or if thereaare devi
tions in symmetry in the model.

D S0 [=10) L) oo oo S ol

Figurel1.39. Lane change maneuver. Desired path and simulation result.

Figure1.40. Lane change maneuver. Path following error.

Figurel.39, Figurel.40 show simulation results for a lane change maneuver obtained for a
tracktrailer model Sect.0. "
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Units', p.1-94). The following parameter values were used:

v=88 km/h,v p®&h TR

chh mdixRy pild 8o

Tablel1.4 contains the list of parameters for the continuous driver model

Parameters of continuous control

Default value
Parameter Comment

Passenger car Truck
Y Preview time 1ls 1s
0 Reaction delay 0.02s 0.05s
0 Gain factor 0.075 0.075
0 Gain factor 2 0.2 1.5
0 Factor for differential part of 0.05 0.2

control
0 Factor for integral part of contrg 0.3 2
Note. The controller uses the derivative of the ei¥drwhich requires a differentiable

function of the desired path. In this case a spline interpolation of the path curve is
necessarySect.1.3.1fDefining a macro profile using curves

1.4.4. Selection of parameters for continuous control

The default parameter values givenTiable 1.4 often give satisfactory control results. Mo
ever, the behavior of the model depends on many parameters: tire pyEerspension param
ters, speed, type of a trajectory, etc. Since the problem of vehicle control is nonlinear and doe
not have a rigorous analytical solution, in some cases, in order to achieve a given control quality
it is necessary to change the valwé the parameters. To do this, we recommend two agproac
es: linear analysis and multivariate calculations. Both approaches require the péazativetef
control coefficients, that is, the assignment of identifiers specified in the input program to the
coefficients, see Se.9.1.2.4iParameterization of driver model.

Investigation of the driver model by means of linear analysis

Using the root locus, one can obtain important information about the influence cé-the p
rameters of the continuous driver model on the behavior of the vehicle when driving in a straight
line. In particular, to determine the area of loss the control s$tabilihigh speeds, see Sect.
1.10.3.3¢Root locus: dependence of eigenvalues on driver coparalmeters .

Investigation of the driver model by means of multivariate calculation

To determine the values of the control parameters that provide the desired quality when the
vehicle passes curved trajectories, itasommended to use multivariate calculations. This tool
allows you to quickly obtain and process simulation results when changing the parameters spec
fied by identifiers.
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Figurel.41shows the simulation results for a VAZ 2109 car when passing the lane change
test at a speed of 80 km/h for the values of the control parametfd,0.4] with a step of 0.05.
The corresponding multivariate calculation is included ingfamdard delivery of the program
and is available in the directory.

{Data UMI\SAMPLESAutomotivaMVC\SAE lane change
In order to open the corresponding multivariate calculation, use the menu corSceand

ning | Load project... and select the project.

0.2

Path deviation, m

Figurel.41. Comparison of the results of the lane change test at different values of the control
parameten
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1.5. Tire models

Models of tre/road interaction forces allow computation of the forces in dependence of some
kinematical variables: longitudinalip, sideslip, camber. Threedimodels are implemented in
UM:

1 FIALA model, see Sectl.5.],
1 Pacejka Magic Formujasee SecD;
1 Tabular modelsee Sectl.5.4
1 TMEasy tire model, see Sedt5.5

Parameters describing the models are storédririles. The default directory for these files
is {UM Data}\car\tire. The user may use the buiitt Wizard of tire modelsfor changing model
parameters.

Tire models described here are used botivh Automotive andUM Monorail train- mod-
ules,seeChapter 26Simulation of Monorail Train Dynamidg$ile 26_um_monorail_train.pdf)

1.5.1. Single point and multipoint normal contact models

Figurel.42. Single point contact

The single point model is the common method for description of the normal f@oe the
contact between the road and tire. The force depends on the tire deflitiovhich can be
computed as the maximal penetration of the rigid wheel cingte the road Ine like in
Figurel.42,

"0 "OYava 8
Usuallya linear dependence of the forceXinand its time derivativ¥d is used.
"0 QYa QYas (1.1)
The force is applied to the point of the maximal deflecgerpendicular to the local road line
Themultipoint tire contact model is applied when the road has special deviations lille obst

cles, potholsor something like thafFigurel.43. In such cases the tire contact patch masisb
of two or more separate sections.


26_um_monorail_train.pdf
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Figurel1.43. Special road deviations

Two different methods are implemented for the multipoint contact:
1 discrete point contact
1 flexible distributedcontact.

In both caseghe regions of intersection between the tire circle and the road line areteompu
ed

Intersection

Figurel.44. Two regions of intersection

If the discrete point contactis used, the normal forces at each of the region depend on the
maximal penetration deptf ,

O QYa Qyas

The forcesO are appliecatthe poins of the maximal intersection depth and dirediethe ce-
ter of the wheelFigure1.45.
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Figure1.46. Distributed contact model

In the case of th#lexible distributed contact, the normal force for a separate contact region
is computed as eesultant forceof a distributed loadThe distributed load is proportional to the

penetratiordepthfunctiony @ along the regiofFigure1.46

%2
Fui =Kzg AA()N(x)dx,
X1
whereQ is the distributed contact stiffness constamtin is the normal to the roaclurve If
the road curve is a straight line, thlastic component of tHerce is proportional to the interse
tion area,

%2
Fezi = Kzg AA()AX=KgA, (1.2)
X1
Taking into account Eq1.2), we can compute th® constant equivalent to thee stiff-
nessQ from Eq.(1.1),
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QO QYajo h (1.3)
whereYa is the static tire deflection, arid is the area of intersection on the tire circle with the
road line at the static position. This means, all the models will give the same normairfdrce
deflectionat static position of the vehicle.

The flexible distributed contact presents a nonlinegeddence of the contact force on the
tire deflection Y&. According to Eq(1.2), for an ideal straight road section

Fer = KpqA(DR) = ar2 - (r - Do)rsina © kyq-/2r 032 = (kyq-/2r OF¥2 ),

. 20y [Dr? 20y (1.4)
sing = - °aq, a° . |—.
r r2 r

Herea is a half of the centraltheelangle for the contact patchndr is the undeformed tirear
dius

So, the stiffness is proportional to the square root of the deflection like in the case of the Herz

contact.

Choice of the contact modeldepends on type of the special road deviations. The discrete

point contact gives good results for rolling up a step and bad results for run over a small pothole

like in Figurel.47. Backwards, the distributed flexible contact is appropriate for small potholes,
and gives bad results for high steps.

The flexible distributed contact is recommended for simulation of motion of a vehicle for a

triangulated surface (testing are&)9.4.7.3iFeature of driver test in case of 3Bsting area
(triangulated surface)

ol
1111

Figurel.47. Wheel running over a small poteawith the flexible distributed contact model
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Remark 1  The multipoint contact uses a stepwise discretization of road curve under the
wheel over the interval of two wheel radii. The step value can be varied by the
user.

Remark 2 In UM Automative, the special road deviatiorssequivalent tahe notion 'Road
test section profile'see Sectl.9.1.3.2 Creatingfiles with test sectiomprofiles. In
UM Monarail train modulewe use the 'Special track deviations' teseeChap-
ter 26 Sect.Special track deviationdile 26_um_monorail_train.pdf)

1.5.2. FIALA tire model
Assumptions and admissions

Rectangular contact patch

Normal contact pressure is constant within the patch
Tire is modeled by a beam on elastic foundation
Contact forces do not depend on camber

ENE ]

Contact parameters and variables

Parameter| Parameter of Description Source
contact model*
U - Slip angle Computation by simulation
) - Camber Computation by simulation
i - Longitudinal slip Computation by simulation
i =t an - Sideslip Computation bysimulation
Vi - Vertical ire deflection Computation by simulation
W r - Rate of verticalite deflection | Computation by simulation
r R Radius of unload wheel Tire description file (*.tr)
ko) Kz Tire vertical stiffness constan| Tire descriptiorfile (*.tr)
o Kx Tire longitudinal stiffness ao Tire description file (*.tr
stant
Q Ky Tire lateral stiffness constant | Tire description file (*.tr)
i BetaZ Damping ratio of critical Tire description file (*.tr)
Vertical dampingconstant.
o i Computed as Precomputation dire contact
Q ¢ @&7Q, wheremis |forces
the wheel mass, kg.
e0 MuO Static coefficient of friction Tire description file (*.tr)
el Mul Dynamic coefficient of friction| Tire description file (*.tr)
Cx Cx Longitudinal stiffness Tire description file (*.tr)
gy Cy Cornering stiffness Tire description file (*.tr)
@ Cgamma Coefficient at .the camb'er gng Tire description file (*.tr)
when calculating the aligning
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moment D
rt Rtorus Toroidal radius ofire Tire description file (*.tr)
* Designation in the Wizard dfre models,Sect.1.5.8 "Tire model wizard, p.1-64.

Vertical force (F,)

(1) Linear viscouslastic force
O OV Quy 8
(2) If the wheel detaches the supporting surfaeX 0) or the computed value is negative
F, <0, thevertical force is zero, /= 0.

Longitudinal force (Fy)

i O
34}
Caseld s i
O i w
Case2d s i°
l"O
O i "QQe ‘O —=
T3 W

Side force ()

: o O
)
Case 1.i i
o O i
P %o
O ‘Op Qi QQe
Case 2.1 i

0 "G 00

Self-aligning torque (M,)

Case 1.i i

0 ¢''a p QQI QW
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Case 2.1 i

Overturning moment (My)

1.5.3. Pacejka Magic Formula

V&
AY
+
D
¥a

S Arctan(BCD)

v . » X
; - ’ X

/ — Sh %o

Figurel1.48. Magic formula

The Magic Formula (MF) isHigure1.48):
M Ol @O O6 OE0S w0 DI W OOE “Yh
®w O Y

~

Hered @ can be longitudinal"Q), side {O) force or aligningorque(d ), and X is the lo-

gitudinal cree"O) or the sideslip"Q, 0 ).
According to[5] [6], the MF coefficients are functions of the vertical I6@@&nd the camber

angler .
1. Longitudinal force "O.
6 ®»h
O OO0 ®h
" P 5. T o ~
— Q h
0 O,Qwo ~ooO .
0O OO0 w0 wh
Y OO0 @ h
Y ®0 O 8

2. Side force.
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0O 00O & h
0O ®O Gh
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&

3. Aligning torque U .

6 h
0O ®O0 @ Oh
0O OO0 ®O0 w p wgsh
” p -, ~ ~ ~
0 6,OooO~ ooO~p oo~$?Q h
Y o w0 wh

Y 0 OO0 OO0 &8

Use ofthese formulasequires fitting the coefficients &5 Fro & fo&bd with the help
of test data. The default values of the coefficients in UM are obtained%jom

G e @D prpip prmNid TR TR B
™ o T T mighdy T mh  p B
o o T p& ¢

@ pHbd @ ppTE T @D ¢chp T8 Phd
minhp mohp ™ yYhp To T

® c8hd g @i pBMW K T
Mt T Wil st 8t
mpld mo o mrohp mothd o
Tt

Plots of the longitudinal and side forces as well as the aligomgiein dependence on the
corresponding slip by 1 for different values of the vertical load are shownrFigurel.50,
Figurel.51. The MF with the above values of the parameters was used for computation of the

forces.
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Figure1.49. Longitudinal force

Figurel.51 Aligning torque
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1.5.4. Tabular tire model

Tabular model of &ire requires experimental data on the longitudinal, side forces and alig
ing torque Figurel.52, [7].

30,000

i 41 5595 N
25000 4 —e— 26544 N
—— 85821 N

20,000 +

15,000

Side Force (N)

10,000

5,000 +

0 2 4 & 8 10 12
Slip Angle (deg)

Figurel.52. Tabular Side Force

Tablel.5

Tire Side Force Characteristics

Slip Angle (deg) Vertical Force (kN)
8,821 26,544 41,998

Lateral Force(kN)
1.00 1,587.8 3,716.2 4,199.3
2.00 2,822.8 7,166.9 7,979.6
4.00 4,763.5 12,475.6 15,119.2
8.00 6,792.4 17,519.0 23,098.8
12.00 8,027.4 19,377.1 25,618.7

The tabular model is implemented in UM with the following assumptions:
1 forces do not depend on camber;
7 force plots are antisymmetric functions of slips.

Let & wHO HQ p&) hQ ps&di are the tabular data. A smoothed model of the force is
obtained with two steps. First, a bajline approximatiort ¢iiO of the discrete function
9 wHO is developed for each value of the vertical foil@e This operation can be done with

the help of the curve editor (s&hapter3. Sect.Curve Edito). If necessary, additional points
should be added to the curve to improve the approximation accéigaye1.53.
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Finally, the second order Lagrange interpolation polynomials are used to compute a
smoothed value of the force for definite values of thewhnd the loadO

GO0 0 'O ahio B hyaio 8
An example of smoothed tabular model of a side force is shotigume1.54, Figure1.55.
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Figurel1.53. Polygon and smoothed curve
Fu. kN ' . !
1| e eatE s ALttt . ki O
1| RRITTEEES bennes Sy ---------- o AT T feeaoeee
1 e A T AR e frmmmnees
: : : : Fz. kM
0 10 20 30 40

Figure1.54. Smoothed model of the side force versus vertical load
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Fu. kN

Sy

Figurel.55. Smoothed model of the side force versus side slip

1.5.5. TMEasy tire model

The aim of TMEasy is to give useful tire forces from little information with model param
ters that have physical meani], page 67[9]).

Assumptions and admissions

1 Contact forceslo not depend on camber

1 TMEasy simulates the tire behavior in combined slip in combined slip situationsiby ge
eralizing the tire characteristics through a normalization process

1 Selfaligning torque Mis a function of lateral forceyF

Longitudinal force (Fy)

As shown inFigure1.56, a typical longitudinal force qas a function of longitudinal slip;s
can be described by the following parameters:
Initial inclination (longitudinal stiffnessY2 "O
Maximum longitudinal forceO
Longitudinal slip at maximum forde
Sliding force™O
Longitudinal slip at sliding force

= =4 4 —a -
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FX A
dhesi
[ F—— full sliding

................................................................

F32 | dF0

Figure1.56. Typicallongitudinalforce characteristics

Lateral force (Fy)

The parameters describing the lateral force are:
Initial inclination (cornering stiffnes{p "O
Maximum lateral forcéO

Lateral slip at maximum forde

Sliding force™O

Lateral slip at sliding force

= =4 -4 -4 A

A
Fy adhesion o
F¥W full sliding

S 0
FS | dFY

>

M y

S S
Sy

Sy

Figurel.57. Typical lateral force characteristics
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Combined slip

Figurel.58. Generalized tire characteristics

Thelongitudinal slip g and lateral slip,scan be generalized by vector addition as:

i i
— — (1.5)
' TETRTY
Normation factorg,
, i "OTQ0
H - p ,, Fp— ~
i i O7TQ™0 "O1QO
(H i "0 7Q0 (2.6)
i i "OTQ0 'OTQ0

The generalized tire parameters are then calculated with the corresponding valuesmf the lo
gitudinal and lateral tire parameters anmtmalization factors:

Q0 QOJHMAT+0 QOJHO B1

R
i ,—Al' -— El
! iHU © |I-UO
"O "O A0 "0 OB1 (1.7)
: ' R0 oBi
! o T,

"O "OATO "O0EBI
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where

Ai.0 2P o) 21V (18)

The function F = F(s) can be described in intervals by a broken rational function, a cubic
polynomial and a constanfF

wi QO i F] " — m O O
I’F p ” ” 'Q “06 C !
oi - (L9)
I’ O O O s 0 @, F] " # O O O
t "0 o0 O

By projecting thegeneralized force in longitudinal and lateral directions, the corresponding
forces can be obtained:

& TOAT-O & OBl (1.10)

Self-aligning torque (M,)
The selfaligning torque Mis then obtained by multiplying the resultant lateral forgdyr
the dynamic tire offset or pneumatic trail
0 £70h (1.11)

The dynamic offset is approximated as function of the lateral slipliog @nd a cubic pgt
nomial:

I ( | |
- =L —_— i i i (112
T i
Where:
- is adynamic tire offset which is normalized by the length of the contact area L
- is aninitial value of normalized dynamic tire offset
L is thelength of the contact area

i areadditional model parameteisslip values, where the noatized dynamic tire
offset passes thg & axis and reaches zero again.
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n/L
(n/L)g~adhesion
sliding
0 E S
\ Sy‘ Sy y
'MS = H*Fy
|
adhesion\ | sliding
el sk Sy

Figurel1.59. Typical plots of dynamic offset and seligning torque

List of tire parameters

The TMEasy model depends on 13 parameters for single value of verticiload

Q'¢i0,i HRO,i FQ"@o,i HO,i , - ,i ,i

The full model description includes numerical values of these parameters fdothieal
normal load'Q; as well for two times the normal logd%,

TMEasy example[9]

=0 +

Tyre model

(") Pacejka MF (@) TMEasy

() Fiala () Table

Linear Z force

General |F2_n0rm | 2*F2_n0rm| Fz_norm |Genera|| Fz_norm| 2%Fz_norm L

Value Value Value

R (m) 0.28 dFx (N) 82200 dFx (N) 236200

Kz (N/m) 788112 FMx (N) 3570 FMx (N) 6570

Kx (N/m) 600000 sMx 0.16 sMx 0.1

Ky (N/m) 600000 FSx (N) 3290 FSx (N) 6100

BetaZ 0.3 s5x 0.7 55X 0.5

L (m) 0.2 dFy (N) 53700 dFy (N) 95000

Ly (m) 0.2 FMy (N) 3320 FMy (N) 6080

Fz_norm (N) 3000 sy 0.1597 sMy 0.196
FSy (N) 3260 FSy (N) 5830
ssy 0.251 sSy 0.349
(n/LJo  0.17 (n/L)0  0.25
sy0 0.19 sy0 0.18
syE 0.4 syE 0.35

Figure 1.60. TMEasy in wizard otire parameters

File with tire parameters:
tmeasy.tr

runloaded=0.28;
cstiffz=788112;
cstiffx=600000;
cstiffy=600000;
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dampingratioz=0.3;
relaxationx=0.2;
relaxationy=0.2;
linearzforce=true;

with tire_t measy;
fx1_Fz=3000;
fx1_dF=82200;
fx1_FM=3570;
fx1_sM=0.160;
fx1_FS=3290;
fx1 sS=0.700;

fx2_Fz=6000;
fx2_dF=236200;
fx2_FM=6570;
fx2_sM=0.100;
fx2_FS=6100;
fx2_sS=0.500;

fyl_Fz=3000;
fy1l_dF=53700;
fyl_FM=3320;
fyl_sM=0.197;
fyl FS=3260;
fyl_sS=0.291;

fy2_Fz=6000;
fy2_dF=95000;
fy2_FM=6080;
fy2_sM=0.196;
fy2_FS=5830;
fy2_sS=0.349;

mzl1l nL=0.17;
mzl_s0=0.190;
mz1_sE=0.400;

mz2_nL=0.25;
mz2_s0=0.180;
mz2_sE=0.350;

1.5.6. Combined slip

The combined slip optiom computation of tire forces used if both longitudinalip and
sideslip are not small

Let Ube the slip angle ars} be thelateral slip. The longitudinal and side forces are campu
ed according to the formul§0]

0 —-o0 ,fHfO —0O , 8

Here 'O HO are the dependences of the longitudinal and side forces on slips described
above
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The combined slip option is available on tRead vehiclg Tires tab of the simulatiom#
spectoy Figurel.61. It is recommended to check the option for tests widiking processes

Transmission | Resistance scanning
Units__|  Tires | Options and Parameters | Tools Identification | Tests
Combined siip
—
[ | simulate transient process in tyres
Contact model
(@ single point () Multipoint

Set of tire models

+ 1. C:\Users\Public\Documents\UM Software Lab\Universal Mechanism\7\Tire\fiala.tr
]
Wheel Model Stat.load Deflection Axle group

vaz21l_09.Car.Tyre FL fiala 3.43kN 27.4mm  Common
vaz21_09.Car.Tyre FR fiala 3.41kN 27.2mm Common
vaz21_09.Car.Tyre RL fiala 2.82kN 22.6mm  Common
vaz21_09.Car.Tyre RR fial 2.79kN 22.3mm Common

Figurel.61. Combined slip option
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1.5.7. Transient processes in tire

A simplified model of transient processedine were proposed if20]. The transient process
affects the sideslip. 0 "Qand lateral slid . The following first order differential equations
specify the slip values

5
L QO

whereb ) h arethe longitudinal and lateral velocities as well as the angular velocity of the
wheel Ris the wheel rolling radiys) i) are the so calletire relaxation length in the longit

dinal and lateral directions

' Solver | Identifiers | Initial conditions | Object variables | XA | Information | Road vehicle | Tools

~22-RR™
Transmission | Resistance Scanning
Units Tires | Options and Parameters | Tools Identification | Tests

Combined slip

Simulate transient process in tyres I
ontact model

@) single point (©) Multipoint

Set of tire models
+ 1. C:\Users\Public\Documents\UM Software Lab\Universal Mechanism\7\Tire\fiala.tr
]

Wheel Model Stat. load Deflection Axle group

vaz21_09.Car.Tyre FL fiala 3.43kN 27.4mm Common
vaz21_09.Car.Tyre FR fiala 3.41kN 27.2mm Common
vaz21_09.Car.Tyre RL fiala 2.82kN 22.6mm Common
vaz21_09.Car.Tyre RR fiala 2.79kN 22.3mm Common

Figure1.62. Option for transient processedie

Check theSimulate transient process irtire option in the inspector to activate the transient
model| Figurel.62.
The main effect of the transient process consists in a delaydi values in comparison

with the— and

values The delay depends on lengths of relaxatia®s on the time ao

stants — and—, Figure 1.63. The relaxation lengths are specified in meters intitleewizard

Figurel.64.



