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Analysis of Vehicle Cornering Behaviors on Undulated Road Surfaces

(2nd Report: Effects of Suspension Geometry Characteristics)

Kazunori MORI

Abstract

To improve maneuverability and stability of automobiles, it is important to grasp the fundamental relevancy
of characteristic values for vehicle design and cornering performances on such broken road surface as winding path,
besides level and flat road surface. Paying attention to the characteristics of suspension link geometry related to
the attitude change of the body, we analyze the effects of roll center height on cornering performances on undulated
road surfaces. As a result, it can be confirmed that the rear roll center characteristics tend to exert more influence
on cornering behaviors than the front ones. We also clarify the effects of the initial roll center height, and of the
ratio of roll center change to wheel travel, on cornering performances in the case of turning on winding road.
Furthermore, the effect of anti-pitching geometry that produces the power of suspension link, so that the body
pitching angle is restrained during braking, is investigated. Preparing a new vehicle model with a total of 14
degrees of freedom that considered each attitude angle and displacement on body in 3 directions (6 degrees of
freedom), each displacement of unsprung mass (4 degrees of freedom) and each revolution angle of wheel (4
degrees of freedom) for theoretical analysis, we carried out the computer simulation.
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Theoretical analytical model
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Fig.3 Roll center kinematics

W, M3ERTLIC) v7 0B ETERICKD R
Bo £z, m—iEENC kB vy FE{LlE O iR
LTHH D, SHIEHETHEE £ OFENT H 59, #hi i2ohf
T 5 BEROEEGL R G E R, 3 BHGuL
OFEFIZ LD, BEd 2 BB RGO A E
EDARIEHD, a— VD ¢ Ok X, BfEHEHETHE
OEMEERR OB g OFAICHE ET B E, Wi
TRELTH,

{Euut =Nou +¢
En=nin—¢
ORFESH S, 2F2L,

ni=tan"'(h;/ts;)
ERBOKRA —VA Mo—2 R 505, BA¥MY
O—NberyRAKEEL EAE S ORAO 2 EHHEOR S
THREND, W Co -y ¥ OERER (Y, Z,)
E¥ak,

Y, = Isa tan §3_ ts1 tan 51
d tan & +tan &

7= (fs1+tsa)tan & tan &
7 tan & +tan &

Lhb, MOk, JATE, v-rtry3kbR
ERSROPLEE S, BN L TEELFE LD
BERELT, =2 £33, HlflbREBICL TR
B,

23

24

Front suspension
(double wishbone type)

{_,Bf' X 0
Fig.4 Force caused by anti-pitching geometry

3. 3 EyFrIEH

i) & SRR OB EER O AR O & BT s
By nid, BEIFESHRICHYL, yYARvyay
Abo—7RB|ZEIT, B4 3HBEOTYF  Ey
Frd e V4 A M) EHEBHOMKRETRT,

ﬁﬁﬁ@ﬁ*’ﬁ‘@@ﬁ%ﬁﬁ@ﬁgﬁ%f (.Z‘rc.r. Zmr) bl
(Tier, 21er) ET 5 &, BIEHERTI,

Iy thzg —Anig— -g—¢+zw +z;
AXIC] Z!cl l!r
Yo T DirtAzier  —AZier— ?¢+2}cr+z
s B b =
gtz —Avgt Tz-qﬁ tagtz
X’lcl Zld
Tirtdzier —Alirt %’.ﬁ etz
ERD, LIdoT,
tan ¢1=—(Zici— o)/ ( Xic1 —a)
tan ¢o=—(Zico— te)/ (Xrea+ ) o4
tan ¢s=—(Zica— o)/ (Xica—a)
tan = —(Zics— ttos)/ (Xics + b)
3. 4 BERO R
4 BO Bl OER /A,
Lo;=T;—FixR @

TEENS, [ BHEHEOBEHED offitkt -2+ T
Hb,

ZIT, YA VRENDOEKRRS L CEEARKS
ij. ij ks y 'f *’qj‘l:‘ﬁjiﬁﬁ & Uﬁﬁ ﬁlﬁ”ﬁﬁ F;Xr
Fu ORI,



