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Fundamental study of cornering limit characteristics during braking and driving 
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*1 Kindai Univ. Dept. of Robotics Engineering 

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 . 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.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 ax, while the vertical axis shows maximum front wheel lateral 
acceleration ayf and maximum rear wheel lateral acceleration ayr. The smaller of these values is considered the maximum lateral 
acceleration for quasi-constant radius turning, and is indicated in Fig.2 (B). ayf-ayr in Fig.2 (C) indicates the magnitude of the spin 
tendency when turning at the maximum lateral acceleration. When ayf-ayr > 0, the resulting vehicle behavior is spin, when ayf-ayr < 0, 
the result is plow. ( f= r=0.8[-], df=0.5[-], Tf=Bf=Fzf /(mg) l=2.6[m], m=1500[kg], h=0.55[m], g=10[m/s2]) 

2001 Tf=Bf=Fzf /(mg)
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Fig.3 Cornering limit characteristics of a front-wheel drive vehicle; Front-wheel drive vehicles (FWD) demonstrate plow behavior 
on the driving side. ( f= r=0.8[-], df=0.5[-], Tf=1(FWD), Tf=Fzf /(mg) (4WD), Bf=Fzf /(mg), l=2.6[m], m=1500[kg], h=0.55[m], 
g=10[m/s2])

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. ( f= r=0.8[-], df=0.5[-], Tf=0(RWD), Tf=Fzf /(mg) (4WD), Bf=Fzf /(mg), l=2.6[m], m=1500[kg], 
h=0.55[m], g=10[m/s2]) 
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Fig.6 Effects of front normal load distribution in a rear-wheel drive vehicle (RWD). ( f= r=0.8[-], df=0.35[-] or 0.5[-], Tf=0, 
Bf=Fzf/(mg), l=2.6[m], m=1500[kg], h=0.55[m], g=10[m/s2]) 

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 df = 0.65 compared to a ratio of df = 0.5. 
( f= r=0.8[-], df=0.65[-]or 0.5[-], Tf=1, Bf=Fzf /(mg), l=2.6[m], m=1500[kg], h=0.55[m], g=10[m/s2])
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Fig.7 Effects of the front wheel braking force ratio Bf; when Bf 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. ( f= r=0.8[-], df=0.5[-], Bf=0.75, Tf= Fzf /(mg), l=2.6[m], m=1500[kg], 
h=0.55[m], g=10[m/s2]) 
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moment is smaller. ( f=0.8, r=1.0[-], df=0.5[-], Tf=Bf=Fzf / (mg), l=2.6[m], m=1500[kg], h=0.55[m], g=10[m/s2]) 
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m=1500[kg], h=0.55[m], g=10[m/s2])

Fig.9(B) Cornering limit performance 
of a front-engine rear-wheel drive 
(FR) vehicle. ( f=0.8, r=0.85[-], 
df=0.50[-], Tf=0, Bf=0.66 l=2.6[m], 
m=1500[kg], h=0.55[m], g=10[m/s2])

Fig.9(C) Cornering limit performance 
of a rear-engine rear-wheel drive (RR) 
vehicle. ( f=0.8, r=0.85[-], df=0.35[-], 
Tf=0, Bf=0.56 l=2.6[m], m=1500[kg], 
h=0.55[m], g=10[m/s2])

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