Universal mechanisrh0 1-63 Chapterl2. Simulation of road vehicles

2.6

Figure1.63. Comparison of and0y 70 in a pulse steer test

Wizard of tire model parameters E@
Variables - - . - = A8 | i}

[VIIlFx (N); [Fz=3.... \ Tyre model

VIlFy (N); [Fz=3.... : : 5 5 (C)PacefkaMF  (0) Table

Q) Fiala

["] Linear force vs. camber
Linear Z force

Value
R(m) 0
: : ; : Kz (N/m) 0
i i i | Kx (N/m) 0
D.;Z u.;4 Ky (N/m) 0
: : BetaZ D
Lx (m) 0.2
Ly (m) 0.2
Mu0 0.9
Mul 0.7
Cx 110000
Cy 120000
Cg 0
Rtorus  0.13208

0.4958 -2902

Figurel.64. Settingtire relaxation lengths
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1.5.8. Tire model wizard

Tire models are developed and analyzed with the helpVilard of tire models Fig-
urel.65. Use theTools | Wizard of tire mo d e Imer command to opehe window. This
tool is used to set parameters dfra and to save them in a *.tr file, which can be later used in
simulations.

The wizard allows visualizing the models as well.

@y Wizard of tyre model parameters ol x|
Wariahles | : T : = |HO o
ElFx (M) [Fz=35 k.. : : Tyre model
EMlFy (M) [Fe=35k. & PacsjkaMF ¢ Tahle
" Fiala
General Fx |Fy | bz I
b [165 | il
b1 |-21.3
] | be |1144
o4 ! 0.4 b3 |49.6
b4 226
b5 |0.0B9
hE |-0.008
by |0.056
b8 |0.486
. . kb3 |0
ozboooooccooo A0z 010 0
[0.918 0.3302 | | [Ranges are not Lsed b11 10 I
rDraw————~Varishle parameter. Linear coefficients
Mk CRFy | o e 3t v7 | Ox-108853
MRy T bz = | Syh5eel
Mz T FyMe Camber (degrees) 0.0 fl Cgamma=-1261

Figurel1.65. Wizard oftire models

Sequence of model development

Select a desired model in tiige model group or open an existing file by t button.
Settire model parameters in the right part of the window.

Verify correctness of data Ipjotting the dependences of forces on slips.

Save parameters to a fitdr by theld button.

= =4 -4 A

Drawing plots

To draw plots:
1 Select desired plots in ti@raw group.
1 Set values of the vertical load and the camber i'vVtiréable parameters group. Note that
both Fiala andTable models do not depend on the camber.
§  Click the & button to draw plots.

Note. Tabulartire model files are currently created using an external text editor. The
wizard is used to visualize the data only.
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1.5.9. Assignment of tire models to wheels

Use theRoad vehicle | Tres tab of theObject simulation inspectorto assign dire model
to wheels.

g L= i ) . .
1 Use thelE to add/delete a file with thire model to/from the list.

1 Call the popup menu to assign a model from the list to the seledteel or to all of the
wheels.

These settings are saved in the vehicle configuratiof.&iée by clicking theld button.

Object simulation inspector

Solver Identifiers Initial conditions
Object variables XVA Information Road vehicle Tools
=-@A - ‘ b
Identification Tests Transmission Resistance Scanning
Units Tires Options and parameters Tools Testing area

Combined slip

[ simulate transient process in tyres

Contact model

(O Single point (® Multipoint
Set of tire models

1. d:\ume0_wark\bin\car\tire\fiala.tr
+ 2. C:\Users\Public\Documents\UM Software Lab\Universal Mechanism\2023\ Tire\fiala lo
]
@ < >

Wheel Maodel Stat. load Deflection Axle group
vaz2109 t.Car.Tyre FL | 3.63kN  29.1mm  Common
waz2109 t.Car. Tyre FR fiala low damping 3.57kN 28.5mm Common

waz2109 t.Car. Tyre RL fiala low damping 3.13kN 25.1mm Common
waz2109 t.Car. Tyre RR fiala low damping 2.75kN 22.0mm Common
Assign to all » fialatr
fialatr (Wheel) fiala low damping.tr

fiala low damping.tr (Wheel)

Integration Message Close

Figure1.66. Assignment of te models
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1.5.10. Visualization of tire forces

Vertical, lateral and longitudinal contact forces between the wheel and the road can be di
played in the animation window. To hide/show contact forces,Rigar€1.67)
A themew animation window: commagthow vectors of tire/roadinteraction

A for the ol d ani @anahewinddwmﬂ.ow: the butto
Force vector animation parameters are describ@diin
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Animation of tireroad forces® .

[E] Animation window E

L]

Vectors | Trajectories

.r:v(FrontSuspensiun.LDGI Car Body) - Coordinates of point (0,0,0) of body FrontSuspen...
fr1 WeatfL - Al farrace far CarRndv v

. o :
@ - SPhGe-o @ e wlD
Coordinate system
Grid b
Rotation style b
Modes of images b
Cameras b
Look at...
Position of vector list b

Clear list of vectors

VY= Y H-H—
Show vectars for tyre/road interaction

Background color...

Grid parameters...

Show shadows

Show fog

MonoxeHe CNCKa packpacky b

BHIBPATh Y31kl NO PELLEHUHD. ..

.ﬁ.HHMEIlI.HDHHDE OKHOD !E

ERT AR R @’i|.¢|g.,,’?|f

Figurel.67. Tire forces
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1.5.11. Generation of approximate FIALA tire model according to rated
parameters

=

Object simulation inspector

Solver Identifiers Initial conditions
Object variables XVA Information Road vehicle Tools
=~ A - | B
Identification Tests Transmission Resistance Scanning
Units Tires Options and parameters Tools Testing area

Combined slip
[ simulate transient process in tyres

[JFlexible force between tyre and wheel center
Contact model
(® Single point O Mulkipoint

Set of tire models

+ 1. C:\Users\Public\Documents\UM Software Lab\Universal Mechanism\@\ Tire\ladadx4.tr
@
@ < >
Wheel Model Stat. load Deflection Axle group
lada4x4.FrontSuspension. Tyre Left ladadx4 4,13kN 5.4mm Common
lada4x4.FrontSuspension. Tyre Right ladadxd 4,13kN 5.4mm Common
lada4x4.RearSuspension. Tyre Left ladadxd 3.94kN 4.,9mm Common
lada4x4.RearSuspension. Tyre Right ladadxd 3.93kN 4.,9mm Common
"L simplified estimation of tire parameters E\@
Basic parameters Computed parameters
Parameter Value Parameter Value
Undeformed radius 0.3 Vertical damping dz (Ns/m) 1532
Rated load W0 (kM) 3 Length of contact Lt (m) 0.173
Rated pressure p0 (bar) 2.2 Longitudinal stiffness Cx (M) 50063
Tyre width 0.195 Cornering stiffness Cy (M) 27502
Vertical damping ratio 0.35 Longitudinal static stiffness Kx (MN/m) 210462
Tangential stiffness (kN/m"2) 3930 Lateral static stiffnass Ky (N/m) 84185
Cornering coefficient ly 0.16
Static stiffnass ratio keoy=Ix/Ky 2.5 Save as FIALA model..
Save as FIALA model and append to list..

Figurel.68. Calculation of estimated parameters of tires and saving in a file

Often the valuesf a tire parameters included in the models described above are unknown. In
this case, approximate estimates of these parameters may be useful, allowing a simple model
be built, such as Fiala, Seitt5.2AFIALA tire moded .

The following tire parameters are used for the calculation:

i is the tire radiusn undeformed state

0 is the tire section width

w is the rated tire logd
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I~ 1@ vis the vertical damping ratio for the tirdre parameter is used for evaluation
of the tire damping constat in the model of the vertical force

Qis thetangential tire stiffneskPa the default value i8930kPg

_ N @i yis the cornering coefficient for evaluation of tite side stiffnesso ;

ko) 0 J U isthe ratio of the static stiffness constants of theg(lirggitudinal to lateral

To open the window focalculation oftire parameters, use the but!® on theRoad vehi-
cle | Tirestab of the simulation inspectdfigure1.68. The tire parameters are entered in the left
part of thewindow, the calculated valuese displayed in the right part. To save the patara
to a file as a Fiala *.tr model, the pop menucommands are usedat appear on a rigidick.
In addition to creating a file, a model can be added to the model list for assignment to wheels o
the current vehicle.

1.5.11.1. Approximate vertical stiffness and damping

According to[11], the vertical tire spring constant with less than 20% error tolerance can be
computed as

O R UCY 8

The damping constant is evaluated according to the damping ratio parameter

Q ¢ UL a
Hered is mass of wheel.

1.5.11.2. Approximate cornering stiffness

~

According to J.Wong?2], the cornering coefficient N T Yis equal to the ratio of the
lateral force to the tire loaat 1 degree of sleep angh® the cornering stiffness is

TT
5 o PYd

A table of cornering coefficient values for different tires is present¢d]irA typical value
for bias tires is 0.12, for radial tires 0.16.

1.5.11.3. Approximate longitudinal stiffness
Expression for evaluation of the longitudinal tire stiffnéssis proposed in the repdi2]
“ cC .
0 T AW
5 A
wheregd p YO islength of tire contact patch,

)

L Y TV
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1.5.11.4. Longitudinal and lateral static stiffness

These parameters are necessary for modeling a standing . thee coefficient of lonig
tudinal static stiffness is calculated through the value oftineering stiffness
0
T
Typically, thelongitudinal static stiffness of a tire is several times greater than the lateral
stiffness, so that

0 Qo 8

The recommended value™® c®8
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1.6. Resistance to vehicle motion

1.6.1. Aerodynamic forces

Figure1.69. Positive angle of relative wind speed direction

Aerodynamic forces depend on the air velocity relative to the vehictn the air density,
on aerodynamic coefficient®n the car areaand the angle of wind relative to the dar
(Figurel.69) and some other parametefgerodynamic coefficients and car area depend on the
force or moment component

Figurel.70. Positive directios of aerodynamic forces and moments
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Consider formulas, which are used in UM for computation of force and moment components
relative to thecoordinate system connected with the car b&ugitive directions of the corop
nents for b Figuwel&r e shown in

1 Drag force

Y 671 06 -mh
q

0 (6 ) is the drag coefficiend is the frontal area, i.e. the area of tlehigle projection a
a planewhich isperpendicular to the vehicle longitudinal axis
1 Side force

Y 61 0 =-wh
C

0 is the coefficient of side for¢c@ is the si@ area, i.e. the area of the vehicle projection on
a plane, which is perpendicular to the vehicle lateral axis.
9 Lift force

Y 68 -6
C

0 is the aerodynamic lift coefficient
1 Rolling moment

6 6 100 -0
C

is the track width.
Pitching moment

= C:

6 6 100 -0
C

is the wheel base

= C:

Yawing moment
0 0 1 00 —-w
C

The following simplified dependencies of the aerodynamic coefficient omthey | e b
used
6 mi QB T 6 mi Qbf

0 f O mMmwé& i |
o i QB 1 6 Ti Q&

I 0

Some typical values of coefficients are writteMablel.6.

Tablel.6
Typical values of aerodynamic coefficients
Coefficient Passengerar Van Truck
O m 0.3-04 0.5-0.6 0.6-1.2
01 1.8-2.8 3.0-4.0 4.0-7.0
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0 ™ 0.3:-0.8 0.04-11 0.1-1.0

6 ™ 0.8-1.2 2.0-3.6 09-11

According to Wond?2], the coefficient of the lift forc& is 0.2- 0.5, and the coefficient of
the pitching momend 1 is0.05 0.21.

The drag coefficiend and the frontal area for many cars can be found in internste
http://rc.opelgt.org/indexcw.php

Object simulation inspector

Solver | Identifiers | Initial conditions | Object variables

XVA | mformaton | Roadvehide |  Took
RS-

Units | Tires | Options and Parameters |  Tools
Identfication | Tests | Transmission | Resistance | Scanning
Aerodynamical | Roling resistance
Numeric parameters
Name Value
Wind speed (m/s) 0
wind angle (deg) 0
Front area (m~2) 1.88
Side area (m~2) 49
Cx: Drag force 0.46
Cy: Side force 2
Cz: Lift force 0
Cax: Roling moment 1
Cay: Pitching moment 0
Caz: Yawing moment -0.5
Air density (kg/m~3) 1.2

Figurel.71 Parameters of aerodynamic forces

In UM Simulation program, the paraners of aerodynamic forces are set onRload veh-
cle| Resistancg Aerodynamical tab of the simulation inspectdfigurel.71. The wind speed is
specified relative to Base0. The wind angle is computed relative to the X axis, its paséive d
tion is determined similar tigure1.69.


http://rc.opelgt.org/indexcw.php
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1.6.2. Tire rolling resistance

The rolling resistance is considered as a toffue "O 'Yapplied to the wheelnddirected
opposite to the wheel rolR is the rolling radius of the tire. Accargy to Wong[2], the e-
sistance force is

0 0l
wheref is the coefficient of friction, anéll is the tire normal force. The coefficient of friction
depends on the vehicle speedds
Q Q QL QU
Herev is the speed in km/h, ar@hQRQ are empirical constants, which values are set by the
SetRollingFriction method. Typical values of the coefficients can be foujaj,iseeTablel.7

Tablel.7
Parameters of rolling friction
Tire fo ky ko

radialply 0.0136 0 0.4e7
passenger car tire

biasply passenger ca 0.0169 0 0.19e6

tire

radialply truck 0.006 0 0.23e6

tire

biasply truck tire 0.007 0 0.45e6

Object simulation inspector

Solver | Identifiers | Initial conditions | Object variables | XVA
Information | Road vehicle | Tools
= - A v| B
Units | Tires | Options and Parameters | Tools | Identification
Tests |  Transmisson | Resistance . Scanning

Aerodynamical| Roling resistance

Numeric parameters

Mame Value
fo 0.0136
K1 0

K2 4E-8

Figurel.72. Parameters of rolling resistance

The rolling resistance parameters are set inRbad vehicle| Resistance| Rolling re-
sistancetab of the simulation inspectdfigurel.72.
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1.7. Development of vehicle model

In this section we consider approaches to modeling of main elementhicfe: wheels,
springs, shock absorbers, leaf springs etc.

1.7.1. Model of awheel

Starting with version UM 7, the program provides two wheel models, with rigid and elastic
mounting of the tire to the disk center. Below we will call the first option "ngieel”, and the
second "elastic wheel"

1.7.1.1. Rigid wheel

A rigid wheel in the UM model of a vehicle is a usual body with assigned image and inertia
parameterskigure1.73. The following special features distinguish the wheel from other bodies
in the model.

1 Center of mass is located at the origin of the wAigetl system of coordinates (SC).

1 Wheel rotation axX coincides with the “xis of the wheefixed SC.

1 A special force element dfire type should be created for each of the wheel. Body, which
corresponds to the tire, must be assigned aseibend bodyn description of the force &l
ment. As a rule, thirst bodyin the force element is BaseO.

1 The wheel should be connected to the vehicle by a rotational jeénément of joint co-
ordinates must correspond to the motion of the vehicle ahead

You can use the visual compoodelmt &6&Wheel 6

Figurel.73. Model of a wheel as a rigid body
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1.7.1.2. Elastic wheel

Figurel.74. Elastic wheel

An elastic wheel is formed by two rigid bodies corresponding to a tire and a rim connected to
each other by an elastic elemérigurel.74. The tire must have atdst three degrees of &e
dom relative to the rim: shifts in the vertical and longitudinal directions and rotation relative to
the wheel axis. It is also possible to introduce a tire shift relative to the center along the whee
axis.
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[

Name: [jRim FL_Tire FL | + @ -
Bodyl: Body2:
[Rim FL v|[Tre L -

Type: %% Generalized ~

Tvx Tvy Tvz Ry

Enabled + +£ fii
ET type:| » rv (rotational d.o.f) ~
Comments/ Text attribute C
Transformation vector
axis ¥ : (0,1,0) ~
ex: |D “|
ey: |1 “|
ez |D “|

Coordinate Force/Torgue

1, Linear ~

T=TO-c*(x- x0) -d* v + Q*sin(w*t+a)

Morment (T0) o £]
Stiffness coef. (c): [Ic_ay_tire £]
Coordinate (x0): o £
Damping coef. (d): [clay_tire £]
Amplitude (Q): |D C|
Frequency (w): |D C|
Initial phase (a): |0 C|

Figurel.75. Joint for elastic wheel

To introduce the degrees of freedom of the tire, it is recommended to use a generalized typ
hinge, fig. 12.79. The elastic stiffness constantl) ) are specified in the tire model, Sect.
1.5.2AFIALAtremodeb, and the corresponding fornues a
lation program. An angular elastic connection can be described as a joint force for &ie corr
sponding degree of freedoFigurel.75.

A special power force of the "Tire" type should be assigned to the corresponding body. The
tire image is assigned to the rim body.

Before simulation of the car, you must confirm the use of the elastic whe&l modhe
Road Vehicle | Tiretab of the simulation inspectdfigurel.76.
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Object simulation inspector

Solver Identifiers Initial conditions
Object variables XVA Information Road vehicle Tools
= - A - | L@
Identification Tests Transmission Resistance Scanning
Units Tires Options and parameters Tools Testing area

Combined slip

[ simulate transient process in tyres

I Flexible force between tyre and wheel center I
Contact model
(O Single point ® Multipoint
Set of tire models

Figurel.76. Confirmation of the tire elastic model

The vertical stiffness in contact between the tire and the road is assumed to Ineeten ti
greater than the verical tire stiffness
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1.7.2. Visual wheel components

UMCompenent [Cafiesis |
& 00

Figurel.77. Wheel components

The CarComponents.umclibrary contains two visual components of wheélgjurel.77.
Both of them add to the modefkight wheel with a fully parameterized imagédurel1.73), in-
ertia parameters, a spectak force element, and a joint. The difference consists in the joint
model. The first componen6(Ri g h t, lefivih Eigule173) adds a hidden joint with 6ed
grees of freedom, and user must create an additional rotational joint to connect the wheel and tt
vehicle. In contrary, the second componeniRg ht w h e eright inFigdreli73) alldws
the user to create the rotational joint simultaneously.

Let us consider the process of visual agdimee components.

Vector
~origin
RSy

~——

Figurel.78. Visual adding of wheel and joint

Right wheel Click the component button and then click on the desired grid point to add the
wheelat the selected grid position. Change wheel image and inertia identifiers, if necessary, a
sign a separate sheet for these identifiers.
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= Initialization of values X|
Identifier Yalue Cornment =
wheel_cap_phi2 45 -
wheel_cap_phil 5

wheel_cap_rfactor  |0.96

wheel_radius 028 Name of a new sheet fo
wheel_tireheight  |0.12 identifiers

wheel_tirewidth 017424

wheel_tirecurving 0.04

wheel_tirerim_wicth |0.1515888 ;l
Adld to the sheet: |whee| 3

Figurel.79. Standard wheel image and inaitentifiers

Right wheel + Joint

1. A vector corresponding to the joint point and joint vector must be created for the body,
which the wheel is connected to (e.g. the strut). Moreover, this body must be in the object
tree, i.e. it must be visible in the falbject mode of the animation windowigure1.78).

2. Click the component button and then click on the origin of the vector.

3. Change identifiers corresponding to wheel inertia parameters and image.

=

ivheelRight! | [jwheelRighiz | «|»
Name [wheelRightt | % B% 4% g
Strut_R; | [wheelRighte — ~|
| | |Potational j G0 (none) j
pheelPightl |[wheeRightz | « | »| Geomety | Description | Jointforce |
Name [WheelRightz | % B T3 | [dointpoint
— Strut_R
Strut_Rt | [wheelRightz =] | ne )
. - Change sign
Rotational j G0 (nane) j ‘WheelRight2 . . .
if rotation is

—Configuration
Fuotation n.oool Click to

Translation |0.000{ INCrease the
—Joint coordinate—— COOfdlrlate

" Prescribed function of time WheelRights axisv:(01.0)
Value [5.000000000000 [ B T 7

Figurel1.80. Verification of wheel rotational joint

—Jointwvectors—|

]
Geometry Description |J0intf0rce| negative ﬂ

Strut_ R ser

P’ 'f "7 '

Remark. If increase of the joint coordinate corresponds to the negative rotation of the
wheel, one of the joint vectors should be changed to the opposite one directly in
the description of the joint after it creatidiigure1.80.
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1.7.3. Suspension springs and shock absorbers

Linear suspension springs can be modeled by gbeeralized linear force elements
(Chapter) if a stiffness matrix describes their stiffness properties.

