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ABSTRACT
The objective for this study is to establish the simulation and evaluation mehtodlogy for Variable Centroid Vehicle (VCV) motion
stability control system. VCV drive and handling and ride performance parameters such as longitudinal and lateral acceleration, yaw
and roll rate and side slip angle can be calculated and compared under different dynamic simulation conditions. The roll rate was
assessed with other appropriate control strategies and controllers’ settings to assure the VCV can be operating for safe and stable
control condition. In this study, object-oriented simulation program Simulink was used to construct the modules including the VCV
longitudinal and lateral motion. VCV driving and braking torque management, lateral force and normal force control model, wheel
models, were tested and validated by commercial vehicle simulation program CarSim under the same driving conditions. VCV
center of gravity hight and the length of wheelbase become time-varing input parameters for stability control system. VCV dynamic
performance correlations between these two input parameters and the outputs from vehicle stability control system can be observed
and vehicle stablilty can be improved by integrated consideration of traction and braking control to reduce the oversteer and rollover
dangerous conditions. The wheel traction slip and brake skid effects under different centroid height and wheel base were simulated
and the lateral acceleration, yaw rate performance were also be evaluated at the same conditions. By Hardware-in-Loop,(HIL)
technology, the software simulation controller parameters can be converted to real vehicle control signals through CAN bus so that
the optimized location of VCV centroid be adjusted to the more safe and stable operating position.

Keywords : Rollover, Roll-Stability Indicator, Vehicle Real-Time Dynamic Stability Control System, Dynamic Performance
Hardware-in-Loop Simulation.

Table of Contents
D00 00000000000 0000 .. T SR iv
ABSTRACT ..ot 1728 S vid
L] et VI O O e x0
L0 e XVIE O O OO e sne e xixdooo
L s LTLLOO e 112000
L et 2121 000000000000 e, 21220000000
L e 612300000000000000 e, 8l24000000000O00OO
O e, L1130 000 e IS5 140000 e 16
OO00000D0 e 1721000 000 ciiiiiiieeececeee e 17-viii-21100000
L e 17212000000 oo 182130000000
L e 2022000000000 0 e 23221000000000
L e 2422200000000 000 i 262230 0000000000
L e 3223 000000000000000 e 9231000000000
L e 3023200000000 000M0 e 462330 000000000000
O000 e 5240000000000 00 e 542410000
L e 552420 0000000000000 .. sed000O0OO0OOOOOd
O0000000 . oY 250 I I S 583.110000000000
OCarSIMRODOODODO OOODOO it seeieeeesesese e sre e 58320 00000000000 O0DOOO
O e 633210 000000000000000 .. 643220 000000000
O e 663230 00000 i ieriereieeeseeesennens sl 00 Ooadn
L e 7441000000000000000 . 7442PI000000000O
O e 0430 00000000000PIOOOOOODO ceveieiieenn 1144400000000ITAE
OO e 12900000000 ke 1345.10
L e 1345200000000 000 e 136 000

L 137000 011000000 000T0[3] ceveereerermeemeeneeneenenens 3012000000



OO[12] i 5013000000000 00[58] vceeerereerereererearerieiennas 7014000000000

) [ 90150000000 0[59] cooveeeereeeveeeeeresessereeeeeennee 10016000000 (TOYOTA-PM)
.................................... 110L7TTRODOOD[B2] oo 12 11,800 00 0

] (510) O 130190000000 O[6L] cooeeeeeeeeeeveeeersesesseeeeeseeeeee 13021SAE0DOO0OO

W 2] 180220000000000000 s 21023@00O0000000
000000 . 22024(@0(M0O0000000000000000000........... 230250000000
0000000 s 26 02.6SAEC0 00000 049 260270000000000
O 2602800000000000 wmeeeeecceriessnn 2802900000000
[T 29 02.10 Magic Formula D 0000 0000 v 29021100000000
R 3002120000000 00 e, 300213000CarSimROOO OO0
00000 . 310214000CarSMROOOOO000000 . 31021500000000
R 320216 00000000000 i 330217000000000
S 340218000000 000 e 3402190000000000

