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Abstract
Sport riding performance on racing circuits and other locations is seen as an important element in the marketability of 
motorcycles. In sport riding, some riders start a turn while braking or start acceleration (driving) while turning. Furthermore, 
the braking aspect of sport riding performance is also critical to accident avoidance performance since it is similar to that of 
the braking during cornering performance. Consequently, in this paper a fundamental study was carried out to determine 
methods for improving the cornering limit performance during driving and braking. In the case of four-wheeled vehicles, the 
G-G diagram is used as a method to indicate the cornering limit performance. In the G-G diagram the longitudinal driving
and lateral driving of the vehicle are set as the two axes. Therefore, the first part of this paper proposes a G-G diagram for 
motorcycles theoretically. In the latter part of this paper, this paper discusses the braking force distribution ratio of front wheel 
that would maximize the maximum lateral driving, the influence of the normal load distribution ratio of front wheel on the 
limit cornering property and the influence of the height of the center of gravity on it. From these result, this paper proposes 
methods for improving the cornering limit performance while braking.
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ax G-G
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i)a’yfmax = a’yrmax aymax = a’yfmax = a’yrmax.
Drift Milliken et al. 1976 Drift

ii) a’yfmax > a’yrmax aymax = a’yrmax Spin
Milliken et al. 1976 Rear wheel skid

iii) a’yfmax< a’yrmax aymax = a’yfmax Plow
Milliken et al. 1976 Front wheel skid

G-G 2(A)
aymax 2(B)

(A)Cornering limit of front and rear wheels (B)Maximum lateral acceleration

Fig.2 An example of G-G diagram of four wheeled vehicle μf=μr=1, df=0.5,Bf=0.82,Tf=0, h/l=0.55/2.5(=0.22), g=10[m/s2] 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 aymax shown in fig. 2(B).
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Fig.4 An example of G-G diagram of motorcycle μf=μr=1, df=0.4,Bf=0.4,Tf=0, h/l=0.6/1.35, g=10[m/s2]
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4

5(A) 4(A) 5(B) 5(B)
  

ax [m/s2]

(A)Cornering limit of front and rear wheels (φ=0) (B) Comparison with fig.2 

Fig.5 The influence of the yaw moment by braking/driving force on the limit cornering property μf=μr=1, df=0.4, Bf=0.4, Tf=0,
h/l=0.6/1.35(=0.444), g=10[m/s2] :These figures was calculated under the assumption that roll angle φ equals zero in 
eq.(35) and (36). Figure 5(B) implies that the yaw moment decreases maximum lateral acceleration in braking and 
increases it in driving. 
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CBS 6(B) Bf ABS
ABS

(A) G-G diagram (Maximized aymax by Bf) (B) Bf to maximize aymax (C) Comparison with fig.4 
Fig.6 The influence of front braking force distribution ratio on the limit cornering property μf=μr=1, df=0.4, Tf=0, h/l=0.6/1.35

(=0.444), g=10[m/s2] : Bf shown in fig. 6 (B) was chosen to maximize aymax at each ax. Figure 6(c) shows that the maximum
lateral acceleration using this Bf is larger than that in case of Bf =0.4. 

df df 0.4 0.3  Bf aymax

G-G 7(A) Bf 7(B) 7(A) 6(A)
7(C) 7(C) df 0.4 0.3

df

1990

(A) G-G diagram (Maximized aymax by Bf) (B) Bf to maximize aymax (C) Comparison with fig.5 
Fig.7 The influence of normal force distribution ratio of front wheel on the limit cornering property μf=μr=1, df=0.3, Tf=0,

h/l=0.6/1.35 (=0.444), g=10[m/s2] : Figure 7 (B) shows Bf which maximizes aymax. Figure 7(C) implies that decrease of df

makes maximum lateral acceleration larger in braking and makes it smaller in driving. 
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h/l 4 2 h/l 0.6/1.35(=0.444) 0.7/1.35(=0.519)
h/l Bf aymax G-G 8(A) Bf 8(B)

8(A) 6(A) 8(C) 8(C) h/l 0.6/1.35
0.7/1.35  h/l

(A) G-G diagram (Maximized aymax by Bf) (B) Bf to maximize aymax (C) Comparison with fig.5 
Fig.8 The influence of the ratio of the center of gravity height to the wheel base on the limit cornering property μf=μr=1, df=0.4,

Tf=0, h/l=0.7/1.35(=0.519), g=10[m/s2] : This Bf was chosen to maximize aymax. Figure 8(C) implies that decrease of h/l
makes maximum lateral acceleration larger in both braking and driving. 
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