. =

&

\

Figurel.81 Suspension force elements

Both linear and nonlinear bipolar springs and shock absorbers can be modd&ipdlay
forceelementgChapter2).

Sometimes two bodies connected with a translational joint present the shock absorber. Fo
example, in the case of the MacPherson strut these bodies are the tube and the rod. The joi
forcedescribes properties of the shock absorber as a force element.
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1.7.4. Leaf springs

Figurel.82. Leaf springs

A massless leaf spring model is the combination of a generalized linear force element and :
one (central) or two (at the spring ends) bipolar eleméritsa n ¢ h e r .| Theastiffnessp r i
matrix of the linear force element has at least five-reno diagoal elements, sekigurel.83,
representing the lateral, longitudinal, pitch, roll and yaw stiffness properties of the spring. The
Fancher models proved to be efficient in modeling the vertical hysteresis characteristic of the
leaf spring.

O m nT Tnm O mnm m
O LT L S S L
T T T T T Tg
M T T O T T g
m 1 m 1T O T
om m nm nm T 060 O

Figure1.83. Stiffness matrix for generalized lindarce element

Fancher bipolar
force elements

~
~

Generalized | < ___--- -
linear force
element

Figurel1.84. Model of a massless leaf spring

Remark. The user should remember that bipolar force elements degenerate by zero length.
It is recommended that the lehgtof theFancher elements the model of the
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leaf spring must be at least two times greater than the maximal dynamiashorte
ing the element.

1.7.5. Air springs

The air spring are modelled with the helgpecial force ofAirspring type (Chapter2,
Sect.Special forcesAir springg or Pneumatic subsysten{Chapter 3L

1.7.6. Bushings

UM supports both linear and nonlinear bushingse ifathematical model of bushings & d
scribed inChapter2, Sect.Special forces/Bushinggput of the element parameters se€lnap-
ter 3, Sect.Data Input / Input oforce elements / Special forces / Bushings

Use the joints of generalized type to describe both nonlinear bushings and bushings-with fri
tion. The joint should include all six d.o.f., the stiffness and damping for locked degrees- of fre
dom can be described as joint forces. The mathematical mogEhts is described iCha-
ter2, Sect.Joints/Generalized jointinput of the joint parameters seeQmapter 3 Sect.Data
Input / Input of joints/ Input of joint @feneralized type

1.7.7. Steer control

"'

Steering wheel
joint

Figurel.85. Steering wheel joint

To make possible an opamdclosed loop steer control, the model of a vehicle needs-a sp
cial joint torque. The torque is introduced in the steering wheel joint, which is a rotational joint
connecting the steering column with the car bdétdgure1.85.
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Coordinate Force/Torgus |

Tywpe IExpressiDn j
Description of force
Fascal/C exprassion: F=Flixwi)

Example:
—cetiff{x-x0)-cdiss*w+amplsin{om™)

F= I-u:Steering*(x—SteeringWheelAng "

Figurel.86. Steering control torque

The model of the steering control torque is described as a joint torgleBtpressiortype
by the following equatiorfigure1.86:

-cSteering*(xSteeringWheelAngle)Steering*(vdSteeringWheelAngle)

HerecSteeringanddSteeringare the stiffness and damping constants of the steering control,
SteeringWheelAngland dSeeringWheelAnglare the desired values of the steer wheel angle
and its rate obtained from the control strategy during the simulation process. The useranay intr
duce they own identifiers for these four parameters.

Note. Identifiers for the stiffness, stewheel angle and its rate cannot be expressions,
I.e. they cannot be expressed through other identifiers.

1.7.8. Force element for simplified control of the speed of the longitu-
dinal movement

Geumetryl Description  Jointforce |

Jointtorgue
IExpressiDn j

4 ; Description of force
. Fascal/C expression: F=Fixwf)
Wheel join Example:
-cstifffe-x-cdiss*y+amplsin(om®t)
F= IMLDngitudinaICDntrDl P

Figurel.87. Joint torque for longitudinal velocity control

In a simplified car model, the description of the transmission is usually abbetitis case,
in order to be able to control the speed of the longitudinal movement of the car, it is necessary t
add a special tractiotorqueto the modelln the simplest case the torque is introduced in the
driving-wheel joint, which is a rotationgbint connecting thedriving wheelwith the vehicle,
Figurel.87. The model of the control torque is described as a joint torque &xjressiortype
by thesame identifier for all of the driving wheelsgurel.87:
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MLongitudinalControl

This is the default nam&he user may introduce another naméhefidentifier.

The identifier must be assigned to the simplified longitudinal control identification inasimul
tion program, see Sed.9.1.2.1fldentification of parameters faimplified longitudinal speed
controlo.

1.7.9. Locking wheel rotation

Some simulation results are obtained for a motionless vehicle, for examipiele equilibi-
um test For this purpose we recommend to introduce a locking joint torques for some wheels.
Often the rear wheels are chosen for locking. The following linear etdisspative model of
the torques could be used

MlongitudinalControtcLocking*xdLocking*v,

with cLockingand dLockingthe a stiffness and damping constant. In this example the torque
locking the wheel rotation is parallel to the traction joint torque from the previous sd€itien,
urel.88.

F]

B g oF e T

Carmber adjustment | Strut slope adjustment
o . ‘ertical loading | Steering
Geametryl Description Jaintforce | Whale list | Toe adiustment
Jointtorcue - MName |Expressinn |Value -
IExpressmn j steeringwhee 0
Description of force rrlongitucing 0
Pascal/C expression: F=Flxwi) cLocking
Example: heta_locking 0.3
-catifffex0)-cdiss*w+amplsin(om™) diocking | 2*beta_locking*sqri134.164 |
F= ||alContru:uI-CLDckingﬂ-dIDcking‘“\f s o | LlL

Figure1.88. Locking joint torque (left); damping constant as an identéigoression

To get a reasonable damping constant for a definite stiffness value, a new identifier for the
damping ratio of critical should be introduced. Let itdea_locking Then thedLockingshould
be computed according to the expresskigure1.88)

dLocking=2*beta_locking*sqgrt(clocking*IWheelY),

wherelwheelYis the moment of inertia of the wheel relative to the wheel axis.
The recommended values theindependent identifiers are

cLocking = 1.0 10° Nm/rad, beta_locking=0.3
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1.8. Transmission

The UM Driveline module is required. Use thdelp | About menu command to verify
whether this module is available in the current un configurattogurel.89. Usually acar
transmissions modeled by a set of rigid bodies with one rotational d.o.f. connected by special
force elementsA detailed description of these force elements can be foutieinser's manual

Chapter22.
About... ﬁ
Universal Mechanism
Simulation program
Version 8.0.5.1 64bit

All rights reserved (c), 1993-2016
Computational Mechanics Ltd.

Configuration
UM Loco/Multipoint Contact Model ............ (+) -
UM Loco/CONTACT add-on interface .....eocon.. (+)
UM Ball/Mheel WeAT . uueeweeeocaeeenenanananemenss (+)
TIM TIEITE = w e m e mmmn o memsmnmsnesssemennsnessesenee (+)
UM TEAIN 3D c i e nvveneceoennsnnasacenennsnnssemenes (+)
UM Flexible WheelSet .o v.eeeeeeeeneasnanamensn (-) =
L0 0 e N (—)
| = T (+) §
MR e rrmmen g e e (+)
UM Experiments/Cluster .....e.oeeeemeanncnnnns (+)
UM Control .. ... ucececececacacacacacacacacanan (+) ol
TTM Mantral fMats]akl Trrmors i+

Figure1.89. UM Driveline module in the current configuration

As arule, a transmission model in UM includes the following elements

9 internal combustion engine (ICE)
clutch (mechanical gearbdx
torque convertefautomatic gearbgx
gearbox
differential,
braking system

1 ABS.

Most of these items must be described in the Input module as force elements by developin
the car mode{cutch,torque converter, gearbox, differential and sh Barameters of ICE, ABS
and braking system are specified in the Simulation module on tabs of the simulation inspector
Figure1.90.

= =4 4 —a -
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| Solver | Identifiers | Tnitial conditions | Object variables | XVA | Information | Road vehicke | Tooks

=~ B8 - | %
| Units | Tires | Options and Parameters | Tools Identification | Tests
Transmission | Resistance Scanning

|ICE | Gearbox | Braking ABS | Clutch | Driver | Initial conditions

ABS type
(Z) None (@ slip control
Type of control
(@ Al wheels () Front whee! -rear axle
@) Acial () Separate wheels
Numeric parameters
Name Value
Desired slip (%) 20
Hydraulic lag (ms) 150
Pressure fall off (%) 100
Minimal speed (km/h) 3
Integration " Message " Close

Figure1.90. Tabs related to car transmission
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1.8.1. Description of transmission elements in Input module
Here we consider how elements of transmission are modeled in Input module

1.8.1.1. Internal combustion engine

Name: ICE f ﬁ ﬁ? F=
Comments/Text attribute C
ice
__Oriented points | Vectors | 3D Contact
Parameters | Position | Points |
1
Coordinates (PP): | Wheel (3,1,2) v
Go to element [
i
Image: Visible ' [
[ICE rotor '] ~ Name: JICE rotor R
[] compute automaticaly ' Body1: Body2:
Inertia parameters Car body fix ﬂ ICE ﬂ
Mass: | E
Type: lc% Rotational vl
Tnertia tensor:
i icerotor ' £ £ |Geometry| Descr]ption| Joint force |—
£ £ = EXpression ']
£ Description of force
Pascal/C expression: F=F(x,v.t)
Added mass matrix: (none) J Example:
-Cstiff* (x-x0)-cdiss*v+ampl*sin(om*t)
Coordinates of center of mass i g
[= [= [= F= fice_torque

Figurel.91. Example of an ICE shaft as a rigid body and a corresponding rotational joint

The following elements are necessangure1.91.

1 A body modeling the crankshaf¥loment of inertia relative to the rotational axis must
take into account all moving parts of the |Gme body is marked by the text attribute C
"ice", Figure1.91, left.

1 A rotational joint assigned to the shaft describes a joint force oExipeessiontype,
which parameterizes the engine torque acting on the shaftrdcommended to use the
standard identifieice_torquefor parameterization of the torqueigure1.91, right.
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1.8.1.2. Friction clutch

b=

=4
- - e
MName: Clutch is] (_? L Name: jclutch f 42_}, =
Comments/Text attribute C
E Body1: Body?2:
clutc
Car body fix ﬂ Clutch ﬂ
| QOriented points | Vectors | 3D Contact Type: [ £ Rotational v]
Parameters | Position | Points
_ Geometry | Description |J0'|nt force|
Coordinates (PP): ’Wheel (3,1,2) VI ) ,
Joint points
Go to element g Car body fix T&
Image: Visihle 0.1 - - :
’CIutch rotor VI Clutch Ty
C [ C

[] Compute automatically

Inertia parameters
Joint vectors
Mass:

Inertia tensor: Car body fix [ax‘ts X:(1,0,0) ']
: : : :

i_clutchrotor © C C 1 0 0
: © 1| cutch axis X : (1,0,0) -
C 1 g "o -

Figurel.92. Example of a clutch plate as a rigid body and a corresponding rotational joint

A simplified model ofa friction clutch inalides one body (the second clutch plate) wih a

signed rotational joint, and one frictional force element between the crankshaft and the secont

clutch plate The following elements should be createmjure1.92, .
1 The bodycorresponding to thelutch plate must be markedy lithe text attributed
“clutch" Figurel1.92.

91 A rotational joint assigned to the plate introduces the plate rotation relative to the car

body. It is not recommended to define the plate rotation relative to the crankshaft



Universal mechanisrhO 1-90 Chapterl2. Simulation of road vehicles
[
ey

MName: Clutch
Comments/Text attribute C

clutch_coupling

Body1: Body2:
ICE = | Clutch |

[] Aautodetection

Description

[m List of forces VI

sbFrcl

Name: sbFrcl

—_

I

=
// |

Figurel.93. Scalar torge modeling friction between crankshaft and second clutch plate

o

[2 Frictional -

(w]

Friction force (F): clutch_torgue

Ratio (f0/f): 1.2 E

Stiffness coef. (c): cclutch

Damping coef. (d): dClutch E

1 A scalar torque models the friction between the crankshaft and the clutchRistse
take care of the local coordinate systems of the force elements: Z axes of thedecal sy
tems must beriented along the rotation axis of the interacting bodiesChapter2 of
the user's manual, Se8tcalar torqué. Select theFrictional type of the torque and set
the friction torque value by an identifier;i# recommended to use the standard identifier
clutch_torqueFigurel.93.

1.8.1.3. Gearbox. Final drive

It is recommended to use the 'Mechanical rotation converter' foeceent for simplified
modeling both the gearbox and the final drive of the transmissemChapter22 of the user's
manua) Sect.Mechanical rotation convertein case of a mdmnical transmissionhe gearbox
and thefinal drive can be described by one force elemienthis caséhe force elements transfer
the rotation directly from the second clutch plate to the differentiasing, Figurel1.94. In the
case of a separate modeling the gearbox anddmad by two force elements, an intermediate
body for output shaft of the gearbag well as the corresponding rotational jomist be added
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(>4

Name: GearBox = g
Comments/Text attribute C

gearbox

Body1: Body2:

Clutch v | Differential housing |
Type: |2; Mechanical converter of rotation v|
Joint 1: jClutch

Joint 2: jDifferential housing

Ratio (i12): rotation_sign*gearbox_ratio*final_ratio =
Stiffness coef. (C): gearbox_stiffness £
Damping coef. (d): cdiss_driveling £
Efficiency: gearbox_efficiency*finial_eff E

Figure1.94. Example of modeling gearbox and final drive by single force element

Consider an example of modeling the gearbox and final drive by a single force eleigent,
ure1.94. A special forceMechanical converter of rotationis used The element pararnes are
as follows

1 Ratio(i12):

rotation_sign*gearbox_ratio*final_ratio

Here three identifiers are introduced

rotation_signis an auxiliaryidentifier, which value isr1 or -1 to get the rotation of wheels
in the correct directign

gearbox_ratiois the identifier for the obligatory parameterization of the gear;ragce we
used the recommended name of the identifier

final_ratio is the raib of the final drive the user can use the numeric value instead theident
fier if the ratio is not planned to be varied;

1 Stiffness and damping constants of the converter

1 Efficiency factor specifies the energy losses in transmissiaiis example the efficie

cy is the product of the corresponding values for the geagbarbox_eftiency(the re-
ommended identifier name) and the final drive
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1.9. Simulation of vehicle dynamics

This section is entirely concerned with the features of tggléhe dynamics of road veh
cles in the UM Simulation program. General information about working in the UM Simulation
software is described i€hapter4 of the User's Guide.

1.9.1. Preparing for simulation

Object simulation inspector
' Solver | Identifiers | Initial conditions | Object variables | XA | Information | Road vehicle | Tools

=~ A0 - ‘ %
Transmission | Resistance Scanning

Units | Tires | Options and Parameters | Tools Identification | Tests
Combined slip
[ Simulate transient process in tyres
Contact model
(@ single point () Multipoint
Set of tire models

+ 1. D:\UMBD_Work\bin\car\tre\\trucktrailer.tr

i}
Wheel Model Stat. load Deflection Axle group -
trucktrailer. Truck. TyreSteerL trucktrailer  29.38kN  37.3mm  Common E
trucktrailer. Truck. TyreSteerR trucktrailer 29.38kN  37.3mm  Common
trucktrailer. Truck. TyreDrivelll trucktrailer 20.47kN  26.0mm  Common
trucktrailer. Truck. TyreDrivell2 trucktrailer 20.47kN  26.0mm  Common
trucktrailer. Truck. TyreDrivel1R2 trucktrailer 20.47kN  26.0mm  Common
trucktrailer. Truck. TyreDrivelR1 trucktrailer 20.47kN  26.0mm  Common
trucktrailer. Truck.TyreDrive2L 1 trucktrailer 20.02kN  25.4mm  Common
trucktrailer. Truck. TyreDrive2L2 trucktrailer 20.02kN  25.4mm  Common
trucktrailer. Truck. TyreDrive2R2 trucktrailer 20.02kN  25.4mm  Common
trucktrailer. Truck. TyreDrive2R1 trucktrailer 20.02kN  25.4mm  Common
trucktrailer.Semitrailer. TyreDolyL 1 trucktrailer 22.07kN  28.0mm  Common
tricktrailer Semitraier TwreDodhl 2 tricktrailer 22 N7kN 28 Amm Commnn hl

Integration " Message " Close

Figure1.95. Object simulation inspector

The most part of the road vehicle specific datagsitedon the Road vehicletab in theOb-
ject simulation inspector, Figure1.95. Use theAnalysis|Si mu | a tmeéno comand of the
UM Simulation program to open the inspector. Tiead vehicle specific data &ved inthe
vehicle configuration files.car. Usethe @ H buttons on the tab to read/write data.

The vehicle configuration data is saved automatically inasecarfile if the Road vehicle
configuration option is checkedon in the optionsvindow, Figurel.96. Use theTools | Op-

t i o merd command to call this window.
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General Autosave | Faormat of numl:uersl Expart to 5 E:-:n:ell

Save
¥ Configuration
v Initial conditions
v Identifisrs

W Riail vehicle configuration

¥ Fioad vehicle configuration
'F Tracked vehicle configuration

] 4 I Cancel |

Figure1.96. Options ofUM Simulation program
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1.9.1.1. Units

Figure1.97. 2-unit vehicle: a truck with a trailer

Figure1.98. 3-unit vehicle: a truck with two seniirailers

Since version 5.0 theM softwareallows the user to create vehicles containing any number
of units. Unit one should be a car or a truck with a steering system. Other units can be trailers o
semitrailers Figurel.97, Figure1.98). Distribution of bodies on units should be identified.

Simulation of vehicle dynamics requires identifying the car bodies for each of the units even
if the model contains only one unit.

Use the Road Vehicle | Unitstab of theObject Simulation Inspector in the Simulation
module to make the necessary identificatiéigure1.99.
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Note 1.

Note 2.

{ PFoadwvehicle | Tools | Compliant joints
= =
Tools | Identification | Tasts | Type of unit

Units | Tyres | Irregulat
4}" B ISemi—traiIer

Car hody |Trai|er1.ElDdyTrﬂﬁﬂ'\i Car bod
— Car body

Yehicle Semi-trailer | Semi—trailerl

List of bodies | -l

O FrimekoverWheelDrivel R2
O FrimetdoverheelDrivezl
O FrimetdoverWheelDrive?lL2
O FrimekdoverheelDrivezR
O FrimekoverWheelDrivezR2
O Frimebdover Uprightl
O Frimebdover. JarightR,
[A Trailer! BodyTraile
[e] Trailer Axlel

M Trailer! Wheelbxdel Rz =l

Bodies in unit

_—

Accept | Cancel |

Figurel1.99. . Identifying units and car bodies

T =
Use thel buttons to add/remove a unit (except of Unit 1).
Select type of the unit (trailer or setnailer).
Check in thdist dl bodies included in the unit.
Click the Acceptkey.
Select a car body.

The car body is selected automatically as a body included in the unit with the
biggest mass. Change the assignment if necessary.

To check the bodies for aitithe user can either use a mouse or he may select
first items in the list and then click the Enter key.
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1.9.1.2. Identification of vehicle subsystems

Object simulation inspector

Sohver Identifiers Initial conditions
Object variables VA Information Road vehicle Tools
=-B8-% 0
Units Tires Options and parameters Tools Testing area
Identification Tests Transmission Resistance Scanning
Longitudinal speed control ~

Longitudinal speed control
Wheel rotation locking
Steering

Driver model parameterization
Driveline contrel identifiers

Figurel1.100 List of subsystems for identification

Before starting the simulation of the vehicle motion, it is necessary to identify its subsystems,
the list of which isshownin Figure1.100. Identification means d@tg the numerical values of
the parameters corresponding to a givehiclemodel, as well as assigning identifiers that p
rameterize the models @rce elements.

Saolver Identifiers Initial conditions
Object variables XVA Information Road vehicle Tools
= - A v| b O@
Units Tires Options and parameters Tools Testing area
Identification Tests Transmission Resistance Scanning
Longitudinal speed control ~
Parameters J Mouse double click
Identifiers
Name Identifier |
Longitudinal contral torqgue  miongitudiaicontrol
- nu_Damp=0.2 A
--[1 cDamp1=1295.59 (Damper spring constant)
-] cDamp2=1295.59
Numeric parameters --F 11=1.235
- |_lever_rod=0.752672
Name o
- Is_verticalsize=0.25
Nurnber of control elements -1 mionaitudinalcontrol=0
Gain --[Bl cocking=1E7
-] beta_locking=0.2
Integral control factor B diocking=1788.85
[ csteering=100000
-1 steeringwheelangle=0
-] dsteering=100
--[] dsteeringwheelangle=0
L

Figure1.101 Assignment of identifiers

To assign an identifier, doubtdick on the tableow and select an identifier from the list that
appearsfigurel.101

Identification of parameters faimplified longitudinal speed control

Identification of wheel rotation locking parameters

Identification of steering

Parameterization of driver model

Identification of transmission control
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1.9.1.2.1. Identification of parameters for simplified longitudinal speed control

Object simulation inspector

Solver Identifiers Initial conditions
Object variables XVA Information Road vehicle Tools

=~ A - E‘g_\ &

Units Tires Options and parameters Tools Testing area

Identification Tests Transmission Resistance Scanning
Longitudinal speed control ~
Parameters

1dentiiers Assignment of identifier

Narne Identifier .

by mouse double click

Longitudinal control torgue

(T 1

Mumeric parameters

Mame Value
Mumber of control elements 2
Gain 1000
Integral contral factor ]

Figurel.102 Identification ofsimplified speed control

These parameters are used in a simplified way to control the longitudinal speed ofithe veh
cle, see Sectl.9.3.1iSpeed modes for simplified longitudinal condrdlihe identification of the
control system in this case implies the choice of one parameter and three numestaitsp
Sect.1.7.8fForce element for simplified control of the speed of the ladigial movemeiat .