O oo eeeeseseseeeess 3502.20@0000000CarSIMRO 0 0 oo, 36 02.20 ()J 0 000 OO0 CarSimR
OO0 e 3602210000000 CarSIMRO D O oo, 370221 (00000000 CarSimR
] 370222000000 00CarSIiMRO 0 O v, 380223000000 CarSimRO
O 0 e 38022400000000000000000 e 410225000000000
OYOOOOD e 42022600000000000000000000 . 43022700000
i 4502280 0000000000CarSimROOOOOOO000........... 45022900
O000000 oo 4602300000000 ceoecoorieeeeeeeeeeeeeeeesesseeenen 4802310000000
D oo 490232000000000000 i 51023300000000000
R 51 02.343dof O VSDL O CarSmMROO OO0 00000 oo 52023500000000
[ coeeeeeseeeeseeeeee e 530236 00 OPI D0 000 ccoeeecceereeseeeeeenenee 540237 ITAEDODO

D oo 5403.1CarSMROOOOO0000 00 oo 59032 CarSmROOO OO0
s 62 03.3CarSIMROD 0 0 00 D0 covvveeeeeeeeeeeeeeeeec e 62 0 3.4 Matlab\SimulinkRO 0 0 O
R 63035000000000000000) e 6403600000000000(0
OO0) e 6503.7000000000000 i 6603800000
[ 67039000000 oo 6703.108051 00000
S 680311 00000000000 i 6903.1200000000(@0)
..................................... 690313000000000(00) 700314 (@O (D)0 (D OO0 D O0O0O0O0 O
[ 710315000000000000(E0) ceecccerieeseennee 720316000000000000(@0)
............................. 72041000000 s 75042 0000000000

O oo 75 0 4.3DLC O O oo 76 04.40030km/h,DLCO OO0 O

O oo 770450050km/h,DLC OO0 000 coovvvvveecerseeseeeeeeeeeee 7704.60070km/h,DLCO OO0 O
O oo 780470000000 oo 7804.80030km/h,DLCOOO 00005015
02500000000....8004.90050km/h,DLCOO00O0O000501502500000000......80 04.10 O
070km/hDLCOO0O00O0O0501502500000000...8104.110030km/h,DLCOOO00055mO 0000
O e 8204.120 050km/h,DLC OO0 0055m 0000 00 e, 8304.13 00 70km/h,DLC O O O
0055MO0 0000 . 83 0 4.14 O 0 300 500 70km/h,DLC 0 0 O 0 0.55m O ITAE............... 84 04.150
030km/hDLCOO0000.88MOO0 0000 oo, 8404.16 0 050km/h,DLC OO0 00.88m O 000 O

O e 8504.170070km/h,DLCOC 0 0088M OO0 00 00 coovvvvveeeennn, 85 [0 4.18 0 0 300 500 70km/h,DLC O
0000.88m OITAE................. 86 0419000000 00 coeovveeerreeeeeeeeeeeeeecssesseennn 87 04.20 0 0 30km/h,DLC OO0 OO
000000 . 88 04.210050km/h,DLCOC0 00000000 oo 88 0 4.22 O 0 70km/h,DLC
0000000000 . 89 0 4.23 0 0300 500 70km/h,DLC 0 0 0 0 O ITAE ..., 890424000
000PIOOOKphOKih O OO OO @0km/h) ........... 9104.25000000PI00OKphOKih OO0 OO (50km/h)
........... 920426 0 00000PI0OOKphOKih O OO O O(70km/h) .........92 0427 0 000 0PI 00 O Kpad Kia O
000 O @okm/h)............. 9304.2800000PI0 00O Kpad Kiad OO0 O (50km/h)........ 940429000000PIO
0 0 KpaO Kia 0 0 0 O O (70km/Zh).............. 940430000000000000PI0O0000F7KM/N) ... 98 0 4.31
00000000000PIO000O70kM/h) ... 99 04.32 ITAEOTOOKphOKihO OO O

O (7OKM/N).coveoeee. 99 04.33 ITAE 0T 00 Kpad KiaO O O 0O (70KM/N)..ovoveeerrrrennn. 100 0 4.34 0 O O O KphO Kih
00000 e 101 04.3500000Kpad Kia O OO 00w, 101 04.36 0 0 O O Kph
OKhOOO OO e 10204.3700000Kpad Kia O OO 00w, 10304.38000