— 28— SHATRERFEEHmE  No22 (1998)
Fix cos §; —sin & [ Fix h=1/4 s +tan’B;
L=l 1] oy ‘ 0
v siné:  cos d: =K s tanB /(3 us W)
L%, éau&4vﬁ§w§ﬁuﬁiﬁﬂmﬁmﬁmu

§AYHOHMTROBES v 35k, RS 1Y
DAY THE, HEEEEHRFOSE T hEh

51':(ij7ij)/ij (250
=—(Ro;—viw)/(Rw;) (30
rFREND,

F A Y HLAOE T OB E, x, y FIRG v &
v EAWT,
vi=v vkt vl
W B,
Vi =1U;x €OS 0;+ Ujy SiN 8: S v S 05 (3
ORfFE» SRS,
ZZT,
n==z+tr/2
2=+t /2
vs= 3 — tyr /2
m=x—tr/2
HlEI OB G, 4 &2 ORLS b7 i,
[TF Ts=xmaxR/2
To=Ti=(1—x)moR/2
T3,
3. 5 FA ik
FAYQa—F IR LT, A YAV YT
EpFREhBHORYEH w5, 2L, FHEET
I ZAYEEHOR RS 4 ¥ AU v L THFBL
THPhER s RwEY, ROLICT L. FEi=/ O
W, E7 Z 1 £ 3, B i=r OF, BF/ 32 %
feixd kB,

—sgnls)paW; :ls;|=1
Fi :{ :
—{ KL=, + Wiprag(3—2q:)hihss = s [ <1
68
K(1=si)(1—gtan B+ Wiraqihi(3—2g;)tan B
c=15520
Fy=
U | K= s) (1= gdsin Bt Wiptagh(3—2g tan B .
0sg51

2L, a—F VIR —35 4 PIREOMBELT

v
s=ati 3 )~ 3 ()| &
OBEH DD EBET 5o Kio 13, HHEE T 55 A YT
B WeDEEDI—F) Y INRT—%TFT,
%7z, A0 LG TRV R,

G(W) ’"’ +Fy=Fun (37

a&é*ﬁ%‘”’#ﬁ)ﬁ, A CORHE R AR D, 0 1
FAYDRMRETHD, 74 YIHOMKIC LS,

4, B AR

4. 1 HOETER & ETRE

A, 1 — T A O RN RS H D
TERIAEIC R 2 R RIZTo— vy Ean, 3
SRR C O ERGERIMREI 5 4 2 IO L TN D,
g, n—k vy EERZBERO) 2 #MIz LD
EEDLTYF cEwFry T4 AN, HEhESE-
PR I RIZ TR D W T AR RT I,
FRSET 87 A=y OB R T 51912,
B ORI, PARY s viEh, Y4 BLY
it by FEBOWTEREE T 5, sHICE—RN2%
A, AR O N R RO BT A Y, B

F
kiz

Fe|- fe10- =

Fetessear Fit

Fig.5 Characteristics of suspension spring to
wheel travel

/1;;;5

Fig.6  The ratio of roll center height to wheel
travel



Ar [dea/s]

Ad

#1950 BETEIC B 1 5 ERIERIMEAS O BT

iR —RoAtREERICIE T2, AFEZ4 V50
Wi ARy Y 3 vifhoRER, S/ -NVA D
— 7 ROFH e o —VREIEOIEER ORI AV s R
LYY ER b

y RO EHEL T, Btk eRT LR
SR LT 2, B4 —AA b u— 27 28T BHIE b
vy FOERE, 2 REETEML, o—nrtro@a
BE 6 WR TR AR E T2, DIk, BEHFEHELICIE
LTio—neyFEs bdf —A bo—27 o
e BT A R B HE T

hi=hio+ kice; (30
ET 5, BFEL, hold¥Io—nNe v I E, ke ldRA
— VA PO—Z T Bu—NE Y I EEOEOLT
Hb,

BRI IEF R > h DML 5, ¥YSabv—vay
T, HH60km/h TEFBILEED. 3G TIEZ BT %
TERAETT 2 ME2HEL T b, i ERIE0 . 015m,
WR4ImE LEAGMOBBEMOMHEEZ O
(Case 1) &180° (Case II) @ 2 D& 28t L k.
2o 3 BT i B i R R s R T o BT
HEOEERERDETH 1. 12Hz 08 L k3 & 5 ICHRE
LTwa,