Identifier :

1 Longitudinal control torqué& you must specify an identifier that parameterizes the co

trol moment. The default namendongitudinacontral The numerical value of the idéent
fier is calculated by the program iretprocess o§imulationof the vehicledynamics

Remark. Setting the name of the moment identifier as the default value allows the user to
automate the identification of parameters

Double click by the left mouse button on the corresponding table rogsignea model ide
tifier. Identifier for the control torque can be selected from the head of model or from ariy of su
systems. If several subsystems include identifiers with the same name, their numeric values wil
be set by the program equal to the valtisebected identifier.

Numeric parameters

1 Number of control elementd: number of force elements in the model, which description

includes the control torque identifier (in the figure imgngitudinalcontral. For exan-
ple, this is the number of tractiovheels.

{1 Control gainy - coefficient at the proportional term of the speed PI controller;

7 Integral control factob is then coefficient at the integrarm of the speed PI controller

The value of numerical parametargset directly from the keybodr



Universal mechanisrhO 1-98 Chapterl2. Simulation of road vehicles

1.9.1.2.2. Identification of wheel rotation locking parameters

Use theRoad vehicle | Identificationtab of theObject simulation inspectorto identify the
wheel rotation lockingparameters. The parameters are used in tests when the wheels must be
locked, for exarple, in equilibrium calculation or test. Select ¥neel rotation locking data
type in the drogdown menu

Identification Tests Transmission Resistance Scanning
Wheel rotation locking ~
Parameters

Identifiers
Mame Identifier Value
Locking stiffness Car.cLocking 10000000

Locking damping ratio Car.beta_locking 0.2

Figurel.103 Identification of wheel rotation locking parameters

The following two identifiershould be assigned (Sett7.9 fiLockingwheel rotatiom):
1 Locking stiffness constant (Nm/rad)
1 Locking damping ratio.

1.9.1.2.3. Identification of steering

Use theRoad vehicle | Identificationtab of theObject simulation inspectorto identify the
steering controparameters.

Identification of the steering contrphrameters of the model requires selecting four identif
ers (see Secl.7.7. "Steer contrdl, p.1-83), Figurel.104
1 Steering wheel angle
1 Steering wheel rate
1  Steering stiffness
1 Steering damping

Double click by the left mouse button on the corresponding table Fayure1.104) to as-
sign a model identifier to the steering control parameter. Use the direct input to set the numeric
parameters.

Four numeric values
1 Steering ratio
1 Index of the steer wheel anglad the index of corresponding subsystem
1 The maximal value of the steering wheel rotation angle in degrees

Steering ratiois the ratio of the angle of rotation in the joint, in which the control i®4ntr
duced, to the angle of rotation of the wheels, Sect7iSteer contra . I f a sidapl i
el does nbcontain steering wheel and the wheels turn directly in the hinge between the wheel
and the hub or axle, the gear ratio jsskée e.g. modelsdouble, trucktrailer , GAZ-66 and
many other models frorthe directory {DATA UM}\SamplesAutomotive In the casevhen the
car model includes the full description of the steering system, ustg¢beng wheel rotation test
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to automatically determine the ratio, see S&&.4.5 The full steering system can be found e.g.
in the modelvaz2109, vaz2109, BMW3_E36, Lada4x4.

-

Object simulation inspector

Solver | Identifiers | Initial conditions I Object variables
wa | Information | Road vehide |  Tools
S
| Units | Tires Options and parameters I Tools
Identification | Tests Transmission | Resistance I Scanning
[5teering v]
Positive coordinate corresponds to left turn
Parameters
Identifiers
| MName Identifier
Steer wheel angle PrimeMover , steeringwheelangle
Steer wheel rate PrimeMover.dstesr @ |9 mitheel=53 o
) ———| i b Ixx\Wheel=6.9
Stiffness PrimeMover.csteer ¢ TyyWheel=12.3
Damping PrimeMover dstesr ¢ i IzzWheel=8.9
[ csteering=2E6
Mureric parameters & IzzSteering=13.8
Name steeringwheelangle=0 | |
Steerrato i b betaSteering=0.3 £
----- dsteering=3152. 14
Index of steer wheel angl
ndexotsteerwneelange 1L dsteeringwheelangle=0
Index of subsystem for steer wheelangle | L. beta_locking=0.2
Maximal steering angle (degrees) i mlongitudinalcontrol=0
----- docking=1E7 il
by AI,-.,—I.;,-.rl_.n.n:!c 1
Integration ” Message ” Close l

Figurel.104. Identification of steering control

Index of steer wheel angéndindex of subsystem for steer wheel aragke the index of the
coordinate in the joint responsible for steering control anihthex ofcorresponding subsystem.
For exampleijt is the coordinate in the rotationgint connectingthe steering column andeh
carbody Figurel.105 or in the joint between the steer wheel hub and the axle/strut when the
steering system is not directly included in the modke first number in the coordinate ideitif
cation number (1.76 iRigure1.105 corresponds to the subsystem index. If the model does not
contain external subsystenthis number is always 1

This data allows the program to access the current value of the steering wheel rotation angle
It is used in testd4.9.4.7iClosed loop steering testest with driveo ]1.9.4.8iCar simulatop
(position oftrackbarSteering wheelwhen the steering control is off)

The maximal steering angietroduces a limitation on the contrcdlculated by the program.
If the calculated rotation angle is greater than this number, this value is assigned.
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Object simulation inspector

" Solver | Identifiers ~Initial conditions | Object variables | Information | Road vehicle | Tools |
Coordinates | Constraints on iitial condiions |

o o|naul| el

|vaz21_09. =]

@ | v |Coordinate [Velacity [ Comment -
1.70 -0.002571089774 0 Car jStabilizer right - Stabilazer mounti
1.7 0.111419334883 0 Car.jStabilizer right - Stabilazer mounti
1.80 X -0.0174501714674 0 Car jwishbone amn left - Stabilazer mc
1.81 X {0.00423278616613 0 Car.jwishbone am left - Stabilazer me
182 | ¥ Index of steer wheelra Car.|IW|'sl'lntl)one atm Iefl-Stabiazefnlx
1.72 . Car.jStabilizer left - Stabilazer mountin
1.73 gle coordinate Can {Stabilizet left - Stabilazer mountin
1.74 / 3626 0 Car.[Stabilizer left - Stabilazer mountin
1.75 +0.111533330612 0 Car.jStabilizer left - Stabilazer mountin
1767 | | 0.00112407430196 0 Cat iCat body - Steeting colurn 1a

Message | des|  O1EH das] 01

Figurel.105 Identification of index osteering wheel angle coordinate
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1.9.1.2.4. Parameterization of driver model

The assignment of identifiers to the parameters of the driver model is used in linear analysis
to evaluate the impact of each of these parameters on ¢a#eobectl.10.2fLinear analysis
of influence of driver model paramedé, as well as in multivariate calculations when analyzing
the influence of driver model parameters on vehicle movement in curved sections of the road
Sect.1.4.4fSelection of parameters for continuous cortrol

The controlparametergletermine the continuous steering confol)

YR oy o R

Identifiers parameterizing the control should be added to the identifier list of the vehicle
model in the UM Input progranfigure1.106left. The identifiers are assigned to the pasimmrs
on theRoad vehicle | Identificationtab of the simulation inspector in UM Simulatiorogram,
Figurel.106right.

5
+
=B + 8
Whole list
Mame Expression Value
v 0
x_ext i}
y_ext 0 Object simulation inspector
Z_ext 0 Solver Identifiers Initial conditions
fi_ext a Object variables XVA Information Road vehicle Tools
fy_ext 0 =~ A - %5. @
fz_ext o Units Tires Options and parameters Tools Testing area
mx_ext 0 Identification Tests Transmission Resistance Scanning
my_ext o Driver model parameterization ~
mz_ext 0
Parameters
e_ext 0.1
ext_ampl 0 Identifiers
M
Fregl 1] ame
Preview time, s
zl0 0
Reaction time dely, s
PP-tp ° Control gai k
ontrol gain pp_l
PPk ¢ | k2
Control gain2 pp_|
pp_k2 0
i 0 Kd pp_d
pp_l
KI pp_i
pp_d 0
—

Figure 1.106. Assigned identifiers for driver model
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1.9.1.2.5. Identification of transmission control

Object simulation inspector

Chapterl2. Simulation of road vehicles

Solver Identifiers Initial conditions
Object variables XVA Information Road vehicle Tools
=-B- % @

Units Tires Options and parameters Tools Testing area
Identification Tests Transmission Resistance Scanning
Driveline control identifiers w

Parameters
Identifiers
Narne Identifier

Foot throttle position [0-100%] Car.throttle_position

Gearbox position

Car.gearbox_position

Clutch pedal position [0,1]

Brake pedal position [0,1] Car.brake_position

Figure 1.107. Assigned identifiers for transmission control

Car.clutch_position

On this tab, identifiers are assigned that parametrize the transmission control. This assig

ment makes sense only if the vehicle model includes a transmission (engine, gelatobx
etc.), see Secl.8fTransmission .

A descrigiion of the transmission modeling in UM is containedCinapter22 o f
manual, file 22_UM_Driveline.pdf. The use of identifiers for control parameterization can be

f ound

n

t h ildentifiercongolbi.n s ect i

on

~

n

t he

Us


22_um_driveline.pdf
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1.9.1.3. Tools tab for creating data files

Object simulation inspector

Solver Identifiers Initial conditions
Object variables XVA Information Road vehicle Tools
=-8- % @

Identification Tests Transmission Resistance Scanning
Units Tires Options and parameters Tools Testing area
= E Open loop steering A ~

Name |(n0ne]

Ahscissa type
O Time @ Distance

Ordinate unit: Rad

g
Longitudinal speed history
Road test section profile
Traction force limits
Gear shift schedule

Integration Message Close

Figurel.108 List of data types

When performing vehicle dynamics simulation tests, various types of data are required tha
contain the necessary informaticsteering angle versus time for an open loop vehicle control
test, a plot of vehicle speed versus time or distance travelled, and so on. This type of data is cr
ated on th&koad vehicle | Toolgab of the simulation inspectdfigure1.108

Some of the data can be entered depending on the time or distandedrdeelexample, the
steering wheel rotation or the history of the longitudinal speed. In this case, the usersshould
lect theAbscissa type Other data may depend on only one variable, for example, the test section
profile depends on the longitudinal coordinate.

The buttor=""/ serves for calling the curve editor, which is used for entering data

The entered data is savéa a file using the buttoEl. A previously created file can be
opened for modification or viewing by clicking the butie.

Setting graphs for steering wheel angle and vehicle speed
Creatingfiles with test section profile

File with traction force limitation for simplified sgeel control
File with gear shift schedule
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1.9.1.3.1. Setting graphs for steering wheel angle and vehicle speed

Open theRoad vehicle | Toolgab in the simulation inspectdfigure1.108

Select one of the data types
1 Open loop steering
1 Longitudinal speed history

Steering angle and speed profile can be functions of both timediatehce,see Fig-

urel.108

The functiors are described in the Curve editor by clicking on'***=2button An example of

the steering wheel rotation history is showirigure1.109,

Figure1.109 Pulse steer time history

", curve editor - Open loop steering - O *
. . . i . + +: Line v
M X Y Type Smoothn...
i I T A | P P 313 5.209 0 Line "
: : : : : 314 525 0 Line
315 5242 0 Line
B AR SEESEEEEEE L 316  5.250 0.0005.. Line
: : : : : 317 5.275 0.0044.. Cubicsp...
. . . . . 318 5202 0.01196 Cubic sp...
bog b A . 1 A 319 5.309  0.02279 Cubic sp...
: : i : : 320 5326 0.03646 Cubic sp...
321 5342  0.05234 Cubic sp...
el 322 5359  0.06976 Cubic sp...
: 323 5376  0.08795 Cubic sp...
4 5322 01061 Cuhic s v I
! < >
0 3 A f 3 10 oK Cancel

The steering angle is entered in radians. The speed of longitudinal movesetm meters

per second.
Use the= ke buttons to read/save data from/to file.
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1.9.1.3.2. Creating files with test section profiles

Figurel.110 Speed bump

Test section profiles (TSP) are geometric deviations of road from ideal state, which cannot be
considered as smooth and small irregularities. For example, a staguirel.45 or a speed
bump inFigurel.110 can be modelled im UM as TSPonly. The tool is applied to the test
with driver only , see Sectl.9.4.7.2.FSimulation with test section profiléESPP.

I Object variables I - XWA | Information | Road vehide Tools I

=B
Tests | Transmission I Resistance I Scanning
LInits | Tires | Options and parameters Tools | Identification

-

= A [F‘.nad test section profile

Mame Bes MMeHK

Abscissa type

Time i@ Distance

Data input/edit Curves: 2 J

Figurel.111 Tool for TSPdescription

TSP curvesare createdwith a tool, located on th&®oad vehicle| Tools tab of the Object
simulation inspector. Select thwad test section profileitem of the puldown menu and click
on the- button to open the curve editor for description of T8&, Figure1.113
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Y%, curve editor - Road test section profile — O X
| | 4+ + @ v
Y ------------------------ ------------------ N X Y Type S
= Curve 1
! ! 1 0 0 Line
I 1 PO . — 15 ------------------------ i— ------------------------ i——— 2 5 0 Line
1 | : 3 2.5 0.2 Line
4 8 0.2 Line
] 9 0 Line
6 30 0 Line
= Curve 2
1 0 0 Line
2 6 0 Line
3 7 0.1 Line
4 10 0.1 Line
5 11 0 Line
6 30 0 Line
< >
oK Cancel

Figure1.112 Different obstacles to tHeft and right tracks

UM, Curve editor - Road test section profile = | B S
. S e )|
M X Y Type Smoothil
=+ Cur...
Y g - 1 0 0 Line Yes
H H 2 5 0 Line ‘fes
E E 3 5.5 0.1 Cubic spline fes
E E 4 B 0 Cubic spline ‘fes
i : 5 50 0 Line Yes
E E =+ Cur...
i : 1 0 0 Line Yes
i : 2 s 0 Line Yes
E E 3 5.5 0.1 Cubic spline Yes
: : 4 B 0 Cubic spline Yes
o 4 a ,
1 . 3 50 0 Line ‘fes
e F
0K l ’ Cancel

Figurel.113 TSP curves for speed bump

If profile differs for the left and ght tracks, the user should enter two curves like in
Figure1l.112 The first curve corresponds to the left track. If only one curve is defined,dhe pr
file is considered as identical for the left and right tracKisat is, in the case shown in
Figure1.113 one curve can be deleted.

Use thd=] buttonon theToolstab to save the cursas a *.trp file.
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1.9.1.3.3. File with traction force limitation for simplified speed control

The traction force limitation is the dependence of the limiting total torque transmitted to the
wheels on the vehicle speed. The limit is used if a simplified speed control method is intplemen
ed wthout transmission simulation, Se&t9.3.1 iISpeed modes for simplified longitudinaheo
trolo The limit curve is saved in a *.tfl file. The torque unit is Nm, the speed unit is m/s.

Force

Y

Speed

Figurel.114 Forcespeed diagram

To obtain the dependence of the limit on the value of the timtagieon the traction wheels
M depending on the vehicle speedhe user can apply a typical forspeeddiagram for a given
vehicle. For a simplified version, it is proposed to use thautotigniting curve for rated power
0
1

C

O

<|

wherel is the wheel rolling radiugt low speeds, the slip limitation must be taken into account

o ‘O
Here Ois the total vertical force for the driving wheglsis the coefficient ofriction.
Thus, the limiting total torque on the traction wheels is determined by the formula

. PN
Consider an example: a 50kW motor, a wheel radius of 0.3m, a total load on the traction

wheels of 5000N, and a twead friction oefficient of 0.8. The corresponding torque limiting
curve is shown ifrigure1.115
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", curve editor - Traction force limits - O s
+ +: fij | |Lne v

M X Y Type Smoothn...
Bl Curve 1
5 1 0 1200 Line

1epe E 2 12.5 1200  Line
3 13 1154  Cubic sp...
; 4 14 1071  Cubic sp...
5 17 882  Cubic sp...
& 20 750 Cubic sp...
i 7 35 500  Cubic sp...
! g8 30 500 Cubic sp...
9 40 375 Cubic sp...
I I .

0 0 0 10 50 300 Cubic sp...
0K Cancel

Figure1.115 Example ofriving torque limitation

1.9.1.3.4. File with gear shift schedule

r -
U Penakrop kpuesi - GearShiftForm Elﬂléj
G“&E.||—|Dﬂﬂaﬂ |'ﬁ:tn|:‘j| %
Crna..
1 8 Mpamana
2 0.5 <] Mpamaa ,.'J,a
3 0.9 43 Mpawmaa Ada
1 4 1 48 Mpamaa  [Oa
KpuBan 2
Kpuean 3
KpweEan 4
KpwBan 5
KpwBan &
| i MPUMEHKUTL ” OTHMEHUTE
0 0.4 0.8

Figurel.116 Gear shift curves

Gear shift schedule files *.gss are used for gear shifting in an automatic transmission, as wel
as in the longituchal speed contrtdr. The file contains gear upshift and downshift curves for
vehicle or engine rotor speed versus throttle posikayrel.116.

More informationcan be found irChapter22, file 22_UM_Driveline.pdf,Sect fiFile with
gear shift schedute


22_um_driveline.pdf
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1.9.1.4. General Settings for Vehicle Dynamics Simulation

Object simulation inspector

Solver Identifiers Initial conditions
Object variables XVA Information Road vehicle Tools

=-B- % @

Identification Tests Transmission Resistance Scanning

Units Tires Options and parameters Tools Testing area
Irregularities
Left |"C:\Users\Puinc\Documents\UM Software Lab\Universal Mechanism\9\( = |
Right |"C:\Userls\Puinc\Documents\UM Software Lab\Universal Mechanism\9\( = |

Factor 1.000

Tire contact model

(® Single point (O Multipoint
Parameters of multipoint contact

Distributed flexible contact

Discretization step {mm)

Tire force visualization
Longitudinal force (Fx)
Lateral force (Fy)
Mormal force (Fz)

12.0
Vector length in wheel radius

Lateral displacement 0.20

interrupt on averturn
Road image  Image of testing area

Draw road / polygon image

width of road |4.000 |
Thickness of central line |1 |
Image step (m) |1.DDD |
Road color |. clRed ~ |
Line color |D cyelows ~ |
Integration Message Close

Figurel.117. Generabption for road vehicle simulation

Below we consider options for simulation of vehicle onRuad vehicle| Options and pa-

rameters, Figure1.117.

Setting road roughness files for left and right teack
Options for tire/road contact
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Animation of tireroadforces

Road image

Drawing the testing area for the open loop steegimd)simulatotest
Vehicle overturn

1.9.1.4.1. Setting road roughness files for left and right tracks

To select a file, click on the buttc 2 . Creation of irregularity files is described in Sect.
1.3.3AMicro profile (irregularities) .

1.9.1.4.2. Options for tire/road contact

The user can selecitleer a single point or multipoint contact model. In the case of la mu
tipoint contact, the type of contact must be specified: discrete or distributed (the Distidb-
uted flexible contac), as well as the desired value of the contact discretizationlsswuld be
remembered that reducing the step together with the calculation refinement leads to a slowdow
in the simulation process when moving along a triangulated surface.

A description of the models of tire contact with the road can be found in1SedtfiSingle
pointand multipointhormalcontact modefs .
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1.9.1.4.3. Animation of tire-road forces

) o «[57]

Figurel.118 Animation of contact forces in animation window of old type

. [3] Animation window EI ‘
@A NS Ge- oo 8w ®

Coordinate system
Grid »
Rotation style %

Modes of images

Cameras

Look at...

Position of vector list

Clear list of vectors

Show vectors for tyre/road interaction

Background color...

Grid parameters...

Show shadows

Show fog

MonoxeHue cNUCKa packpacku

BbIGpaTh Y3kl N0 PELUEHUHD...

