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Abstract

The G-G diagram is one way of expressing the cornering limit during braking or driving. When limit driving data is plotted
on a graph with the 2 axes representing longitudinal acceleration and lateral acceleration, the shape of the graph indicates the
cornering limit. Although the theoretical outline with a one-wheel model is a circle, the shape on the braking side of a G-G
diagram which uses actual measured data is similar to a pentagon. As a result, the basic shape of the diagram is unknown.
Therefore this paper proposes a graphical method which uses a two-wheel model to explicitly describe the mechanism that
determines the G-G diagram shape. This graphical method is as follows. First, the provisional cornering limit line for the
front wheel is plotted in the G-G diagram, ignoring the rear wheel cornering limit. Second, the provisional rear wheel
cornering limit is plotted in the G-G diagram, ignoring the front wheel cornering limit. Third, the lower of the two cornering
limit lines becomes the shape of the G-G diagram. The reason that the braking-side shape of actual measured data looks like a
pentagon is due to the fact that these lines cross each other at two points. Furthermore, this paper describes the vehicle
behavior when the diagram shape is the front wheel cornering limit line as “plow”, and the behavior when the shape is the
rear wheel line as “spin”. Finally, this paper explains that the cornering limit increases in the order of rear-engine rear-wheel
drive (RR), front-engine rear-wheel drive (FR), and front-engine front-wheel drive (FF) vehicles due to the effects of the
engine position and position of the drive wheels.
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Fig.1 Vehicle model
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. . 101
(A) G-G diagram with residual (B) Maximum lateral acceleration (C) Residual yaw moment
yaw moment of quasi steady state turning

Fig.2 Example of G-G diagrams. This figure was calculated using specifications that simulate a four-wheel drive vehicle. The
braking/drive force distribution on the front and rear wheels is equal to the distribution of normal load on the front and rear wheels.
In Fig.2 (A), the horizontal axis shows longitudinal acceleration a, while the vertical axis shows maximum front wheel lateral
acceleration a,; and maximum rear wheel lateral acceleration a,,. The smaller of these values is considered the maximum lateral
acceleration for quasi-constant radius turning, and is indicated in Fig.2 (B). a-a, in Fig.2 (C) indicates the magnitude of the spin
tendency when turning at the maximum lateral acceleration. When a,-ay, > 0, the resulting vehicle behavior is spin, when ay-a,, <0,
the result is plow. (u=14=0.8[-], d=0.5[-], T=B=Fx/(mg), 1=2.6[m], m=1500[kg], h=0.55[m], g=10[m/s*])
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(A) G-G diagram with residual
yaw moment

(B) Maximum lateral acceleration

of quasi steady state turning
Fig.3 Cornering limit characteristics of a front-wheel drive vehicle; Front-wheel drive vehicles (FWD) demonstrate plow behavior

on the driving side. (14=,=0.8[-], d=0.5[-], T=1(FWD), T=F;/(mg) (4WD), B=F,/(mg), 1=2.6[m], m=1500[kg], h=0.55[m],
g=10[m/s])

© Resid'ulgl yaw moment

a,-a, [m/s?]
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A AW
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5l
(C) Residual yaw moment

(A) G-G diagram with residual

(B) Maximum lateral acceleration
yaw moment

of quasi steady state turning
Fig.4 Cornering limit characteristics of a rear-wheel drive vehicle; Rear-wheel drive vehicles (RWD) have both a plow area and a

spin area on the driving side. (14=£4=0.8[-], d=0.5[-], T=0(RWD), T=F4/(mg) (4WD), B=F/(mg), 1=2.6[m], m=1500[kg],
h=0.55[m], g=10[m/s?])
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5|
y é y -0;-\1 T 1
a, [m/s?] S 1 a,[m/s?]
S
(A) G-G diagram with residual (B) Maximum lateral acceleration ©) Residual yaw moment
yaw moment of quasi steady state turning

Fig.5 Effects of front normal load distribution in a front-wheel drive vehicle (FWD); The maximum lateral acceleration is higher on
the driving side and lower on the braking side with a front normal load distribution ratio d; = 0.65 compared to a ratio of d; = 0.5.
(u=14=0.8[-], d=0.65[-Jor 0.5[-], T=1, Bi=F»/(mg), I=2.6[m], m=1500[kg], h=0.55[m], g=10[m/s])

. [m/s?]

y
a,-a, [m/s?]

o=—H—|—|—|—|—|/—)—l—ﬂ—l— a.

b ! T e e e e
-10 -5 1010 -5

0 5 10 -0 5 of 5 10
a, [m/s?] a [m/s?] é a, [m/s?]
=
5
(A) G-G diagram with residual (B) Maximum lateral acceleration (C) Residual yaw moment
yaw moment of quasi steady state turning