HANIN—=F8— (IN—TF8—)

v=60km/h
25 ay1=0.3G
ro=10.11deg/s
O0—0—0
20
1.6
L1 P jefe i
-10 40 90 05 1.5 25 45 95 145 1.0 2.0 3.0
hfo [m] kfG [nn/ua] hro [ma] krGlaa/ma]
L8 Go=1.75deg
0.7 +
PR L L L
-10 40 90 0.5 L5 2.5 45 95 145 1.0 20 3.0
hfo (ma] kIG[na/m] hro (ma] kG [mm/mm]

Fig. 7

4, 2 HEBLIUEE
D u—nEvIBIOBE

AN TEENIu— Ny HsOfEOhT, i
RN LT ha & ke #EAL S Wbk & CHER)
B2 i Utz SEHEHERRIE, AR hyo=40[mm], ks
=15[mm/mm], # & fll hro=95[mm], kse=2.0[mm/
mm] & ¥ 5, FlEZY o —nLrry@masn
+50[mm], Z{bHEA £1.0[mm/mm] Th 5. Z{b s 3
Bt 4 B 1T, B RBEEEOE £ TH D,
B 7, Case 1 @30 BGETCE TS, SEHRED
HEREBEEE O THRIE 2 5 L R R R T, #Eiko
A GEE AT OZTRE 2 %L Tn b, n—
vy iR, EEBEIC B W CHERBEE O Z R
ORESKMFRTZZEDbhd, ik, EvFALED
KA ho & ke EBFHEKE CBERT L0, £
BN IATRA L D RO -y YRR
MEHFEOEHIC S 2 2 EER S ORI h D, 2T,
a— v ¥ S OFEEE ERSRATHE LS, o
W ki & D b IEBRFE QLT I BIE TSR E 0,
8, BEBHOTHD -V YFHEEATA—S
(2 Lz & & QHEIEBRHEORMNZELTH 5, EH
ML To—VAZLERS E, BRELAOTH
ERHLAOELELED A S, Zhid, HEEoOKA

0.110 ayo=0.3G
g
g 0.105F
< o—0—0
0.100
TE ) T |
-10 40 90 056 1.6 256 45 95 146 10 20 30
hfo [=a] KkfGlna/5a] hro [ma] krG(a/ma]
A0=-0.0419deg
13r
<
1.1
L1 L T R
-10 40 90 05 15 25 45 95 145 10 2.0 30
hfo (ma] kfG[ea/pa] hro [ma] krG(m/m]

Comparison of vehicle motion characteristics



ABARTHRFHIERSE  No22 (1998)

v =g v =60kath 1+ hr=145 [om)
L i aya=0.66 2: hr= 95
= n n 3: hr= 45
3 10
" gL s beeids fam A gl L pretts tml
i 1 3 be= 45
8 8

ay [G]
&
%

A [deg]
A [deg]

2
t s

Fig. 8

Calculated vehicle
behaviors (Case 1)

Fig. 9

2
t [s)

Calculated vehicle
behaviors (Case II)

2
t [s)

Fig. 10 Calculated vehicle
behaviors (large lat-

—WA Ra=2 s, o8y PRI R RHE O
AN O—VEES B Lz 2k, o=k v SO
B TS vy 27 v 7 S VBiEs il 2 b Eal
FHRELTHEZ NS, B—VIEOFERFELE, o
NEPTERMERE C R E VB E RIZT b0 Elbh b,
[ 9 i, Case 11D 9 420 BETI % GEOIETT L 22 5 O B3

v =60km/h
ayo=0.36

4 o
() 4, "‘ %
z . / £, /
=] We N\ \ Y RI /oy I
Lo | ] \ Y /
= Vo \ i L / \ !
2t N .. .. ¥
0 .
0 1 2 3 4
t [s]

eral acceleration)

Thsb, HADZ L TRHEH, 0—VEEHOANK
E{ kD Case IO 2155, FOMOHETFED
ZEIZNE L, o—nerIEa0BH LRV, ik
OFHTTH, B4t Case I1OHEEMNES 2 &
L1 5,

