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wobble and weave modes are typical motorcycle vibration 
modes with frequencies under 10 Hz. In the past study, 
we know that the handlebar operation produced different 
results from the no rider model. Therefore, the frequency 
analyses were conducted on the motorcycle-only model 
and the combined rider model.

・Handle-free: The rider’s hands are not connected to the 
handlebars.
・Fixed handlebar: The handlebars are connected to the 
hands of the human model.
・STD 10-DoF: The rider was represented by a mass 
property fixed to the motorcycle mass property.

2-3-2. Steady state circular test
The radius of the circle was set to 150 m, and motorcycle 
speed was simulated from 80 km/h to 120 km/h in 10 
km/h increments as shown in Table 6. Fig. 6 shows one 
of the driving simulation cases.

Fig. 6 Driving simulation representing the 
steady state circular test

To assess the impact of the human model, the two 
distinct control modes, the SAD mode and the HC mode 
were differentiated, as detailed in chapter 2-2-2.

2-3-3. Slalom running
The slalom test was simulated to study a maneuver 
controller in a transient state. Fig. 7 shows one of the 
driving simulation cases. Three rider models were 
compared as shown in Table 5. The slalom course was 
defined as sinusoidal, and the amplitude was gradually 
increased until it reached 200 m. From 200 m to 500 m, 
the amplitude takes a constant value is shown in Table 6.

Table 5 Rider models for the slalom running simulation

Human model
Maneuvering 

controller

Human model with SAD Human 
(Biomotion)

SAD

Human model with HC HC

STD 10-DoF with SAD
Rigid 

(STD 10-DoF)
SAD

Fig. 7 Driving trajectory in the slalom running simulation

Table 6 Driving simulation conditions

Steady state circular test Slalom Running

Driving 
course

Motorcycle 
speed

80~120km/h 
(in 10km/h increments) 40km/h
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3 		 RESULTRESULT
3-1. Eigenvalue Analysis
The wobble and weave modes in each condition are 
shown in the root locus plot as shown in Fig. 8.

Fig. 8 Root-locus plot for the eigenvalue analysis

The locus of the wobble mode shifted to the stable side in 
the ‘Fixed handlebar’ model compared to the ‘Handle-free’ 
model. When a human body was attached to the handlebar 
in the ‘Fixed handlebar’ model, the steering angle movement 
was suppressed by a spring and damper system as 
represented by the human body parts. In the previous 
paper [4], the force of a handle push increased the number 
of wobble vibrations and moved the locus to the stable side.

However, in this paper, the results were calculated using 
the default parameters of Biomotion. These parameters 
need to be validated by test measurements for a more 
accurate analysis result.

3-2. Steady state circular test
Under the steady state conditions, the criteria for the 
orientation of the angle between the forearm and the 
upper arm are shown in Fig. 9. The direction of each 
arrow shows the axis of rotation.

The simulation results for the steering angle, roll angle, 
steering torque, front/rear tire lateral forces and 

forearm/upper arm angle at different motorcycle speeds 
are shown in Fig. 10. The legend in Fig. 10 indicates the 
maneuvering methods (SAD, HC).

Fig. 9 Reference axes for the Forearm/Upper arm 
angles on the human model

Fig. 10 Results of the ‘Steady state circular test’ 
simulation
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3-3. Slalom Running
The results of the travel trajectory as shown in Fig. 11 
show that the motorcycle follows the runway with a 
larger amplitude in the Y direction than the target 
trajectory. It was found that sinusoidal running in 
constant amplitude can itself be performed in the region 
beyond 200 m of the X-axis distance, although it has 
moved away from the target. In addition, the trajectory 
did not shift even if the control method was changed in 
the same way as for the steady state circular test. Since, 
it was found that the trajectory was almost the same even 
if there was a difference in the presence or absence of a 
human model.

Fig. 11 Results of the ‘Slalom running’ 
simulation in 40 km/h

The trajectory of the enlarged chart is shown in Fig. 12, 
which indicates that the ‘STD 10-DoF with SAD’ was 
tracing in the closest proximity to the target trajectory 
because this had been directly connected to the 
controller without any delayed movement and effect from 

behavior of human parts. The trajectories of the ‘Human 
body with HC’ and ‘Human body with SAD’ models 
exhibited slightly more convex shapes, with the former 
turning later than the latter.

Fig. 12 Enlarged chart of the ‘Slalom running’ simulation 
from 240 m to 250 m

Due to the delay in control through the arms, the 
steering angle of the ‘Human body with HC’ was smaller 
than that of the ‘Human body with SAD’ at 242-246 m as 
shown in Fig. 11. Also, the roll angle in HC mode was 
smaller than in SAD mode at 244-248 m due to the delay 
in the maneuver.

It was explained in chapter 2.2.2 that ‘Human body with 
SAD’ determines the angles of the Forearm and Upper 
arm by directly controlling the steer angle with respect to 
the target steer angle, whereas ‘Human body with HC’ 
controls the steer angle by adjusting the Forearm and 
Upper arm to the target steer angle and operating the 
steering. These delays were caused by this control 
difference.
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4 		 CONCLUSIONCONCLUSION

By using Biomotion on SIMPACK, the human model could 
be used in the motorcycle multibody dynamics 
simulation.

The human model affected the eigenvalues of the wobble 
mode in the same way as in the previous paper. In the 
slalom running, the human model caused a delay in the 
steering angle control and the trajectory convex shape.

In this paper, all parameters of the human parts were set 
to their default values. However, the results indicated 
that, depending on the purpose, the validation of a spring 
constant and a damping coefficient is crucial for an 
accurate simulation. Therefore, one solution is to use the 
machine learning method[5] to calibrate these parameters 
in the short term.
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