SCO r=(1.51; -5.46; -0.0789); m=5.86 Ground

Figurel.119 Animation of contact forces in anation window of new type

The force vectors of the interaction of tires with the road can be displayed in the animation
window during the simulation. To enable the image of forces, one should

- in the animation window of theld type click on the toolbabutton B~ Figurel.118
- in the animation window of theew type use the popup menu commaskow vectors for
tire/road interaction, Figure1.119,
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Tire force visualization
Longitudinal force (Fx)
Lateral force (Fy)
Normal force (Fz)

Vector lenath in wheel radius

Lateral displacement 0.20

The corresponding section of the general options is used to customize the animation of the
force vectorsFigurel.117.
- the user can choose which forces are drawn, e.glatehalforces
- the user can set the scale of the vectors relative to the tire radius by specifying thee param
terd (Vector lengthin tire radius) - the length of the force vectéris calculated by the formula
Oi Q
T
wherer is the radius of the first tire without loa€) is the static load for the first tire (if the equ
librium test is successfully passed) or the averageflwazhe wheel,
- shift the point, to which the force images are applied, outward from the car by specifying a
nonzero value in meters of the parameter in the lbaberal displacement.

1.9.1.4.4. Road image

Road image  Image of testing area

Draw road / polygon image

width of road |4.000

Thickness of central line |1

|
|
Image step (m) |1.DDD |
|
|

Road color |. clRed v
Line color |D clyelow v

The user can change the style of the road image ianiingation window
1 Hide the road image (in the animation window of new type);
1 Set the oad image width in meters
1 Set the road image step in longitudinal direction in meters.

The road is drawn with quadrilaterals, the width of which in the longitudinal aine(step)
can vary. These quads are visible in the wire mode of the animation wilkiiguve1.120,
When using test section profiles, it is recommended to redecstéip value for more accurate
rendering of the profile, see Sett3.4fiTest section profie 1.9.4.7.2.3ASimulation with test
section profiles .

1 Change the color of the road and the trajgcturve that the vehicle follows in the
driver test.
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Figure1.120 Road image in shaded and wire window mode

1.9.1.4.5. Drawing the testing area for the open loop steering and simulator tests

Road image Image of testing area

Testing area

X min, m X max, m
¥ min, m Y max, m

Every separate skb

Length, m Width, m

[ Use textures for floor slabs

In the open loosteering tesas well as in the simulator tesihe horizontal surface on which
the car moves is depicted in a new animation window using a generated periodic surface
Figurel.181 The size of the surface image can be changed by the user.

Figurel.121 Testing area imagier theloop steeringand simulatotessin a new window
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1.9.1.4.6. Vehicle overturn

Tire force visualization
Longitudinal force (Fx)
Lateral force (Fy)
Normal force (Fz)

Vector length in wheel radius

Lateral displacement 0.20

[interrupt on overturn I

Road image Image of testing area

Figurel.122 Optionto stopsimulation when the vehicie turnedover, the optiondisabled

There are two modes for simulation of a vehicle during an overturn. The modes are switchec
with the help of thénterrupt on overturn checkboxFigurel.122

Owwnbka X

@ Vehicle overturned. Simulation is interrupted.

Figurel.123 Simulation stop when vehicle overturned

9 Simulation interruptnode with error message
The simulation is interrupted when the initially horizontal plane associated with the body
reaches a position close to vertical, or the symmetry plane of one of the wheels becomes close
horizontal Figure1.123
1 Simulation mode of the overturning process
If the simulation interruption mode during a turning over is disabled, then it is possible to
simulate the entire process of the vehiclertwrning, up to a complete stop when slidiR@-
urel.124. For this, contact interactions of the body with the terrain should be added to the model
in case of a pssible overturn. In the simplest case, this is a contact force elementpafitihe

plane type, if the car moves along a horizontal plafigure1.125 If the terrain is not flat, then
apoints-Z-surfacecontact can be used.
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Figure1.124 Simulation of vehicle overturning with contact forces

leogew/ =) £ 1
+E T
Comments/ Text attribute C

|
Bodyl: Body2:
|Car.Car body - HBaseU -
Type: 2, Points-Plane ~
Parameters Geometry

Points (Car.Car body)

+ @ % =
1.6902 -0.703347 0.0329663
1.69205 0.700566 0.0334273
1.78799 0.720824 -0.25901
1.78878 -0.725118 -0.262101
1.74154 -0.641099 -0.420681
1.73589 0.633717 -0.426533
0.146438 0.522222 0.612958
0.120064 -0.548029 0.611275
-0.56338 -0.531076 0.668694
-0.513558 -0.04263399 0.700446
-0.522876 0.538522 0.66377
-1.18586 0.532856 0.699963
-1.18942 -0.110545 0.725201
-1.19652 -0.520006 0.698741
-1.93664 -0.711077 0.255792
-1.97295 -0.736105 -0.0556545

Figurel.125 Contact force element for interaction of the car body with the horizontal plane,
moded2 1609 TOoO
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1.9.2. Portability of a model from one computer to another

When executing tests, the program uses a number of files, without which simulation is i
possible.lf the model is transferred to another computer, then the auxiliary files created by the
user will be found by the program if they are located directly in the car model directory. Here is
a list of file types:

T

= =4 =4 4 A

Macro geometry (macro profile) *.mgf

Irregulaities (microprofile) *.irr

Testsectionprofile *.trp

Open loop steering *.ols

Gearshift logic *.gss

Triangulated surface and route definition files *.img, *.rt
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1.9.3. Speed modes and speed control

Units Tires Options and parameters Tools Testing area
Identification Tests Transmission Resistance Scanning

L

Test with driver
Equilibrium test

Steering wheel rotation

pen I00p SCeering I
Test with driver

I simulator
Wartiral harrmnnic lnadina

Figurel.126. Main dynamic tests with longitudinal motion of vehicle

Speed mode
(O Neutral (O Profile
(® v=const D=0

Model of vehicle without transmission

Speed mode

(O Neutral O Prafile O Control
(®) v=const Ov=0

Speed control

O simplified (® Transmission

Model of vehicle with transmission
Figurel.127. Speed modes

The two main dynamic tests withvahiclemodel use several modes of longitudination

(speed modes)he main tests af&igure1.126)
Open loop steering test
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Closed loop steering testtest with driver

The implementation and the number of modes of longitudinal movement depends on whethe
the vehicle model includes transmissioror not For a model without a transmission, only a
simplified speed control method is used, the parameters of which are entered ih.S&@.1
fildentification of parameters faimplified longitudinal speed contil. I n this cas
torques are directly applied to the driving wheels of the vehicle. For models with transmission,
along with a simplified miod, a transmission control is used, including gear shifting, changing
the position of the acceleratand clutchpedals, braking, etc.

The VO identifier (Figure1.128) is used to set the initial speed value inNetral, v=const,
Control modesFigurel.127. In theProfile mode, the speed is set by a grappedding on the
time or distance traveled, Se@t9.1.3.1fSetting graphs for steering wheel angle and vehicle
speed, the value of the identifierO is ignored in this case. The speed can be specified either in
m/s or km/h.The $eed unitfor the current modas setby the user using th®ptions window
(the Tools | Options...menu commanydor the toolbar and is savéor the curent modelin the
*.icf configurationfile, Figure1.129,

Object simulation inspector
Object variables XVA Information Road vehicle Tools
Solver Identifiers Initial conditions
List of identifiers ' Identifier contral
= A ‘ ‘ |Iada4x4 -
Latest identifier file: Factory settings.par
Whole list
Name Exprassion Value Comment
mCarBody 1000
TewCarRodv 486

Figurel.128 Setting initial speed by identifi@0
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Y8, UM - Simulation - chusers\publicidocuments\um software lab\universal mechanism\2023\samples\automotive'ladadx4

File Analysis  Scanning Tools Windows Help
2 2 DEN ARBES| BEosldd o
GO ke BEESE Eor o

Speed unit

M B & ®kyh Oms

Options X
Bug reports Visualization Wear control parameters
General  Autosave  Format of numbers  Export to MS Excel

General

[ Automatically load the kst model
[] Automatically remove incompatible variables

[ z-axis directed downward
(while computing scalar variables)

Temporary directory:
|C:\Users\POGOF{Em1\.-5.|:||3Dzﬁ.‘d\anI‘-lTemp‘l -

Graphical windows
Default pul-down tool panel for graphical windows
[ pouble column text file

Preftc for comments: |

Measure unit for speed identifier v
Speed unit
® km/h Omjs

[~ Default speed unit: m/'s

Figurel.129 Setting speed unit

The zero speed mode0 is similar to the equilibrium test and is mainly used to calculate the
initial position of the car when driving along a triangulated surféestifg arep 1.9.4.7.3.2
filnitial conditionsfor motion on testing aréa In contrast to the equilibrium test, in this mode,
the car body lockings automatically activated. When calculating the interaction of tires with a
surface, the friction forces are assumed to be equal to zero, that is, the surface is considered to
absolutely smooth.
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1.9.3.1. Speed modes for simplified longitudinal control

Speed mode
(O Neutral (O Profile

(@ v=const Dv=0

Four modes of longitudinal movement are availabigure1.127.

Neutral

The control is disabled, the motion occurs by inertia or under the action of longitudaial fo
es specified in the vehicle model.

v=const,Profile

A torque is applied to each drive wheel, depending on the difference between the desired an
current speed. For this purpose, the identifier of the torque specified by the user is automaticall
used, Set. 1.7.8 iiForce element for simplified control of the speed of the lodoial moe-
mend 1.9.1.2.1Aldentification of parameters faimplified longitudinal speed contil.

The proportionaintegral speed controller is used

0 LU U 0 0 0 Qb

whereM is the control torquéhis values is assigned to the tordgentifier),

U is the current vehicle speed, m/s; this is the speed of the vehicle car body

0 is the desired speed, which is either constant@nsf or a given function of the time or
distance Profile), m/s.

0 R are the controller parameters specified by the user, B8ct.2.1fldentification of @-
rameters forsimplified longitudinal speed contil

The value of the moment can be limited due to the restrictions imposed by the engine power
Sect.1.9.1.3.3File with traction force limitation for simplified sjgel controd .

v=0

The stationary vehicle mode described above in Se8t3iSpeed modes and speed-co
trolo.

1.9.3.2. Speed modes when controlling the transmission

Speed mode

(O Neutral O prafile O Ccontrol
®) v=const Ov=0

Speed control

() Simplified (®) Transmission

Figure1.130 Speed modes under the transmissiomirol

The section is actual for vehicle models with transmisssact.1.8 fiTransmissioq. In this
case, it is possible to use both the simplified longitudinal speed control described in the previou:
section, and the direct transmission control, including

- gear shift

- changing the position of theccelerometer pedal

- clutch control in the case of a manual transmission
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- brake control

Object simulation inspector

Solver Identifiers Initial conditions
Object variables XVA Information Road vehicle Tools
=-B- % @

Units Tires Options and parameters Tools Testing area
Identification Tests Transmission Resistance Scanning
Driveline control identifiers w

Parameters
Identifiers
Narne Identifier

Foot throttle position [0-100%] Car.throttle_position

Gearbox position Car.gearbox_position
Clutch pedal position [0,1] Car.clutch_position
Brake pedal position [0,1] Car.brake_position

Figure 1.131. Assigned identifiers for transmission control

The transmission is controlled using four identifiers corresponding to these points, Sect.
1.9.1.2.5ildentification of transmission contiol.

1.9.3.2.1. Speed mode fiNeutralo

In this mode, the transmission control is carried out by directly setting values to identifiers by
assigningconstant or variable values. Theen can use both thdentifier control tool and user
createdcontrol paneldo set variable values. At theeginof integration, the program autorniat
cally starts the engine. If the gegaositionis not set to the neutralng i.e. the corresponding
identifier is different from zero, then the engine speed is automatically calculated in accordance
with the longitudinal speed specified by the identifi@rand the gear ratios of the gearbox and
final drive.

Tablel.8
Some examples of the transmission control
Options

Identifier 1 2 3 4
Position of accelerator pedal 0 0 >0 >0
(throttle_position)
Gear 0 0 >0 -1
(gearbox_position)
Position of clutch pedal 0 0 0 0
(clutch_position)
Position of brake pedal 0 >0 0 0
(brake_position)
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Several options for setting the values of control identifiers are giv8mlte 1.8. It is as-
sumedn the exampleghat when the given values of the identifiers are set, the modeling process
Is started and these values are not changed by the user.

Option 1. The car moves binertia with a small deceleration due to air resistance and rolling
friction of the wheels.

Option2. Vehicle is braking

Option 3. The vehicle speed tends taanstantvalue,which depends on the position of the
accelerator pedal and the geasition The initial speed identifier valu® must be positive.

Option4. Reverse motion. The speed of movement tendsctmatantvalue, which depends
on the position of the accelerator pedal. The initial speed identifier v@loneist be negative.

To shift gears in this mode, the user can usddaatifier control tool. Consider an exa-
ple. At the beginning of the simulation, the sgeed is zer¢v0=0), the accelerator pedal is
pressed by 20%, the gear is in neutral position, the clutch pedd¢asedFigurel.132 When
the simulatiorbegins the engine starts. At time 1s, the clutch is disengaged and the first gear is
engaged. During the next 1.5s, thatch is released.

Object simulation inspector

Object variables XA Information Road vehicle Tools
Solver Identifiers Initial conditions
List of identifiers ' Identifier control
= HA ‘ vaz2109 £.Car =
Latest identifier file: last.par

Whole list Steering Driveline

Bxpression Value Comment
n 20
brake_position 0
clutch_position 0 Controlled 1 - Clutch disengaged
gearbox_position 0 Controlled
< >
Integration Message Close

Figurel.132 Accelerator pedal positic20%

Object simulation inspector

Object variables XVA Information Road vehicle Tools
Solver Identifiers Initial conditions

List of identifiers Identifier control
= -8 | + ]

Identifier Cornment
Car.clutch_position
Car.gearbox_paosition

Integration Message Close

Figure1.133. Control for gear and clutch identifiers
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Consider an example when theontrol is carried out by two identifierBigure1.133. Time
history for the identifiers realizing the described scenario are shokigunel.134.

This example is implementddr the model Data UM \SAMPLESAutomotiveéVaz2109 T
To view the example, open the model full configurataentifier control for transmission .

The time dependences of the engine speed and the longitudinal speed of the car during tr
simulation are shown iRigure1.135

", curve editor - Identifier control — O *
4+ +i [ | Lne v‘ = B/ ‘ o
M X ¥ Type Smoothn...
= Curve 1
1 0 0 Line
2 0.7 0 Line
3 1 1 Line
4 2.5 0 Line
5 5 0 Line
oK Cancel
— O *
+ += fij | Line v‘ = B/ ‘ 4
M X ¥ Type Smoothn...
: Bl Curve 1
bal e [ 1 0 0 Line
i 2 1 0 Line
: 3 1 1 Line
; 4 5 1 Lne
R EErn! EEERRISRRES  EEECEEEEEEEEEE R
i 1
L < 4 0K Cancel

Figurel.134 Time histories fothe clutch and gear identifiers
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ol =)
MepeMeHHble
& IllrvP
P ISP SRR ot NS WA SN S SRS R B
;

0 2 4 5 8 4 3 8
18.527 3580
B rpagun [E=E O =)

MepeMeHHbie
.v:x(Car.Car body) - CkopocTe Toukw (0,0,0) Tena Car.Car body oTHocuTeneHo Basel, CK Car.Car body, npoekuns X

]
18.144

Figurel.135 Enginespeed and car speed vs time

1.9.3.2.2. Speed modes i v = ¢ o argl fiRrofileo

A full automatic control of the transmission is provided in these speed modes, when the
speed is constant or set by a graph depending on time or distance, sed.®%8@.

fiTransmission catrollero .

1.9.3.2.3. Speed mode fiControlo

This speed mode is a combination of transmission control described irl Seg2.1Speed

modefiNeutrab, 1.9.3.3fTransmission catrollero:
- the accelerator pedal and brakes are controlled directly via the identifiers, as described ir

Sect.1.9.3.2.1Speed mod@Neutrab;
- gear shifting is contited of the transmission controller, Se&t9.3.3ATransmission co-

trollero.
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1.9.3.3. Transmission controller

Units Tires Options and parameters Tools Testing area
Identification Tests Transmission Resistance Scanning

Test with driver ~
Parameters Control Varables

Driver model Continuous preview control ~
Set default parameters

Steering parameters

Mame Value "~
Preview time, s 1

Reaction time delay, s 0

Control gain 0.075

Control gain2 0

kd 0.05

KI 0.01 W

Transmission control parameters

Name Value
Clutch disengaging process time(s) 0.2
Clutch disengaged state (s) 0.2
Clutch engaging process time, 1st gear (s) 1.5
Clutch engaging process time, other gears (s) 1
Minirmal interval between shifts (5); 2
Speed control proportional gain (%/(m/s)) 10
Speed control intearal gain (%/m) 0.3
Brake control proportional gain (1/(m/s)) 0.05

Figure1.136. Parameters of transmission controller

The transmission controller is a model of automatic control of the longitudinal motion of the

vehicle when the model has a transmission, SegfiTransmission. SeeChapter22 for general
information about modeling transmissions in UM.

1.9.3.3.1. Parameters for automatic control of transmission

The controller parameters are available on theCwatrol, Figure1.136 The list of parme-

ters contains three groups.
9 Parameters for clutch paldoperation

A typical graph of the clutch pedal position identifier during gear shifting is shown in
Figurel.137. It is important to remembehat the value 0 means the clutch engagedand 1
means the clutch disengagedThe first four controller parameters in the table correspond to the
duration of three time interval¥R YR'Y:

“Y  Clutch disengaging process time(s)
Clutch disengaged state (s)
Clutch engaging process time, 1st gear (S)
Clutch engaging process time, other gears (s)

i3
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1 Minimal time interval between gear shifts
The controller cannot shift the gear if the time interval since the last shift is less then this
value.
1 Parameters focontrol of accelerator pedal
The proportionaintegral control of the accelerator pedal is applied. The controlled variable
is the difference between the desired and current speed of vehicle
0O | Speed control proportional gain
0 Speed control integral gain
1 Braking control
The proportional control of the brake pedal is used.
0  Brake control proportional gain
This control of the accelerator and brake pedals is used grdfscontrol modes described in
Sect.1.9.3.2.2iSpeed modegs v = ¢ oamdfiProfileo

0%

1.9.3.3.2. Gear shift

For gear shifting, a file containing upshift and downshift curves depending on vehicle speed
or engine speed is used, Sdcf.1.3.4fFile with gear shift schedute. Detailed inf
be found inChapter22, file 22 _UM_DrHilevwath gear shiftpschédute. S el cft .
manual transmission is implemented in the vehicle model, then the controller disengages the
clutch before switching the gear, and after switchingyeexit releases the clutclrigure1.137.

Gear shiftingcontrolleris used in speed modesconst,Profile, Control .
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"ﬁ UM - Simulation - chusers\publicidocuments\um software lab\universal mechanismi2023\samples\automotive\vaz2 109 t
File Analysis Scanning Tools Windows Help

Open... F3 ; T

oper | ARBE Ee A D S
eopen

Close Shift+F4 E1EBE B o upw o

Load configuration » Desktop... Ctrl+R

Save configuration » Car simple compare

Exit Alt+X Computation of equilibrium

Frequency response

Gearbox shift

Identifier contral for transmission
last

Owverturn

Reverse motion in curve

Test with stop and run

Figurel1.138 Loading a full configuration

Example

Open the mode€lData UMH\SAMPLESAutomotivedVaz2109 Tin UM Simulationprogram
and load the full model configuratidBearbox shift. Simulationof vehicle motion in a straight
line with variable speed is performed with a constant position of the accelerator pedal 100%,
Figurel.139

Dependences of the vehicle speed on time, graphs of clutch pedal position and gear shiftin

during simulation are shown Figure1.140 During the test, the vehicteaches a speed close to
the maximum speed for a given engine type.