OO00000O0OPIOOO0O0 e 1130448 ITAEO T 0O O KphO Kihd KpalDl KiaO O 0 O

O (70km/h).......... 114044 000000000000 e 115 [0 4.50 0 O 30km/h,DLC O O 0 KphO Kih
gooonooon..... 1150451 0050km/h,DLCOO0O0KphOKihOOOOOOODO.............. 116 0 4.52 O
O70km/hDLCOOOKphOKihOOOOOOODO e 116 04530 030km/h,DLCO0O0Kpal KiaOOOODOOO
O 1170454 0050km/hDLCOOOKpal KiaOOOOOOODO ... 117 04.55 0 0O 70km/h,DLC O O
OKpaOKiaOOOOOOODO . 1180456 0030km/hDLCOODOCOOO0O0DOO i 118 0 4.57 0
O50km/hDLCOOO0COOO0O0O0O e 11904580070km/h,DLCOODOOCOOODOO

O 11904590030km/hDLCOOO0OCO0O0C00O0 e 120 0 4.60 O O 50km/h,DLC 00O O
00000000 v 120046100 70km/hDLCOOOOCODOOOOON i 121 04.62 0
O30km/hDLCOODOOOOOOOOOO v 12104630050km/hDLCOO0COOOOOOODOO
O 1220464 0070km/hDLCOOOOOOOOOO0ODO i 122 04.650 0 30km/h,DLC OO OO
OO0000000 . 1230466 0 050km/hDLCOOCODOOOCOOODO e, 123 04.67 0
O70km/hDLCOODOO0OOCOO0O0O0OO v 12404680 030km/hDLCOOCOOOOOOODOO

[ R 12404690 050km/hDLCOOO0OOODOOOO0ODO i 12504.70 00 70km/h,DLC OO OO
OO0000000 . 1250471 0030km/hDLCOOCOOO0OCOO00ODO e, 126 0 4.720
O50km/hDLCOODOOCOO0000000 e 126 04730 070km/hDLCOODOODOOOOODOO

O e 127 04.74 00 30km/h,DLC O O O ITAE O e 129 0 4.75 0 0 50km/h,DLC O O O ITAE
O e 130 04.76 O O 70km/h,DLC O OO ITAE O cecvvvieiicviee 130 0 4.77 00 70km/h,DLC O OO
O500000ITAED cvvvvveienen. 13104780 070km/hDLC OO0 O 0000OITAED v 13104790
O70km/h,DLCOO0O2500000ITAED .cvvneee. 132048000 70km/h,DLCO OO OO ODOITAE
O 132000 011000000000000000000 v 140120000000000
OOOO0O0BL] e 16 021 MagicFormulaD OO OO0 i 3003100206000

O 50032CarSMROCOOCOOOOOOOD0DN e 600330 00000000
O o, 6104100000000000000GBOKNM/N) c.ccvvveeeeirnrinnns S042000000000O
0000 BOKMZN) o 950430000000000000O0O([TOKM/N) c.ovvveevinirieirnne 95044000000
OPIOOODCOOOOO([70kmZh) ..o, 96 045PI0D0000O0O0O0O0O0ODO (B0KMZN)..ceceiiririireieeenn 97 04.6PI0
DO0O0O0D0000000GBOKMZN). i 7047PIDODOOOODODOOO(TOKMZN).cccciiiiieiirenes 980480
O000D0000000D00OEBOKMZN) coveevciie 105049PIDO0O0O0O0OODOO0O0OO(BOKMZN).cccciiiriiireins 107
041100000000000000 (B0KMZN) ..o 1070412PID00000000DO0ODO (50km/h)
........................ 10v04130 0000000000004 ((70km/h)................108 0 414PIODOO00O0OCOOOOOO

O (70kmZh) .o 10804100000000PIDOOODOOO0OO(TOkMZN) c.ocevvennee 0804150000000
0000000 (F0kM/N) v 1110416 PIDO0CO0OO0OOODOODO(TOKM/N) v 1110417000
OO00O0D0000000@0kmZN) v 1130418PIDO0OODO0OODOODOONO (TOKM/N) e 113

REFERENCES

gooooooooobobobooboooobobobobooboooboboobobobobboobooboDobobobobOboOon
gooooooooobobobooboooobobobobooboooboboobobobobboobooboDobobobobOboOon
goooooooooboboboooboooobobobobooooobooDobobobobbooboobDobDobUobOobLOoOO
goooooooooboboboooboooobobobobooboooboooDobobobobboboboobDobDobobobLboOoO
gooooooooobobobooobooooobDoboboboboooboboDob0obobobbooboobDobDobDUobobLOoOoO
goooooooooboboboooooobDobobobobooobobDobD0obobobbObob0obDOobDobUbDOobLbOOO
vgbooooooboobobobooobooobooboobobooboooobooboobooboboboobobooboooboobobobobooon
O