HLH60km/h TEF FIEEE % 2 f500.6G & L1 i

Fig.11 Load change on wheel



i 9 R0 BETRIC B ) 2 BERREE MRS O #EAT

0.1

80
Lo 5 =
40 1" {-0.1 0’
>0t | Oy 0.2 s
0 - L -0.3
0 1 2 3 4

t [s]

Fig. 12 Vehicle velocity and longitudinal
acceleration

i
=gl
= 1: ZIcr=-0.5 [m]
2: 21Cr=-0.3
3: 7ICr=-0.1
2 o
0 1 2 3 4
2
1t
&
S ol
@
3:2
‘ gy =
=
\1
2 L L
0 1 2 3 4

A [des]

Fig. 13 Circular turning with braking

OFHIERZH0CRT, I—VvA PBEe—LOE
40,36 O 2 ZIIZE L Th %58, Mg O E®HE
2fELRELS LD, gy FAEHTRERO T -V
LU HEOMENL ) —EEE LS, u—-VEDR
NELAIOA R LHIOZEEL D A S < k0™
D B, B, &4 YEERbERT. L,
EHBRES0.3£0.6G OWAETRAEENZ LHb
b, ERBINEE.3X0.6G (2B} 2 MEHER O

B, R4 —NArT—2iCkbo—Ltr 7 Eto
b, ¥4 reo— VRO BB L Yic k2 EHE L
b,
@ TyFoCoFrd IFAN)OEE
H#60km/h THIMABME B0, 3G THREREET L Tw
AR S, Ny FVARBEDE & THISINEEH -
0.4G OflE %0z 7z & & O#E2ER %2 H 5, LM o
] (e P Do D 7 & T DAL % RE EERIR T Z R
Zih =500, =300, —100[mm] & L7z 3 {bek & it %,
BA121E, H L ATEMEE ORMNEL TH 5, JI13
RN 2 R T, BRI PO AL S E <
LY (R 3 MR bFuiiEicsds), 7rF-E
vFYT XA LVOMBBTEI EICEBH, IR
DEETOMEI RS FERICEWTY, By A
h, F—v b, HEHTADAE LU - AOLER
WNS BT EHh 5,

5. F ¢ ®

B QBB R 2 BER ) v 7 BARHEH,
3t D BRAETTRS O BEEERE 12 R 2 33 D TR 2
790, 4ROERTEROEMELHM L Z14HH
BE DL MR T 7L 2 ER Lice COERT VARV
Yiav—yvarilc LD RoBREE:,

(1) EFEROS Q0BEOETCEWT, HROo—
ey IEERI— VA PO — i CHEE T
OFHEOEBOA & SRR T,

(2) v—nEryEsOPfER, K-V Aro—2
Filhierd s -y @a0ibott s D b
MR OEINC BRI TRESK E v, i, HilES
D b EBHOT— VY 2y FEEOE D S EER R
CRIETEESRS WIS B,

(3) ZEAWSOBEZL OMFHEEN0 OHE, o—
o —VERcKE (EHET NI A
b, BN A ORI v,

4) HEHEHESIEEDT ¥ F - EvFrd - IF AN
Fitkix, 9D BEEERGEITRIC LRI B 2,

X m

(1) ZEfR, 550 BGETEIC B0 2 B e g o #
B (18 AR A 7 7 B 0B ), AEk
TEERFIEHE, N20 (1996), 19-27,

(2) BEEEMN > F Ty 7 (GEEE- RS, B
4z, (1990), 209-213,



AR LERFMERE  No22 (1998)

(3) G. Genta, Motor Vehicle Dynamics, World
Sientific, (1997), 365-388.

4) NBER, o—VEHEEOROOF ARy g v
fit, BENEEAE Y R Y7 A TR PHE S0
DO NF A4 F 7 ARG &R
9730858 (1997), 22-28,

(5) J. H. Dixon, The roll-center concept in vehicle

handling dynamics, Proc [ MechE, Vol. 201 No. DI,
(1987), 69-78.

(6) WIHAR, ¥4 voliE2), EIEREIM, Vol 30,
Noll, (1976), 968-972,

(7) TEAGHE - E 1 4, FETHEBSENTRO Y A ¥ 2 —
F U r TR 20T AL, BB RET
2RI, 9301962, (1993-5), 153-156,