Identification  Tests  Transmission  Resistance  Scanning
Test with driver w

Parameters Contral Variables

[Juse ireqularities
Marco geometry type

(® 2D curve (0 3D testing area
Solver Identifiers Macro geometry file
List of identifiers dentifier control [~ |C:'-lU5ers\Puinc'\Documents'\UM Software Lab\Univers: B?‘l
Test section profile
= ‘ ‘ vaz2109 t.Car
B | 2 | [ use test section profile
Latest identifier file: last.par
r = | =
Whole list Steering Driveline
Speed mode
Mame Expression Value Commen P
hrott] o 100 I O Neutral O Profile ® Ccontrol
rottle_position
O v=const Ov=0

brake_position 0

o Speed control
clutch_position 0

gearbox_position 0 O simplfied @® Transmission

Figurel.139 Options of gear shift test
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Ipagurn E@

Variables
1l vehicle speed

_____________________________________________

&0 20 b0
11.51 5.74
SiE sz
Variables

.Car.clutch_pos'rtion - 1 - Clutch disengaged
.Car.gearbo:-:_pos'rtion

Figurel.140 Longitudinal vehicle speed|utch control and gear shifting

1.9.3.3.3. Accelerator and brake control

This type of control is used only in theconst Profile speed modes, that is, in cases where
the dependence of speed on time or position is known. In these modes, it is possible to estima
the predicted acceleration of vehicle. Thus, it is possible to determine the total drivieg r
sistance force, consisting of the aerodynadnagforce0, tire rolling resistanc&), the gravia-
tional component when driving on an inclined sectionthef road™O and the inertial force
"O & w. The total resistance is

v 0 0 O "8

First, consider the traction mode, that is, the case when it is necessary to press the accelera
pedal by a certain position to realize the required torque on the engine shaft to maintain a givel
speed. Neglecting the losses in the transmission, itssilfle to estimate the predicted value of
the torque on the motor shaft from the power balance

0 1 Y8
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Here] h arethe current values of the angular velocity of the motor shaft (rad/s) and tfie long
tudinal velocity of the vehicle (mysapproximately capled by the relation
0" Qo%
i Qo
The multipliers 3.6 and j1“ convert the transmissiamtio 'Q to m/s / rad/s from the original
km/h / rpm, se€hapter22, s e tentifier for trAnsmission ratio .
The final expression for theredictedengine torque at the current vehicle speed and the gear
position is
0 Moo .,Q Ol g
Qo
Based on the calculated value of the torgue at the current engine speed, the predicted p
sition of the accelerator pedal ¥ 1@ T 1T IS calculated. For this, the enginedae map of
the internal combustion engine is used (Edapter22, s e Engineotorquéimap) . el he
sulting pedal position ithe sum of the predicted valuedatwo terms of proportionahtegral
speeccontrol

- - 5 U {FO0 U O r U 0 Qb

Herev, 0 are the current and desired speeéds  h0 j are the coefficient of the Rbntrd-
ler, Sect.1.9.3.3.1 Pafiameters for automatic controf transmissioa

If the obtained value of is negative, it is set to zero and a transition to the braking mode
is possible. Braking is activated if the sum of the predicted tarqueand the idé torqued is
negative, i.e. engine braking does not provide the desired speed reduction. The brake pedal pos
tion— N Tip is calculated as the sum-ef , which provides the brake force predictive value,
andthe proportional brakeontrol with gqin0 , Sect.1.9.3.3.1 Pafiameters for automatic oe

trol of transmissioq .
- - O O U 8

Example 1. Motion at a constant speed, ascending and descending

Open the moddlData UM\SAMPLESAutomotiveVaz2109 Tin UM Simulation program
Load the full model configuratiow=10. The case study is the motion with a constant speed of 10
m/s. The macrgeometry file containstraightline path on a road with ascending and dedeen
ing sections of 10% with a 100m length of sections. The simulagsults are shown iRig-
urel1.141 The described control system allows keeping almost constant speed.
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Varizbles
1@ Vehicle speed, m/s

Variables
. Car.throttle_position

Accelerator pedal position

Variables
.Car.bmke_pusit\on

b Carbrzke_postion

Time, st

Brake pedal position

Figurel.141 Simulation results for motion with controlled speed on a road with asceawithg
descending sections

Example 2. Motion forward at variable speed

Open the mode|Data UM\SAMPLESAutomotiveVaz2109 Tin the UM Simulation po-
gram and load the full model configuratidest with stop and run Simulation of motion on a
horizontal section of the road with a variable speed is performed. The car accelerates to 10 m /.
slows davn to a complete stognd thenaccelerates again. The simulation results are shown in
Figurel.142

Before and during a stop, the control system disengages thk,dkdaving the second gear.
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Variables

.Vehicle speed, m/s
.Long'n:udinal speed history

wae[CarCar )

Bpems, cex
Simulated and desired speeds
.Car.throttle_position
Y IS4 N S SN 1 A [N S S S
Accelerator pedal position
1l Car.gearbox_position
1l car.clutch_position - 1 - Clutch disengaged
—— —= L —— —= =
0 20 30 0 =0 %0 0
Gearbox and clutch pedal positions
.Car.bmke_pos’rtiun
0 o0 20 3 1 s:ﬂ & 0 E

Brake position
Figurel.142 Results of simulation of motion with varialdpeed and intermediate stop

Example 3. Reverse and forvard motion in curve
Open the modglData UMNSAMPLESAutomotiveéVaz2109 Tin the UM Simulation po-

gram and load the full model configuratiBeverse motion in curve The simulation of motion
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Universal mechanis0 1-132
in a curve along a horizontal section of the road with a variable speed is performed. The ca

moves backward first, then forward. The simulation results are shokrgure1.143

Variables
.Vehicle speed, m/s
.Lung'rtudinal speed history

w0
| v(Car.Car body)

Bpews, cex

Simulated and desired speeds

. Car.throttle_position

] T B ECTE TR EEEEEF SRR

Accelerator pedal position

.Car.gearbox_pos'rtion
.Car.clutch_pos’rtion - 1 - Clutch disengaged

\ RN

2

20

Gearbox and clutch pedal positions

.Car.bmke_posrtion

Brake position
Figurel.143 Simulationresults for reverse and forward motion in curve
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1.9.4. Tests as the main tools for simulation of vehicle dynamics

1.9.4.1. General information

A set of tests realized in UM is a basis for dynamic analysis of a vehicle. Currently-the fo
lowing test types are availabligurel.144
1 Equilibrium test, Sectl.9.4.4
Steering wheel rotation, Se&t9.4.5
Open loop steering, Sedt.9.4.6
Test with driver, Sectl.9.4.7
Car simulator, Sect..9.4.8
Vertical harmonic loading, Sect.9.4.9
Horizontal harmonic loading, Sedt.9.4.10

= =4 -4 4 8 -1

Object simulation inspector

Sobver Identifiers Initial conditions
Object variables XVA Information Road vehicle Tools

=-8-% @
Units Tires Options and parameters Tools Testing area
Identification Tests Transmission Resistance Scanning

Test with driver ~
s
Steering wheel rotation
Open loop steering

Car simulator

Vertical harmonic loading
Horizontal harmonic loading

Macro geometry He
IJ_\_ﬂ |C:'-lUsers'-lPuinc\Documents'\UM Software Lab\Universal Mechanism\2023' g@?‘,l

Tact cartinn nrnfila

Figurel.144. Choice of a test

a) Equilibrium test

Usually this is the first test to bring the new model into the equilibrium state and to store the
corresponding initial values of coordinatd$e test is also important for evaluations of static
forces.

In version UM10, a tool for performing various types of calculations witimraovingcar
has been added to the equilibrium test, for example, computation of amyilegqdency chac
teristics ugg the gliding frequency method.

b) Steering wheel rotation
Test for evaluation of steering ratio and dependence of the steer angle on the steering whe

angle.

c) Open loop steering
Simulation of maneuvers with an open loop control.

d) Lateral driver test
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Simulation of maneuvers with a closed loop control using a driver model.

e) Car simulator

The test can be used both for models with a description of the car's transmission, and withou
it. The test allows the user to contnoleractivelythe motion of a modalsing a spcial window
containing control elementsteering, accelerator pedal, clutch, gear, brake.

f) Vertical harmonic loading
Quasistatic loading with a harmonic vertical force applied to the car body center of mass.

g) Horizontal harmonic loading
Quasisdtic loading with a harmonic lateral force applied to the car body center of mass.

The test can be divided into two groups: tests with locked rotation of wheels (a, b, f, g) and
test with vehicle longitudinal motion and steering control (& .d
Testsfrom the first group have the following features.

o0 Nonzero values of the movement locking parameters are requsect.1.7.9
ALockingwheel rotatiom, 1.9.1.2.2"Identification of wheel rotation locking param
ters');

o Simplified models ofire as planecircle contact elements are usé&hépter 2Force
elements/ Contact forcgshe vertical stiffness and damping constants are equal to
those for theire model;

o lIrregularities and macrgeometry are igored.

Tests from the second group

0 require zero values of movement locking parameters (made automatically)

0 requiremacregeometry files;

o optionallymay use longitudinal velocity functionSéct.1.9.1.3.1fiSetting graphs for
steering wheel angle and vehicle sp&ed

o optionally use road roughsefiles {rregularities;

0 tire models are used.

1.9.4.2. Initialization of test parameters

Most of the tests should be initialized before their usage. In general some of the following
parameters and data could be necessary for a test.
Identifiers
Numeric values
Open loop steering functions
Longitudinal velocity function
Macro-geometry
Irregularities
Driver model and its parameters

= 4 4 4 4 4 4
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Units | Tyres | Options | Tools | Identification Tests | Resistance |  EEES =] X
T - - Wariables 1
Vertical harmonic loading o/ v ettical force
- - . Suspension m...
Parameters “Yariables I Results I = Wl vertical force .. [ :
Verlical force @ M suspension .. osf-ooenonnooond femmmmmemmeanan 3-mmee-
; L [l vettical force 1. r
Suspension movement 1 B suspension m... : :
Vertical force front o Il Toe (eft) i : :
5 . ¢ front = Wl o= (righ) L R SRR B,
uspension movement fron Bl Carber let - i i
Wertical force rear [ Camber right : :
Suspension movement rear P EI SO
Toe (left) [ : :
Toe [right) [ : :
Camber left LR aatat SEEEEEEREE RS,
Camber right : :
i i
] 0.4 0.8
\ | | | | y

Figurel.145 Dragging test variables in graphic window

Along with the typical way of creating variables in the Wizard of Variables@Cbepterd of

t he

variables for eackest are placed on thab Road vehicle | Tests | VariablesTo build graphs of
variables, simply drag the desired variables with the mouse into the graphical wifidew,

urel.145
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1.9.4.4. Equilibrium test

Object simulation inspector

Sobeer Identifiers Initial conditions
Object variables VA Information Road vehicle Tools
= - A - ‘ L@
Units Tires_______ ptions and parameters Tools Testing area
Identification : Transmission Resistance Scanning
Equilibrium test o

Parameters Variables Results

Type of compuation
(® Initial coordinates (C) General computation
Se Iregulares

Automatic test completion

Accept coordinates after test finish

[J Flexible horizontal contact of tires with road

Block horizontal movement of car body
Mumeric parameters

Name Value
Kinetic energy for stop (1) 0.001
KE evaluation time interval (s) 3
Minirmal time (s) 5
Integration Message Close

Figure1.146. Modes of equilibrium test. Computation of initial coordinates is active

This test is performed with paked vehicle, the rotation of the wheels is automatically
blocked, Sectl.7.9ALockingwheel rotatiow 1.9.1.22 fildentification of wheel rotation locking
parameters . To prevent horizont al di spl acement
Figurel.146
1  Block horizontal movement of car body

When this function is enabled, the center of mass ofdhbody of eactvehicleand trailer

is blocked by a linear elastdtissipativeforce elementShift in two horizontal directions
(stiffnessconstantl T 1 NYm) androtation aroundhevertical axis (stiffnessonstantt T & 0
Nm) are locked The damping constaniepend on themassof the car body and provides
the 30% dampingratio for the corresponding degrees of freedom. For example&laimping
constanfor the horizontal degrees of freedomTgpI0 &, wherem is the mass of the body,
K= 1 T “is@he stiffnessonstant

9 Flexible horizontal contact of tires with road

When the option is on, the contact points of the wheels are elastically connected {® the su

porting suface. For locking, thetaticstiffness coefficients in the longitudin® and trais-

verse'Q directions are used, which are specified in the tire model, seelSeetfiFIALA

tire modeb.

These two methods of blockirtge horizontal movement are mutually exclusive. It is-re
ommended to set only one of them, depending on the selected test mode, see the description
the mods below.
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Test with astandingcar has two moddsigure1.146
M Mode for computation of initial coordinates
1 General type simulation withunmoved vehicle

1.9.4.4.1. Mode for computation of initial coordinates

This mode is usually the first and necessary calculation for each vehicle model. Here are the
goals of the calculation:

1 determine and save the iait values of the coordinates corresponding to the equilibrium
position;
{1 calculate and save the static load and deflection for the wheels;
1 determine the values of applied and reaction forces in the equilibrium position.
The test is performed for aliehicle loading options, as well as when changing suspension
parameters and tire models that affect the calculated values in equililseersect1.9.4.4.3
AExample for computation @fitial condition.

Identification Tests Transmission Resistance Scanning

Equilibrium test ~

Parameters Variables Results
Type of compuation

(@ Initial coordinates () General computation

[JUse irreqularities

Automatic test comnletion:

Accept coordinates after test finish

[JFlexible horizontal contact of tires with road

Block horizontal moverment of car body
Mumeric parameters

Name Value
Kinetic energy for stop (1) 0.001
KE evaluation time interval () 3
Minirmal time (s) 5

Figurel.147. Parameters for computation of init@ordinates

The test is considered as successfully completed if the kinetic energy of the vehicletKE) du
ing the assessment interval is less than the specified threshold Mgues1.147. By default,
the threshold value of the KE is 0.001 J, and the evaluation interval is 3 s.

The test is performed for all vehicle loading options, as well as when changing suspensior
parameters that affect the calculated valuesgyunlibrium

Follow these steps to run the test
1. Open the equilibrium test and set its parameters and options

Use irregularities

Usually this option is disabled, since it is desirable to assign the initial position of the car on
a flat horizontal surfaceith zero vertical coordinate. The option is enabled when the intial p
sition of vehicle is shifted forward, so that the irregularities must be taken into account. In this
case, the equilibrium will be computed taking into account the height of thelarégunder
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each of the wheels. The initial conditions found in this way may not be suitable for other tests,
for example, with other irregularities or with a different initial position of the car.

Automatic test completion

If this option is enabled, thest will finished automatically at the moment when the program
has determined that the test has been completed successfully. That is, wkieetibhenergy
(KE) is less than the threshold value at the specified time int8iivaluser can set tminimum
test execution time, the default value is &sdthe simulation will continue until this interval
expires.

Accept coordinates after test finish

When this option is enabled, the program sets the calculated values of the model coordinate
as the curent ones in case of successful completion of the test. The accepted coordinate value
are available on thanitial Conditions tab of the simulation inspector. It is recommended to
save these values to a file.

It is recommended to disable the optiexible horizontal contact of tires with road and
enable the optioBlock horizontal movement of car body

2. Click the Integration button to start the simulation process.

It is convenient to observe the process of calculating the equilibrium position by di@awing
graph of kinetic energy. To do this, open a new graphical window before starting the calculation
process and drag the corresponding variable into it with the miigsee1.148 An example of
a graph is shown iRigure1.149

Object simulation inspector

Solver Identifiers Initial conditions
Object variables XVA
Information Road vehicle Tools

=-B8-% &
Units Tires Options and parameters Tools

Transmission Resistance Scanning
Testing area Identification Tests

Equilibrium test ~

[~ rpadmkn [ [ & Pammeters Variables Resufts

Variables 4 Kinetic energy
M Kinetic energy

Integration Message Close

Figurel.148 Test variable: kinetic energy e&hicle

3. When the automatic test completion mode is enabled, the simulation duratmmtrisled
by the program, as described above. If the test is successful, the message "Simulation ove
appearslf the automatic completion is disabletle user cairake simulation any moment
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to store the appropriate coordinates. The stop the simulation, eitliesakey or the button
[l in the process windoare usedFigure1.150,

Variables

------ 40

Q 04 0s 12 16 2 4

Figurel.149 Example of kinetic energy plot while computation equilibrium position

Simulation time (s) 9.04
Duration time (s) 5.672
[] 5tep duration (s) 0.00026454

[ step size (s) 0.0
Pause (R [+

I

Figure1.150 Pause button

Object simulation inspector
Sohver statistics Soher Identifiers
Information Road vehicle Toolks
Solver options Type of coordinates for bodies Initial conditions Object variables XVA
Simulation process parameters _
Coordinates Constraints on initial conditions
Solver Type of solution .
. a, = =
cor 2)Loadfile =B @ ® O« w| ¥
ABM O Null space method fazatody / =
Park No. v Coordinate / locity " |
Gear 2 (®) Range space method (RSM) 1.1 2.6017
Park Paralel 1.2 s0s77] 3) Set zero velocities
Time t]> ~ 20 1.3 0.0001 erereererermers v
Step size for animation and data stnmge 14 SIIEHAS/BIES | O
Eror tol e 04201203 0
froroerenee 4) Save to *.xv file pazsa1700 o
Delaytoreal i) 1) Sgvecurrent coord- Trorha0s7 0
DKEED system H 1.8 0.133486408543 ]
M computation of NAtes to *.xv file : :
O . 1.9 2.05169479792E-6 ]
Block-diago v
< >
Message dx= 0.1 | da=| 0.1
Continue Message Save Interrupt Integration Message Close

Figurel.151 Equilibrium position as initial conditions
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After the end of the numerical simulation, tRausewindow appears. In this mode, thercu
rent coordinate values can be written to a *.xv file for further Bggre1.151, Step 1. This file
can be read on tHaitial Conditions tab, Fig. 12.153, Step 2. It is recommended to set zéro va
ues of velocities, Fig. 12.153, Step 3, and save the coordinate in the file again, step 4.

However, if theAccept coordinates after test finishis enabled, then the initial conidihs
will be assigned automatically upon successful completion of the test.
4. Click on thelnterrupt button in thePausewindow to finish the tesFig. 12.153, left

In case of successful completion of the test, you will be promptaddept the resultssaa
standard Figure1.152 We are talking about the static deflection of each tire and the loads on
the tires in the equilibrium position. This data is required to perform dynamic tests with the veh
cle model. The values calculated and accepted as a standard are displayeaad thehicle |
Tires tab,Figurel.153 These results are stored in the car model configuration file *.car.

MoATEEpHKAEHNE

Test succeed
Accept test results (static load and deflection of tires) as a standard?

I =

Figurel.152 Confirmation of successful test completion

Object variables XA Information Road vehicle Tools
=-B- % @
Identification Tests Transmissian Resistance Scanning
Units Tires Options and parameters Tools Testing area

Combined slip
[Jsimulate transient process in tyres
Contact model
® Single point (O Multipaint
Set of tire models
1. d:\umb0_waork\bin\car\tire\fiala.tr

+ f

@
Wheel Model  Stat. load  Deflection  Axle group
var2109 t.Car.Tyre FL  fiala 3.50kN 28.7mm Common
vaz2109 t.Car.Tyre FR  fiala 3.54kNM 28.3mm Common
vaz2109 t.Car.Tyre RL  fiala 3.15kN 25.2mm Commaon
vaz2109 t.Car.Tyre RR  fiala 2.82kN 22.5mm Common

Figure1.153 Accepted results of equilibrium test for tires

5. Open thelnitial Conditions tab in the simulation inspector. If necessary, read the initial
conditions file created in step 3, setogies to zeroFigurel.151, Steps 2,3. In any case, it
is recommended to create a file with calculated equilibrium values of coordinates,
Figurel.151, Step 4.

6. Open théVehicle | Tests | Resultsab in the simulation insp#or. The results of the equoh
rium computation include the values of the static forces and deflections of the~iges,
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ure1.154. If the calculation results ar@naccepted on requesthigurel.152 the wser can
get the samactionby clicking on theAccept as standardoutton.
These datavill be used by the UM software tcetermine the initial speed of rotation of the

wheels corresponding to the initial vehicle speed, and the static values of the wheel load take
into account in th&la ¢ A d a@maér model.

Identification =~ Tests  Transmission  Resistance  Scanning

Equilibrium test ~

Parameters Variables Results

Fz (vaz2109 t.Car.Tyre FL) 3.59kN
Fz (vaz2109 t.Car.Tyre FR) 3.54kN
Fz (vaz2109 t.Car.Tyre RL) 3.15kN
Fz (vaz2109 t.Car.Tyre RR)  2.82kN
dz (vaz2109 t.Car. Tyre FL) 28.7mm
dz (vaz2109 t.Car.Tyre FR)  28.3mm
dz (vaz2109 t.Car.Tyre RL)  25.2mm
dz (vaz2109 t.Car.Tyre RR)  22.5mm

Accept as standard

Figurel.154. Computed static values for tires

The initial angular velocity of the wheels is calculated from the given vehicle spesttl
the radius of the wheel in the equilibrium position Q &

0]
Y

1.9.4.4.2. General type simulation with unmoved vehicle

Units Tires Options and parameters Tools Testing area
Identification Tests Transmission Resistance Scanning

Equilibriurm test

L

Parameters wariables

Type of compuation

(O Initial coordinates (® General computation

[JUse iregularities
Flexible horizontal contact of tires with road
[ Block horizontal movement of car body

Figurel.155 The mode of studying the properties of an unmoved vehicle

In this mode, the user can analyze the dynamic properties of an unuehielé Here is the
list of some problems to be solved.

1 Response to a force excitation, for example, to a harmonic or step excitation.

1 Response to a kinematic excitation, such as a rotation of steering wheel, or toe anc
camber adjustments.

Before executing the test, it is required to bring the model to anitequih state, as et
scribed in the previousection

This type of simulation requires enabling the optiaxible horizontal contact of tires
with road and disabling the optioBlock horizontal movement of car body
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To perform such study, introduction ddditional elements into the car modeluisuallyre-
quired: force elements for excitation modeling, kinematic elements for simut#tiitnematic
excitation etc.