Fig.6 Effects of front normal load distribution in a rear-wheel drive vehicle (RWD). (u=w,=0.8[-], d=0.35[-] or 0.5[-], T+=0,
Bi=F/(mg), I=2.6[m], m=1500[kg], h=0.55[m], g=10[m/s’])

34 HBHESORE
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Ay T
=1
7| Uy T
5.:,
| SpinT
-5 axDI 0
a, [m/s?]
(A) G-G diagram (B) B=0.750[-] (C) B=1[-] (D) Maximum lateral (E) Residual '%W
with  residual yaw acceleration of quasi moment
moment ( B=0.66[-]) steady state turning

Fig.7 Effects of the front wheel braking force ratio By; when B is higher, the plow area is larger, the cornering limit in the plow area
is lower, and the cornering limit in the spin area is higher. (=,=0.8[-], d=0.5[-], B~0.75, Ti= F,/(mg), I=2.6[m], m=1500[kg],
h=0.55[m], g=10[m/s?])
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T5 (U<l DX HLHEETDIHEDRH D). KANITHET 5 g,/ hEW (BHIZKE V) 13, spin fEEH R
SIENCIEAR DO, spin FEIRAVE 7D O, W KR u K, dROIHITHS. Rl OR a1, FelEl]
B2 EPEDE /B spin SABKIE L 0 NED A E LU b, LIt CHIC Wil 25Kk & AR B ClE, dy 48
HRIZIR B2 K DI T 2 BER DD &b,

728, d=05 DL XX(17)IT,

a - _zlﬂ p (18)

ThD.

& BITHERIFIBY Z2EMEOBLE N B T(ENZEH T2 &, B=0.66 D & X, ar ay, M KIZ/2 5 ald ag*=-5, B=0.75
DExa=3MSL]THD. —J7, FEROFERIHEZ EMERBRIC BT, Hil#hitk o =3 — AEE ORISR KRIZ 72 5
a1 T-3~-A[M/ST LR ST D (b, 1991). Wi a IMERIES S5 0T, BERIGIBIZENEIC BV CE—
138 ORINAFRIZ 72 HEHIER @)~ Lo TREN TV D LBbIs. T72bb ac-3~-4[mS 1O
(X, FEIC X SR —T ) 77— AORRE Y bEN X DEIR A EEENC L SR —) ) s
F—AHIMROIE ) BRENWDOIZ, FI—F—RA 2 hORT ag-a, NIEILRDHZETHD.
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— R OFHETIL, BABIEHEIZT SO TAZE Y T 4 7 7 7 ZREEINT 5 (Sakai, 1997) DT, a=0
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PloW 105, g £ 2% 5 (2 MBI ER £RE L T8 b0 L DI, 2 =T IR
E\LX D u by EOEOEEERLTZDIL, K285 4% 087005 1L0ICAWE LR E2K 81T, fcij’o
U =0.21%, w & DZEDN G-G RN KT THEAL RT3 570®, BBRLIZETH S, K8 Tk uw>udDie
», a=0 OITET plow THD. F-HKaDIETS plow THD. DX 51T u 03 L HIBEMAITIL, spin
TS L &I, as Mg 5.

—
o
©n
~
g
—
S

a,-a, [m/s?]

10 5 0 5 10-10 5 0 5 10-10 5

a, [m/s?] a, [m/s?] I
= 5 /{/\}0‘(&[ a, [m/s?]
AN
Ap
(A) G-G diagram with residual (B) Maximum lateral acceleration (C) Residual yaw moment
yaw moment of quasi steady state turning

Fig.8 Effects of the rear wheel coefficient of friction 4, when 4. is higher, a, on the braking side is larger and the residual spin
moment is smaller. (.4=0.8, x,=1.0[-], d=0.5[-], T=B=F/ (mg), I=2.6[m], m=1500[kg], h=0.55[m], g=10[m/s])
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-10 -5 0 5 2
a, [m/s?] 3[m/s’]
Fig.9(A) Cornering limit performance  Fig.9(B) Cornering limit performance

of a front-engine front-wheel drive of a front-engine rear-wheel drive

a, [m/s?]
Fig.9(C) Cornering limit performance
of a rear-engine rear-wheel drive (RR)
(FF) vehicle. (4=0.8, =0.85[-], (FR) vehicle. (4=0.8, 1,=0.85[], vehicle. (1=0.8, 11,=0.85[-], di=0.35[-],
d=0.65[-], T~1, B=0.81, 1=2.6[m], d=0.50[-], T=0, B~0.66, 1=2.6[m], T=0, B~0.56, 1=2.6[m], m=1500[kg],
m=1500[kg], h=0.55[m], g=10[m/s?])  m=1500[kg], h=0.55[m], g=10[m/s°]) h=0.55[m], g=10[m/s°])

a, - a,, [m/s?]

a, [m/s?]

Fig.9(D) Comparison of the cornering limit levels  Fig.9(E) Comparison of the residual yaw moments for
for FF, FR, and RR vehicles. FF, FR, and RR vehicles
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