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Straight-Running Stabilization Compatibility of Motorcycles

Takahiko YOSHINO*', Akira TAKAHASHI**, Kenta FURUSAWA**and Tsuyoshi KATAYAMA**

Abstract
When a motorcycle is designed such that its weave mode is stabilized, its wobble mode tends to become unstable.
Similarly, when attempting to stabilize the wobble mode, the weave mode is likely to become unstable. In this study, we
investigated the effect of changing the extent of force acting on both the modes using the energy flow method and
determined the factors that affect the compatibility of the two modes. The experimental results show that in most cases,
the front frame elements that exhibit conflicting changes directly affect the equation of motion coefficients. Moreover,

the stability of the compatible type often varies owing to the changes in eigenvectors.
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Table 1 Changes in the Position and Stability of the Applied External Force (Weave Mode and Wobble Mode)

location of the force Magnitude+ Phase+
Weave Wobble Weave Wobble Weave Wobble
Lat. Acc. F. 1 2 Unstable Stable Stable Stable
Yaw Acc. F. - 2 - Stable - Stable
Roll. Acc. F. 4 4 Unstable Unstable Unstable Unstable
Ste. Acc. F. 1 - Unstable - Stable -
Yaw Rate F. 2 1 Stable Unstable Stable Stable
Roll Rate F. 1 1 Unstable Unstable Stable Stable
Front Side F. 1 2 Unstable Stable Stable Stable
Rear Side F. 2 - Stable - Stable -

Table 2 Changes in the Position and Stability of the Applied External Force (Front Tire Side Force)

location of the force Magnitude+ Phase+
Weave Wobble Weave Wobble Weave Wobble
Lat. Vel F. 4 3 Unstable Stable Unstable Unstable
Yaw Rate F. 2 3 Stable Stable Stable Unstable
Ste. Vel F. 2 2 Stable Stable Stable Stable
Roll. Ang. F. 4 2 Unstable Stable Unstable Stable
Ste. Ang. F. 1 1 Unstable Unstable Stable Stable
Front Relax. F. 4 1 Unstable Unstable Unstable Stable

Table 3 Changes in the Position and Stability of the Applied External Force (Rear Tire Side Force)

Weave location of the force Magnitude+ Phase+
Lat. Vel F. 2 Stable Stable
Yaw Rate F. 2 Stable Stable
Roll. Ang. F. 2 Stable Stable
Rear Relax. F. 1 Unstable Stable
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Table 4 List of reciprocal type stability changes

Table 5 List of compatible type stability changes

@D Moment of inertia of the Main frame (x-axis)

Mass of Main frame

1,=12,200 km/h Weave Wobble M,=12,200 km/h Weave Wobble
Stability Change Unstable Stable Stability Change Unstable Unstable
Body or Tire Body Body Body or Tire Body Front tire
Details Lat. Acc. F. Roll Rate F. Details Lat. Acc. F. Lat. Vel F.
By effect Vector Magnitude | Vector Magnitude By effect Vector Magnitude Vector phase

@ Distance between Main frame and front axle

® Moment of inertia of front frame (z-axis)

=12, 200 km/h Weave Wobble 1= 12,200 km/h Weave Wobble
Stability Change Unstable Stable Stability Change Unstable Unstable
Body or Tire Front tire Front tire Body or Tire Front tire Front tire
Details Ste. Ang. F. Yaw Rate F. Details Ste. Ang. F. Lat. Vel F.
By effect Coefficient Mag. Coefficient Mag. By effect Vector phase Vector Magnitude
@ Caster angle Moment of inertia of Main frame (z-axis)
e=12,200 km/h Weave Wobble 1.=1.2,200 km/h Weave Wobble
Stability Change Stable Unstable Stability Change Unstable Unstable
Body or Tire Front tire Body Body or Tire Body Body
Details Ste. Ang. F. Yaw Rate F. Details Roll Rate F. Roll Rate F.
By effect Vector phase Coefficient Mag. By effect Vector magnitude | Vector magnitude
@ Mechanical trail @ Height Center of Gravity of Front frame
t=12,200 km/h Weave Wobble 7=12,200 km/h Weave Wobble
Stability Change Unstable Stable Stability Change Unstable Unstable
Body or Tire Body Front tire Body or Tire Body Body
Details Roll Rate F. Ste. Vel F. Details Roll. Acc. F. Roll Rate F.
By effect Vector Magnitude | Coefficient Mag. By effect Coefficient Mag. | Vector magnitude
® Front wheel turning radius @ Distance between Main frame and Rear axle
R:=1.2, 200 km/h Weave Wobble 1,=1.2,200 km/h Weave Wobble
Stability Change Unstable Stable Stability Change Stable Stable
Body or Tire Body Body Body or Tire Rear tire Body
Details Roll Rate F. Roll Rate F. Details Yaw Rate F. Yaw Acc. F.
By effect Vector Magnitude | Coefficient Mag. By effect Coefficient Mag. | Vector Magnitude
® Front tire cornering power @@ Rear tire cornering power
Cy=12200 km/h Weave Wobble C»=12,200 km/h Weave Wobble
Stability Change Unstable Stable Stability Change Stable Stable
Body or Tire Front tire Front tire Body or Tire Rear tire Body
Details Ste. Ang. F. Ste. Vel F. Details Yaw Rate F. Roll Rate F.
By effect Coefficient Mag. Coefficient Mag. By effect Coefficient Mag. | Vector Magnitude

@ Moment of inertia of front wheel (y-axis)

1= 1.2, 200 km/h Weave Wobble
Stability Change Stable Unstable
Body or Tire Body Body
Details Ste. Vel F. Roll Rate F.
By effect Coefficient Mag. Coefficient Mag.