1.9.4.4.3. Example for computation of initial conditions

Y% UM - simulation - chusers\public\documents\um software lab\universal mechanism\2023\samples\automotive\vaz2109 t

File Analysis Scanning Tools Windows Help

0 F3 i H nfn

2% |Hm ARHE S L S BS
eopen

Close Shift+F4 B EE B o u o

Load configuration » Desktop... Ctrl+R

Save configuration » Car simple compare

Exit AltX Computation of equilibrium

Frequency response
Gearbox shift

Figure1.156 Loading full configuration

Solver Identifiers Initial conditions

Coordinates  Constraints on initial conditions

=B @ © 0|~ w|y
[vaz2109 t. -
No. b ¥ Coordinate Velocity Comment ~
1.1 0 0 Car.jCar body 1c
1.2 0 0 CarjCar body 2c
1.3 0 0 Car.jCar body 3c
1.4 0 0 CarjCar body 4a
1.5 0 0 CarjCar body 5a
1.6 0 0 Car.jCar body 6a
1.7 0 0 Car.jStrut rod left-5tn
1.8 0 0 Car.jStrut rod right - £
1.9 0 0 CarjCar body - Rear-a
1.10 0 0 CarjCar body - Rear-a
1.11 0 0 Car.jCar body - Rear-a: »
< >

a)

Object variables XVA Information Road vehicle Toaols Object variables XVA Information Road vehicle Tools

=- 8- % = 8- Y

Identification Tests Transmission Resistance Scanning Units Trres Options and parameters Tools Testing area

Units Tires Options and parameters Tools Testing area Identification Tests Transmission Resistance Scanning
Combined slip Equilibrium test v
[ simulate transient process in tyres Parameters Variables Results

Contact model Fz (vaz2109 t.Car.Tyre FL) J| 0.00kN
(®) Single point (O Multipoint

Fz (vaz2109 t.Car. Tyre FR) 0.00kN
Fz (vaz2109 t.Car.Tyre RL) 0.01kN
Fz (vaz2109 t.Car.Tyre RR) J| 0.00kN
dz (vaz2109 t.Car. Tyre FL) 0.0mm
dz (vaz2109 t.Car.Tyre FR) | 0.0mm
dz (vaz2109 t.Car. Tyre RL) | 0.0mm
dz (vaz2109 t.Car.Tyre RR) | 0.0mm

Set of tire models
1. d:\umb0_work\bin\car\tire\fiala.tr
+ 0 @

Wheel Model  Stat. load § Deflection || Axle group
vaz2109 t.Car.Tyre FL  fiala 3.27kN 0.0mm Common
vaz2109 t.Car.Tyre FR  fiala 3.27kN 0.0mm Common
vaz2109 t.Car.Tyre RL  fiala 3.27kN 0.0mm Common

vaz2109 t.Car.Tyre RR  fiala 3.27kN 0.0mm Common Accept as standard

b) c)
Figurel.157. Values before test runoordinatega), static load and deflection of tir¢is,c)
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Openthe modefData UMNSAMPLESAutomotiveVaz2109 T Loadthe full configuration
Computation of equilibrium, Figurel.156. Make sure that the model coordinates and e d
flections take zero values in this configuratiéigure1l.157. The test parameters correspond to
the standard values Figure1.147.

Run simulation by théntegration button on the inspector

After t he unleastsiaogne ofivSeirnb, t he program goes
kinetic energy of the car is shownkigure1.158

Exit the simulation by clicking thinterrup t button. Confirm the acceptance of the results as
a standardfigure1.152

Test completed successfullome results are shownkigure1.159

o E R

Variables
[ M kinetic energy

o
4.858 40.43

Tpagukn -
Variables EI-@
Winetic eneray’

9.24599999999999 0.00085599999999999¢

Figurel.158 Kinetic energy vs time
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Coordinates Constraints on initial conditions

=B @ ® 0|« vy

\vaz2109 t. -
Mo. i~ ¥  Coordinate Velocity Commen
1.1 2.60178925628E-5 0 CarjCar
1.2 6.08773765632E-0 0 CarjCar
1.3 -0.00915359444048 0 CarjCar t
1.4 -1.35946545781E-5 ] CarjCar t
1.5 -0.00164504291293 0 CarjCar
1.6 -0.00245332641709 0 CarjCar
1.7 -0.136299431957 1} Carjstru
1.8 -0.133486498543 1} Carjstru
1.9 2.05169479792E-6 o Car.jcar
1.10 0.000366911570703 0 Car.jCar t
1.11 -0.00446279348351 o CarjCart w
a)
Identification I Tests Transmission Resistance Scanning Units Tires Options and parameters Tools Testing area
Units Tires Options and parameters Tools Testing area Identification Tests Transmission Resistance Scanning
Combined slip Equilibrium test -
[ simulate transient process in tyres Parameters Variables Results
g';?;ergz?:t' - Fz (vaz2100 t.Car.Tyre FL) || 3.59kN

Fz (vaz2109 t.Car.Tyre FR} J 3.54kN
Fz (vaz2109 t.Car.Tyre RL} J 3.15kN
Fz (vaz2109 t.Car.Tyre RR) J 2.82kN
0 dz (vaz2109 t.Car. Tyre FL) 28.7mm
dz (vaz2109 t.Car. Tyre FR) 28.3mm
dz (vaz2109 t.Car.Tyre RL) J 25.2mm
dz (vaz2109 t.Car.Tyre RR} | 22.5mm

Set of tire models
1. d:\umb0_work\bin\car\tire\fiala.tr
+ @

Wheel Model . Deflection J| Axle group
vaz2109 t.Car.Tyre FL  fiala - 28.7mm Common
vaz2109 t.Car.Tyre FR  fiala - 28.3mm Common
vaz2109 t.Car.Tyre RL  fiala 3 25.2mm Common
vaz2109 t.Car.Tyre RR  fiala . 22.5mm Common P
b) 0)

Figurel.159 Test resultscoordinateqa), static loads and deflections (b, c)
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1.9.4.4.4. Frequency response of a passenger car

Consider an example of computation of a frequency responsa fomaoved passenger car.
Using the equilibrium test, oscillations are calculated taking into account thknearnty of
forces, that is, the oscillations are Aorear. To compute the respge, the gliding frequency
method is used.

Additional element in the vehicle model
First, consider which elements are created in the model to perform thisoedtthe model
{Data UMI\SAMPLESAutomotivaVaz2109 Tin UM Input program

B
Name: |Excitation |+ fii
Comments/ Text attribute C
Bodyl: Body2:
|BaseD - ||Car.Car body - |
Reference frame |Easel2| - |
Reduction point : Car body
v [ Object |:(_ext C“v_ext C||.a:_t-n-tt C|
v -} Object —
Lagh Curves Type of dgscrlptlon .
LR Variables ® Expression O File
i..ab i
e 87 Attributes
Force:
>[5 Subsystems 5
L6 Images |f:-:_ext |
-5 Bodies |f.', et IJ|
ﬂ Joints —
&5 Bipolar forces |fz_ext ]
-G Scalar torques Moment:
-~= Linear forces |rr|:-c oxt p|
[my_ext a
Excitation
p
ire harmaonic torque |mz_e:n:t |
Special forces 1=[10 d7=[0.01 —
e e e =

Figurel.160. Excitation as &-force

A T-force Excitationhas been introduced, which will be used to model the excitation force
and moment. The force is applied to the car body. Coordinates of the force attachment point
force and moment component are parameterized by identifiers. Saugil@ry identifiers ae
added as well

ext_ampl excitation amplitude

e_exti rate of the excitation frequency growth Hz/s

FreqOi start value of excitation frequency, Hz

Note that in this car model, the origin of thedy-fixed system of coordinatds located in
the cente of mass of thearbody. Thuswhen the coordinates @iint of force applicationare
zeroestheexcitationforce is applied to the center of mass ofc¢hebody.
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3
Mame: |Carboc|',r | + 'h ]

Commentsy Text attribute C

Orientad paints Vectars 3D Contact
Parameters Position Points
+®E SO
Llae X X 2
Excitation point  X_ext v_ext Z_ext

3
@ Object Vaz2109 T General Options Sensors/LSC Variables Curves Attributes
+ o+
v - Object
Type Name Expression
— —
z_excitation dz{ "Car.Car body.Excitation point” , , )
f(t) Frequency_Hz FreqD+e_ext™t
v (B Subsystems _ o _ .
- = Car f{t) Harmonic_Excitation ext_ampl*sin{2*pi*(e_ext*t™2/2+Freq0™t))
% Images flt) Step_function ff(t-1, 0, 0, ext_ampl)

Figurel.161 Parameterizedonnection point for car body andriable, which ighe vertical o-
ordinate of this point

We will draw aplot of the vertical displacement of the point to which the excitation force is
applied. To do this, a parameteriZégcitation pointwas added to theonnection points of the
car body Figurel.161, top) and a kinematic variable excitationvas created equal to thertie
cal coordinate of this point relative to CKBidurel.161, bottom).

Building frequency response in UM Simulation

"B, UM - simulation - chusers\public\documentsium software lab\universal mechanism2023\samples\automotive\vaz2109 t

File Analysis Scanning Tools Windows Help

Open... F3 H = L X
P A ARDE ES L P B
Reopen >
Close siers | B BB B O KO
Load configuration ¥ Desktop... Ctrl+R
Save configuration > Car simple compare
- Comautation of oouilibring
Exit Alt+X

Frequency response
GEarnox snit

Identifier control for transmission

last

Qverturn

Reverse motion in curve
Test with stop and run
V=10

BozmyLieHwe

Figurel.162 Loadingthe full configuratiomiFrequency responge

Open the modg]lData UM \SAMPLESAutomotiveVaz2109 Tin UM Simulation program
Load themodel full configurationFrequency responsgFigurel.162 The model has already
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been brought into equilibrium. In this configuration, the general calculation rsosk in the
equilibrium testFigure1.155

1) Assignment of a time function to the force identifier
In the loaded configuratiom harmonic excitation with a glidifgequency is assigned tbe
vertical force component specified by the identifeerext
A2 A0 ADQ e AE®A WO ARG
Theldentifier control tool is used for this assignme#t variable Excitation (t) was created in
the Wizad of Variables. The variable is the function of time, corresponding to the right side of
this expression. Let us show how this variable can be opened in the wizard for viewing-and po
sible modificationfigure1.163
1 Open the talidentifiers | Identifier control in the simulation inspector
91 Double click by thdeft mouse button the line with the identifiefz_ext to open the
window for identifier control description
1 Click by theright mouse buttormn the box with the name of varialicitation (t) to
call the popup menu
1 Select the comman@pen ordinate in the Wizard of variables

Y& Identifier control @
XVA Information Road vehicle Tools Enabled
Salver Identifiers Initial conditions Object variables [ compute after kinematics
List of identifiers Identifier control Refresh dependent elements
Identifier
= -8 + m |h_e:-:t g|
[dentifier Comment Number of elements to refresh: 0
fz_ext Assign value to identifiers with the same name
g g:zﬁ (® Mo Al (O In subsystems
[ rx_ext Comments
O my_ext |
[ me_ext:
Oz ext Ordinate
Type of description
() Points (® Variable
Assigned variable
Excitation (t) |
Muttinlier Open ordinate in the Wizard of variables...
Open x-coordinate in the Wizard of variables...
X-coordinate
Type of description
Time Variable
¢ i Variable Time
Integration Message Close
Accept Cancel

Figurel.163 Steps to openaariable in the wizard

Let us explain how this variable was creatBdyure1.164 First, the variable identifiers
e_ext ext_ampl Freq0 are placed in the container on tlientifiers tab of the wizard, (by the
way, now, at the stage sfewing the variable, and not creating it, these variables can be sent to
the container using the buttc ¢ on the left side of theExpression tab,
Figurel.164). Then the desired function is programmed line by line. The created variable should
be dragged with the mouse into therrespondingbox of the Identifier control window,
Figurel.163
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= Variables for group of bodies D Road vehicle O T-Forces -G Scalar torques = Linear forces
- Reactions [? Coordinates (®) Solver variables =5 Al forces id Identifiers 2 Contact forces
& Contact forces for bodies Fi Variables & Bushing o Gearing wli Rack and pinion % Driveline

B, oint forces ﬁ? Bipolar forces A Angular variables 4 Linear variables b Expression 3. User variables

FHZEEF

I
e
o] R
I
e o —————
i [coe] ] ]
D etampl
¥
|Exc'rmtion (t) |||Gliding frequency excitation a*sin(2*pi*(e*t/2+f0)*"t) |
e_ext
ext_ampl
Freql

Figurel.164 Variable Excitation (t) in the wizard of variables

2) Assignment of coordinatex the force application point

Coordinates (1, 6, 0) are sect to the force application point in the bbdgd SG
Figurel.165 Figurel.166.

WHTerpatop VneHTUDHKaTOpHI HauankHele YCNoBMA
Cnncok naeHTudnKaToOpo.  YnpaeneHue WAEHTUDWKATOPAMH
= B | 7| a9t |

MNocnegHwii dain napaMeTpos: 1.par

Beck cnvcoK

NmMa BrlpaeHue 3HaueHue KoMMeHTapui
vl ]

X_ext 1

y_ext 0.5

7_ext 0

- . ~l

Figure1.165. Identifier values
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N Excitation force

Figure1.166. Excitedoscillations of a car

3) Creating variables for plotting

The following variables arpresentean the frequency response plots in the example:
dz_excitations the vertical displacement of the application point of the excitation force;
the displacement in thdifference between the Z coordinate of this point (the variable
Z_excitatiorcreated in the UM Input program, seigurel.161) and the value of thisoe
ordinate in equilibrium position specified by the identifi@rFigure1.167, top,
om:x(Car.Car bodyis the angular velocity of the car body about X axis
om:y(Car.Car bodyj is the angular velocity of the car body about Y axis

Plots of variables are drawn in dependence on the excitation frequency in Hz given by the

variableFrequency (Hz) A = A @ O ¢ QFig&ren1A 67 bottom

B WapHupheie cnel & BUNONAPHLIE CUALI fu ¥rnoewe nepemennie o NuHeiidbie nepemennnie | 2P Bulpamexue
FZEEE = e, -

|dz_excit3tion |”Vertic:|l displacement of excitation point relative to equilbrium position |

2 IapHUpHLIE CHbl ﬁ EMnonApHLIe cunsl A VrnoBble nepeMeHHbe 4 NuHeliHule nepeMeHHLe ab BhlpameHue

FEEEE | X —
- I b
[Pz [Py [Pz 11|« ]

| ﬁ |
|Frequency (Hz) ||| |

Figurel.167. Vertical displacement of the foreg@plication point (top) and dependence of the
excitation frequency in Hz on time
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4) Computation of the stationary value of vertical coordinates of force application point

For the correct calculation of tliz_excitatiorvariable, it is required to assign teetident
fier z0 the value of the coordinate of the force application point in the equilibrium position. To
do this, perform an auxiliary calculation widxt_ampt0, z0=0. The value of the variablé-o
tained by integration on the chart dz_excitation = P.l88&ssigned to the identifier z0.

5) Assignment of identifier values for excitation

e_ext 0.02

ext_ampl 500

Freqd 0

z0 0.682 Static Z coordinate of excitation point in SCO

In our example, the frequnce rate identigeextis 0.02Hz/s, and the excitation force ampl
tudeext_ampkE500N.

6) Computation of frequency response

Run the integration process witte given values of identifiers. The dependencies of thie va
iables on the excitation frequency are showirigurel.168 Please net that the variabl&re-
qguency (Hz)s set in plots as abscissadxis), and the simulation time was 300 s.

The amplitude characteristics correspond to the envelopes of the obtained curves.

In the pause mode, copy the calculated variables as static fotldveng compare with the
linear analysis.

L= & ]

Variables

.Frequeno,r (Hz)

.Dm::-:(Car.Car body) - Angular velocity Car.Car body relative Base(, SC Basel, projection X
.om:y(Car.Car body) - Angular velocity Car.Car body relative Basel, SC Basel, projection Y

Lo (& &3]

Variables

.Frequeno,r (Hz)
.dz_e:n:c'ﬂ.?tion - Vertical displacement of excitation point relative to equilibrium position

Figurel.168 Frequency response results
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7) Comparison with linear analysis

Close theSimulation inspector and open thé&tatic and linear analysis windowusing the
main menu commandnalysis | Static and linear analysisThe analysis settings must contain
the enabled locking of wheel rotation and wheel contact with the Fogute1.169, left.

Calculate thenatural fequencies of the model on tieequenciesEigenvaluestab, Fig-
ure 1.169, right. Someof the lower frequencies is present on fileguency respongaotsin Fig-
urel.168

Open thelinear vibrations tab. The vibrational analysis sett;igorrespond exactly to the

above numerical simulatiofrigure1.170. Perform the calculation by clicking on t& button
anddragthe conputed variables to the corresponding graphical windows with simulation results.
Comparison of the frequency response obtained by nonlinear (integration of nonlinear equations
and linear analysis is shown Figurel.171 The results of the linear vibration analysis are
drawnby markers. The significant differencensainly due to the strongly nbnear damping
characteristic of shock absorbdrgyurel.172

Y%, static and li lysi
U&Statl'candll'nearanal},rsis E@ e Ir‘learanajis
= g 4 S »r B E @ 4

Equiibrium Frequencies/Eigenvalues Root locu
Linear vibrations Identifiers Initial conditions Options o s d

: Frequencies and modes
General options Pparameters Forces Save to file [ save matrices to file
Equilibrium computation type Method of analysis

(0 Salving equations (® Integration of equations of moti Lanczos algorithm QR algorithm

[ Autormatically compute equilibrium
: MNo.  f(Hz) A
[J1nterrupt iterations when singular Jacobian ! 0
[Juse LU decomposition 2 4.94887E-8
[Iskip animation during equilibrium computation 3 1.1654
[Juse equation of 4th order in QR algorithm 4 1.56176
Parallel calculation 3 1.04368
[ use threads 6 2.81607
Mumber of threads (max 8) |7 A 7 3.33271
8 4.21791
Wheeled vehicle o g 8.78461
Lock horizontal shift of car body during equilibriurm computation 10 8.2997
Lock road/tire contact during equilibriurm computation
. 11 8.47706
Lock wheel rotation
12 16.0078
13 24.5467 v

Figurel.169 Settings follinear analysis and natural frequencies of the meae2109 T
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"2 static and linear analysis E\@

! T = @ %

Equilbrium  Frequencies/Eigenvalues Root locus Linear vibrations Identifiers Initial conditions Options

Type of calculation
= B8+ f ez
® Amplitude (O Phase
Frequencies (Hz): 0,6[151] . ;
X —
Enabled File name: |v312109 tExXC
Excitation type Bez MMeHK
® Forced O Kinematic O Inertial Name Comment
Frequency (Hz)
Body: |Car.l‘_lar body hl | Excitation (t) Gliding frequency exctation a*sin(2*pi™{e™*t...
Component: forz » om:x(Car.Car b... ¥rnoeas ckopocTe Tena Car.Car body oTHOC...
’ omey(Car.Car b... ¥rnoeas ckopocTe Tena Car.Car body oTHOC...
Image... dz_excitation Vertical displacement of excitation point rela...
Amplitude (kN/kNm) 0.50000
Frequency factor 1.00
Phase (degrees) 0.000
¥ (m) 1.00000
¥ (m) 0.50000
Z{m) 0.00000
eX 0.00000
ey 0.00000
eZ 1.00000

Figure1.170 Settings for linear vibration analysis

il

Variableom:y(Car.Car body)
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T

Variabledz_excitation
Figure1.171 Comparison nonlinear frequencypense with linear one

-0:08 -0:04 0 0. 0.8

Figurel.172 Damping characteristics of shock absorbers in the maae2109 T

8) Additional and alternative features
1 Harmonic oscillation with a constant frequency

If the growth rateof the frequencye_extequals zero, one gets a usual harmonic excitation
with a frequency specified by theeqO identifier. For example, &reg0=2 we have a harmonic
excitation with a frequency of 2Hz. Thus, the user can get the same results a¥antitied
harmonic loading test by setting the desired point of applicatiothefforce. Similarly, the user
can form the conditions of theorizontal harmonic loading test by assigning the excitation to
the identifier of the lateral fordg_ext

1 Assignmentof excitation to another force or moment components

List of identifiers Identifier control
=-B +® 6

Identifier Comment
[0 fz_ext Vertical excitation
] fy_ext
[ fx_ext
O m_ext
1 mmy_ext
[ mz_ext
[0 fz_ext fz_ext step function

Figurel.173 Control of identifiefy_extis actvated
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If we assign the same tinfenctionto other identifiers corresponding to the components of
the excitation force and moment, then we can simulate the excitation from the desired projection.
disabling the other. For exampleigure1.173 shows the case when extibns are created for
all six components, but only the lateral force is enabled.

1 Other types of excitation

Along with the harmonic oscillations, other types of excitations can be realized, for example,

a step function respondeigure1.174, Figurel.175

Figurel.174. Stepfunction

B WapHupHsle cunsl & BUnonspHLE cHnb £ Yrnosue nepemMeHHble 4 Nuueiinbie nepemenHue b BolpameHne

+ /=] IF i < 1
_X1:: 0

Pz | Py |[Fz| ||| | = ELSE

Hlz= ext_ampl

EMDIF

_xZ::l x1 X -1

sqrt|| sign| |atan|| In || exp

X || zin || cos || abs|| pow
i

Step excitation ||I | ¥

Figurel.175 Variable implementing the stépnction

1 Alternative methods for setting excitation functions

Above in this section, we only considered the method of setting time functions using the
wizard of variablesKigurel.164, Figurel.167, Figure1l.175. There are two simple ways to
describe these functions in the UIM Input program.

Thefirst way is to directly set the force components as functions of figeirel.176.

The second wayis to create variables as time functions in the UM Input program,
Figurel.177. To access these variables in the UM Simulation, use the wizard of variables as it is
shown inFigure1.178 The variable is assigned to an identifier in the standard way dddhe
tifier control tab.
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[

Wma: |E:(c'rGtion | + ﬁi
KoMMeHTapuid/ TekcToswlid aTpubyT C

| |
Tenol: Teno2:

|BaseD - ||Car.Car body - |
3apate B CK Tena |BaseD - |
Touka npueeneHus : Car body

|x_ext = ||y_ext = ||z_ext = |
Cnocof zaganus

(® BuipaxeHue O waiin

Cuna:

| ?]

[
ext_ampl_z*sin(2*pi*(e_ext*t~2/2+Freqo*t)) P
T J

| °]
| "]
| °]

Figurel.176. Direct description of time functions in force declaration in UM Input

@ Inspector - O *
@ Object Vaz2108 T General Options SensorsfLSC Varables Curves Attributes
+ 4@
w [ Object
hd @ Object Type  Name Expression
~ooh Curves A var z_excitation| dz( "Car.Car body.Excitation paint”, , )
Fe9 Variables ! "4 - =

e acb Attributes (t) Frequency_Hz Freql+e_ext™t
b E Subsystems f(t) Harmanic_Fxcitation ext_ampl*sin(2*pi*( e_ext*t~2/2+Freqi*t))

: o El Car f(t) Step_function if{t-1, 0, 0, ext_ampl)

& Images

Figurel.177. Description of variables as time function in UM Input

"E. Wizard of variables

=2 Variables for group of bodies €0 Road vehicle
.ﬁ' Bipolar forces A Angular variables

[% coordinates (¥) Solver variables

#® Contact forces for bodies Fi9 Variables

@ T-rorces -G Scalartorques = Linear forces B Joint forces

4 Linear variables b Expression a,.a User variables ¥+ Reactions
=5 Al forces id Identifiers i Contact forces

& Bushing o Gearing i Rack and pinion Q2 Driveline

Selected (total 3)

X5

EIIEI vaz2109 t ~

|Frequency_Hz, Harmonic_Excitation, Step_function

~| Freguency_Hz
~[#] Harmonic_Excitation

W

Frequency_Hz, ... || User variable

il

Frequency_Hz
Harmonic_Excitati...
Step_function

Figurel.178 Access to variables created in UM Input program
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1.9.4.5. Steering wheel rotation test

The test computes dependence of steer angles on steer wheel rotgiasticutar,it allows
the user to estimate the steering ratio.

The test requires
1 Identification of wheel rotation locking parametarsd strictly positive values of thesa-p
rameters.
1 Identification of steering

Test starts from the equilibrium position of the vehicle and consists in rotation of the steering
wheel according to the formula

| % O KT Qo
where® HQ are the amplitude (rad) and the frequency (Hz) of rotation of the wheel. Taese p
rameters should be set by the usegure1.179,

Tyres |Irregu|arities|TDDIs |Identificatiu:un Tests |

ISteering wheel rotation j

Farameters |Variab|es | Results |

~Mumeric parameter
MName Value|
Amplitude rac)[3
Frequency (Hz) [0.25

Integration | Message | Close

Figure1.179 Parameters of steering wheel rotation test

Parameters Yariahles |Results|

Steerwheel angle
Toe (leff)

Toe (right)

Steer ratio

Figure1.180 Variables of the test

Four standard varialdeare available with this test:
1 Steering wheel angle
 Steer (toe) anglésh
1 Variable, which can be used for evaluation of the steering ratio
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cl -
Q] @Ifﬁ 1§ mrmp

mg 1§ T@ITMp

[ Steerangles, rad

____________________________________________

2

Figurel.181 Steer angles versus steering wheel rotation angle

Steer ratio

Steer whléel angle, rad
-2 ] 2

Figurel.182 VariableQ versus steering wheel rotation angle

Figure1.181, Figure1.182show examples of plotting the variables during the test.

ISteering wheel rotation j

Farameters | Yariables Fesults |

Steer ratio [22.83

Accept as standard |

Figurel1.183 Result of steering wheel rotation test
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After the endof the test the steering ratio is computed as
o)
1 1k
wherg ; H ; are the maximal and the minimal values of the left steer angle)arsithe

amplitude of the steering wheel rotatiddlick the Accept asstandard button to accept the
computed steering rati@ for other testsseel.9.1.2.Jildentification of steeringy

0

1.9.4.6. Open loop steering test

Units Tires Options and parameters Tools Testing area
Identification Tests Transmission Resistance Scanning
Open loop steering ~

Pararmeters  Control

Speed mode
O Neutral O Profile Contro
(® v=const Dw=0

Speed control
(® simplified O Transmission

Traction force
[ Limits of traction force

&

Control type
O Local (® File (O Identifier

[Juse ireqularities
[ Terminal control
Steer angle plot
E] |D:\UMSD_‘»".furk\bin\car\TuoIs\stmight line.ols ﬁ?‘,|

Figure1.184 Open loop steering data

The test is used for simulation of maneuvers with an open loop steeritige itene/distance
history for the steering wheel angle should be used. The test requires
71 Identification of thetire models,Sect.1.5.9 "Assignment dire models to wheelsp. 1-65.
1 Identification of steering, see Se&t9.1.2.3 fildentification of steering (four identifiers,
and steer ratio).

1 Steering angle functior§ect.1.9.1.3.1fiSetting graphs for steering wheel angle and vehicle

speed.

1 Identification of the simplified speed controller, see Sk&.1.2.1fldentification of paran-
eters forsimplified longitudinal speed contil;

1 Identification of transmission controller, Set19.1.2.5fldentification of transmission ce
trolo;

1 Selectionof Speed modeSect 1.9.3fSpeed modes and speed coritrol

1 Identification of irregularities if the Use irregularies box is checked,
Sect.1.3.3.3"Assigning irregularitie’, p. 1-30.

The following check boxes specify some features of the test.
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Use irregularities if on, irregularities are taken into account.

Terminal control i if on, the steering wheel gets free when the end of the steering angle data
is reached. For example, if the last point in the data corresponds to t=2s. Then, the steering whe
gets free since this time moment.

Control type

1 Local: the steering angle @l is entereddirectly in the Tools tab, Sect.1.9.1.3.1fiSetting
graphs for steering wheel angle and vehicle speed

1 File: the steering wheeaingle is specified by a fifeols, Figure1.184. Use the butto/ & in
the Steering angle plotgroup to assign a fil&Creation of *.ols file is described in Sect.
1.9.1.3.1iSetting graphs for steering wheel angle and vehicle speed

Object variables XVA Information Road vehicle Tools
= - A v\ L@

Units Tires Options and parameters Tools Testing area
Identification Tests Transmission Resistance Scanning
Steering w
Parameters

Identifiers

Name Id&L’rﬁer

Steer wheel angle Car.steeringwheekngle I

Steer wheel rate | Car.dsteeringwheelangle

Stiffness Car.csteering

Damping Car.dsteering

Figure1.185 Assigned identifier for the steering angle

1 Identifier : The steering angle is set via the angle identikeyurel.185 see Sectl.9.1.2.3
fildentification of steering . T h eunitasmagdidtneTo change the value of the identifier
during simulationyou can use several techniques described below.

1. The identifier control tool; in this case in identifiecan be a function of time or other
variables Figure1.186 SeeChapter. Sect "Identifier controf for the tooldescription

2. The Control panel tool allows the user to create windows for interactive change of ide
tifiers, SeeChapterd. Sect."Control panel for the tool description.

3. Use interfaces to external soft@a such asMatlab/Simulink, see Chaptel5,
Sect "Creating and using external librariés
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" |dentifier contral
Enabled
[ Compute after kinematics
Refresh dependent elements
Identifier

X

|FrontSuspension.Steering\u'\.fheel.ﬂ\ngIe

Number of elernents to refresh: 0
Assign value to identifiers with the same name

Figurel.186. Use of the identifier control tool for setting steenmgeel angle

(® No O Al (O In subsystems
Comments
Object simulation inspector Ordinate
Object variables XVA Type of description
Information Road vehicle Tools (® Points () Variable
Solver Identifiers Initial conditions .
Curve editing
i i i Identifier control
List of identifiers |P0int5: 2 = |
= - A | + ﬁi Multiplier 1
Identifier Cornment
FrontSuspension.SteeringWheelangle e
Type of description
(®) Time (O Variable
Variable Time
Accept Cancel




Universal mechanisrhO 1-161 Chapterl2. Simulation of road vehicles

1.9.4.7. Closed loop steering test: test with driver

1.9.4.7.1. General test parameters

Object simulation inspector

Sohver Identifiers Initial conditions
Object variables XVA Information Road vehicle Tools
=-8- % 0
Units Tires Options and parameters Tools Testing area
Identification Tests Transmission Resistance Scanning
Test with driver w

Parameters Control Variables

[ use ireqularities
Marco geometry type

® 2D curve (O 3D testing area

Macro geometry file

lg_;] |:5\UM Software Lab\Universal Mechanism2023\Car\MacroGeometry\Reverse circ §|

Test section profile
[JUse test section profile

= | =
Speed mode

O Neutral @ Profile O control

O wv=const Ow=0

Velocity profile

k\_ﬂ |D:\UM?D_‘u‘IORK'\Samples'-lautomot'r-.feWaﬂlDQ T\ Test with stop and run.vp | =

Speed control

) simplified (®) Transmission

Integration Message Close

Figurel.187. Closed loop steering teshodel with transmission

The test is used for simulation of maneuvers with the closed loop steering, i.e. one of the
driver models is used to follow the paBgct.1.4. "Driver", p.1-34.
The test requires
1 Identification of thetire models,Sed. 1.5.9 "Assignment dire models to whe€lsp. 1-65.
Identification of steering, see Sett9.1.2.3(four identifiers, and steer ratio).
1 Identification of simplified speed control, see Sdc8.1.2.1fldentification of parameters
for simplified longitudinal speed contil;
1 Identification of transmission control (for models with transmissidggct. 1.9.1.2.5
fildentification of transmission conti!
1 Description ofSpeed modeSect.1.9.3ASpeed modes and speed coritrpl
1 Identification of irregularities if theUse irregularities box is checked,Sect.1.3.3.3
"Assigning irregularitie’, p. 1-30.
1 Creating a file of test section profile is necessary, Se8tl.3.2fiCreatingfiles with test
section profiled 1.9.4.7.2.FiSimulation with test section profiles

1 Selection ofMacro geometry type a flat curve(2D Curve) or a triangulated surfad@D
testing arep

=
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The test stops

1 if the simulation time is over; the user can continue the test after increasing tha-simu
tion time value in the pause mode;

1 if the end of the desired path in the macro geometry path is reached; in this case the tes
cannot be continued.

UM supports two driver models that allow the car to follow a given path: the MacAdam
model and the contirouspreviewmodel, Sectl.4 iiDrivero . e driker model paameters are
shown inFigure1.188

The continuous preview model allows controlling the vehicle motion forward and backward
(Reverse) while the values of the control parameters are differentFgpee1.188 right The
first group of parameters determines the control when the car moves forward, and the seconc
markedas t he O6Reversed, corr.esponds to the bac

Identfication  Tests  Transmission  Resistance  Scanning Identification ~ Tests  Transmission  Resistance  Scanning

Test with driver - Test with driver ~

Parameters  Control Variables Parameters Control Variables

Driver model . ) )
MacAdam > Driver model Continuous preview control ~

Set default parameters Set default parameters

Steering parameters Steering parameters

Mame Value Narme Value
Preview time, s 1 Preview time, s 1
Reaction time delay, s 0.1 Reaction time delay, s 0
Meuromuscular lag, s 0.1 Conttral gain 0.075
Mumber of control steps 5 Control gain2 0.2
kd 0.05
KI 0.3
Rewverse: Preview distance (m) 10
Reverse: Reaction time defay, s 0
Rewverse: Control gain 0.073
Reverse: Control gain2 0
Reverse: Kd 0
Reverse: KI 0

Figure1.188 Parameters of driver model

Let us consider the features of the controlled reverse motion of vehicle.

1 Controlled reverse motion can only be used for vehicles without a trailer or semitrai
er.For vehicles with a trailer, the control algorithm does not provide stable traject
ry following.

1 The reverse motion corresponds to the motion at a negative speed. In particular, the
speed identifiev0 can take negative values.

1 The macro geometry curve must designed with the backward movement in mind.
It should be remembered that modeling is possible only within the given trajectory;
the simulation stops if the distance from the vehicle to the boundary of the trajectory
is less than the preview distancetlbwhen moving forward and backward.
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Remark 1.  The MacAdam driver model has been developed for a vehicle without a trailer or
semttrailer. For simulation of vehicles with trailers or semnaiilers, it is recm-
mended to use a continuous preview modael,iaiis often necesary to adjust the
valuesof the control parameters in order to achieve a stable movement.

Remark 2. The continuous preview control model uses the derivative of thefencion,
which requires a differentiable function of the despath. In this case a spline
interpolation of the path curve is necessary (Se8t1fDefining a macro profile
using curves ) .

The list of test variables includesSigure1.189

1 Coordinate Xi Cartesian coordinate X of the vehicle;

Coordinate Yi Cartesian coordinate Y of the vehicle;

1 Steer wheel anglethereal value of the angle; normally it is close to the driver contnel va
iable;

1 Computed contral the computed value of the steering wheel angle before the driver neuro
muscular filter;

1 Driver controli the computed value of the steering wheel angle afterdriver neuro
muscular filter;

1 Desired path deviation error in path following (deviation of the real path from the desired
one).

1 Resistance force is the force of the total resistance to vehicle motion including aerodynamic
drag and tire rolling frictin, converted to the force.

]

Identificetion  Tests  Transmission  Resistance  Scanning

Test with driver w

Parameters Control Variables

Coordinate X
Coordinate Y

Steer wheel angle
Computed control
Driver control

Desired path deviation
Resistance force

Figurel.189. List of variables for closed loop steering test
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1.9.4.7.2. Features of driver test in case of 2D curve macro geometry

The test with driver is the main dynamic test forehicle model, which allows the user to
study the behavior of the vehicle when passing curved sections of the road taking into accoun
the vertical profile of the terrain. When performing the test, the user obtains information about
the loading of the modielements, can assess agreement with the standards, can perfoan a dur
bility analysis. The simulation is used to evaluate the satisfaction of the vehicle with standard

tests such as lane change, tight curve driving, rollover resistance, standard ol¢speeds
bump, curb, road damage), etc.

1.9.4.7.2.1. Selection of macro geometry file

Units Tires Options and parameters Tools Testing area Identification TeStS5 Transmission Resistance Scanning

Test with driver

Parameters Control Variables

Marco geometry type

(®) 2D curve (C) 3D testing area

Macro geometry Tl
|i‘_ﬂ |"C:\Users‘lPuinc\Documents‘lUM Software Lab\Universal Mechanism\2023\Car\MacroGeometrny\SAE j2179 single lane change.maf” @.’3‘|
@st secton profie

[JUse test section profile
= |

Figurel.190 Selected macro geometry file

The user can use the standard UM files or create their own file.

Before run the test, aamro geometry file must be loaded by clicking on the b@xrﬁg-

ure1.190. The user can use the standard UM files or create their owS &t 1.3.1fDefining a
macro profile using curves

1.9.4.7.2.2. Use of irregularity files

Units Tires Options and parameters Tpols Testing area Identification Tests Transmission Resistance Scanning
Irregularities

Left

Right C:\Users\Public\DocumentsiUM Software Lab\Universal Mechanism\2023\Car\Irregularities\asphalt_fine_right.ir | =

C:\Users\Public\Docurnents\UM Software Lab\Universal Mechanism\2023\Car\Irreqularities\akphalt_fine_left.irr =

Factor 1.000

Tira rantart rndal

Units Tires Options and parameters Tools Testing area Identification Tests T
Test with driver

Parameters cControl Variables

Figurel.191 Assignment ofrregulariies
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Unlike a triangulated surface, which includes roughness in the surface geometry, in this cas
the micro profile is defined using the files of irregularitiégure1.191, Sect.1.3.3.3fAssigning
irregulariteso . The f il es @ptioasaadparamgtergath. on t he

1.9.4.7.2.3. Simulation with test section profiles (TSP)

| Units I Tires | Options and parameters | Tools | Identification
Tests | Transmission I Resistance I Scanning
[Test with driver -

Parameters | Variables

[ Use irregularities

Longitudinal motion mode

() Neutral @ v=const (7 Profile

Driver model [MacAdam -

Macro geometry file
[~ d:'\um70_work\tests\automotive\uaz hunter\straight 100m.maf

Test section profile
Ise test section profile

.

D YIM70_WORK TestsWAutomotive \JAZ Hunterispeed bump single. trp @

[ Limite of traction force

Figurel1.192 Choice of file with TSP

To run simulation with a TSP curve during the test with driver, select an existing *.trp file

with the &] button and check these test section profileoption. Switching on/off théJse test
section profile option allows the user to compare promptly simolatiesults with and without
TSP.

Creating TPS files is described in Sek®.1.3.2ACreating files with test section profile |,
the general information about T8Bn be found in Sect.3.4fATest section profike

Tune the tire contact model according to the selected Fig§Erel1l.193 Look at Sectl.5.1
Single point and multipointnormal contact modeldor detailed desiption of the tire cotact
models.

It is recommended to use thaultipoint contact model. If th®istributed flexible contact
option is disabled, then discrete point contact of the tire with the road is used, which is usually
used when the tire hits aptor curbstone.
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Remark

Identification Tests Transmission Resistance Scanning
Units Tires Options and parameters Tools Testing area
Irreqularities

Left |C:‘\Users‘l.Puinc\Documents\UM Software Lab\Universal Mechanism'\202| = |
Right |C:\Users‘l.Puinc‘\Documents\UM Software Lab\Universal Mechanism\202 = |

Factor 1.000

Tire contact model

(O Single point (® Multipoint
Pararmeters of multipoint contact

Distributed flexible contact

Discretization step (mm)

R T

Figure1.193 Tire/road contact model

An additional advantagof use the TSP consists inwnag the corresponding
deviations in animation window. Usual irregularities are not drawn, and isthe u
er wants to see a short vertical irregularity during the animation, he steuld d
scribe the vertical irregularity as TSPis recommended teet a smalenough
Image stepto get an appropriate quality of the road deviation image in the an
mation window Figurel.194, Sect.1.9.1.4.4fiRoad image .

Figure1.194 "Bump" with an image step of 0.5 m and 0.05 m
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1.9.4.7.3. Feature of driver test in case of 3D testing area (triangulated surface)

1.9.4.7.3.1. Assignment of testing area and route

Object simulation inspector
Object simulation inspector Sobver Identifiers Initial conditions Object variables
Solver Identifiers Initial conditions Object variables XVA Information Road vehicle Tools
XVA Information Road vehicle Tools = - A - ‘ L@
= ~ E - ‘ %\ 0 Units Tires Options and parameters Tools Testing area
S S : : Identification Tests Transmission Resistance Scanning
Identification Tests Transrmission Resistance Scanning : _
Units Tires Options and parameters ~ Tools  Testing area Test with driver hd
File with testing area Parameters Control Variables
|f'tware Lab\Universal Mechanism\2023\Car\ TestingArea\Road.img| & E Marco geometry type
List of routes 2D curve ®) 3D testing area
4” g T | Use a fictitious vehicle start area
; Route
M Mame of route —
Vi Route #1 v
1 Route #1
2 Route #2 O Neutral ® Profile Contral
3 Route #3 O\-":CDHSt OV=U

Figure1.195 Setting parameters for motion tiangulated surface

When moving along a triangulated surface, the user should first seledaeesfile on the
Testing areatab and, if necessary, create or edit routes (see section 12.3.2.2. "Setting routes")
With the selected file and the presence of at least one route, the assignm@bttetng area
becomes availabl&igurel.195 right.

1.9.4.7.3.2. Initial conditions for motion on testing area

When moving along a triangulated surface, it is important to set correctly the initia cond
tions, that is, the coordinate values for whtblere are no inteng transient processes at the
start of the simulation.

1. Use a fictitious start areato enter the surface

Figurel.196. Hctitious start area

The fictitious area consists of two sect§ Figurel.196.
- a rectangular horizontal section having a zero vertical coordinate; the front boundary of the

first section is located at a distance of 1 m in the direction of movement from the orige of
SQin Figurel.196
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- a transition section that allows the car to smoothly enterahgmess of the surface; the
section length is 5m.

Use of the fictitiousirea has several advantages.
1 the standard initial conditions obtained as a result of the equilibrium test cgn be a
plied;
1 initial conditions do not depend on the chosen route;
1 in the initial position, a part of the wheels can be outside the area ofahguiated

surface, like the rear wheels of a carFigurel.196 or most of the truck wheels in
Figurel.197.

Despite these advantages, this method is recommended to be used for surfaces with a sm
height difference in the area at the initial position of the car, likégare1.197. Otherwise, it is
better to use an alternative approach described below.

Figure1.197. Fictitious area for a truck

Figurel.198 Initial car positions for different routes on the same surface

2. Calculation of initial conditions corresponding to the surface profile and route.
The calculation of the initial conditions should be performed &mheroute, saved in files
and loaded when changing the route before starting the simulaigome1.198
To calculate the initial conditions, the following sequen€ steps is recommended:
1 assign the desired route from the lisgure1.199, right;







































































































































































































































