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Experimental Case Study on Hunting Stability Improvement Using a Gyroscopic Damper
(Kajian Kes Eksperimen Terhadap Peningkatan Kestabilan Hunting Menggunakan Pelembap 

Giroskopik)

PANAV SINGH, KEIJU IWAKAM & HIROSHI YABUNO

ABSTRACT

Hunting motion, a self-excited lateral oscillation that restricts safe operating speed, is common in railway 
vehicles. A fundamental trade-off in design results from increasing wheel tread angle, which enhances curving 
performance but decreases straight-running stability by lowering the linear critical speed. Yaw dampers and other 
conventional solutions can have a negative impact on curving performance or necessitate intricate tuning. An 
alternative strategy to increase straight-running stability without altering the wheel-rail contact geometry is the 
use of a gyroscopic damper. The usefulness of a gyroscopic damper in increasing the linear critical speed of a 
railway wheelset is investigated experimentally in this case study. A single wheelset mounted on a roller rig was 
used for the experiments, both with and without gyro rotation, under various tread angle configurations. Time-
domain responses and frequency-domain analysis were used to detect hunting motion. The experimental findings 
demonstrate that while turning on the gyroscopic damper raises the critical speed even for large tread angles, a 
larger tread angle dramatically lowers the linear critical speed. These results demonstrate that the gyroscopic 
damper can reduce hunting instability while maintaining curving performance. The study demonstrates how 
gyroscopic damping can be utilized to enhance railway vehicle stability.

Keywords: Hunting Motion, Gyroscopic Damper, Railway Wheelset, Linear Critical Speed, Roller Rig Experiment

ABSTRAK

Pergerakan hunting, iaitu ayunan sisi teruja kendiri yang mengehadkan kelajuan operasi selamat, lazim berlaku 
pada kenderaan rel. Kompromi asas dalam reka bentuk berpunca daripada peningkatan sudut bunga roda (wheel 
tread angle), yang meningkatkan prestasi selek tetapi mengurangkan kestabilan larian lurus dengan menurunkan 
kelajuan kritikal linear. Pelembap yaw dan penyelesaian konvensional yang lain boleh memberi impak negatif 
terhadap prestasi selek atau memerlukan penalaan yang rumit. Strategi alternatif untuk meningkatkan kestabilan 
larian lurus tanpa mengubah geometri sentuhan roda-rel ialah penggunaan pelembap giroskopik. Keberkesanan 
pelembap giroskopik dalam meningkatkan kelajuan kritikal linear bagi set roda rel dikaji secara eksperimen 
dalam kajian kes ini. Satu set roda tunggal yang dipasang pada pelantar gelek (roller rig) digunakan untuk 
eksperimen tersebut, sama ada dengan atau tanpa putaran giro, di bawah pelbagai konfigurasi sudut bunga roda. 
Tindak balas domain masa dan analisis domain frekuensi telah digunakan untuk mengesan pergerakan hunting. 
Dapatan eksperimen menunjukkan bahawa walaupun mengaktifkan pelembap giroskopik meningkatkan kelajuan 
kritikal (termasuk untuk sudut bunga roda yang besar), sudut bunga roda yang lebih besar mengurangkan kelajuan 
kritikal linear secara mendadak. Keputusan ini membuktikan bahawa pelembap giroskopik dapat mengurangkan 
ketidakstabilan hunting sambil mengekalkan prestasi selek. Kajian ini menunjukkan bagaimana pelembapan 
giroskopik boleh dimanfaatkan untuk meningkatkan kestabilan kenderaan rel.

Kata Kunci: Pergerakan Hunting, Pelembap Giroskopik, Set Roda Rel, Kelajuan Kritikal Linear, Eksperimen 
Pelantar Gelek (Roller Rig)
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INTRODUCTION

Wheel-rail contact forces and vehicle dynamics interact 
to cause hunting motion, a self-excited oscillation of 
railway wheelsets. Lateral oscillations increase quickly 
and may jeopardize ride comfort and safety once the 
vehicle speed surpasses a particular threshold known 
as the linear critical speed. Therefore, increasing 
hunting stability is essential to the operation of high-
speed railroads.Both straight-running stability and 
curving performance are significantly impacted by 
wheel tread geometry. Although a large tread angle 
increases self-steering behavior and improves curving 
ability, it also lowers the linear critical speed and makes 
one more vulnerable to hunting. On the other hand, 
a small tread angle reduces curving performance but 
increases stability at high speeds.The design of railway 
vehicles is severely hampered by this trade-off.A 
number of techniques, such as yaw dampers and active 
control systems, have been put forth to reduce hunting 
motion. Nevertheless, these solutions might add more 
complexity or have a detrimental effect on curving 
performance. An alternative method that raises the 
linear critical speed without changing standard design 
parameters is a gyroscopic damper.This case study

aims to experimentally assess how well a 
gyroscopic damper enhances hunting stability. Time-
domain and frequency-domain analyses are used to 
examine the impact of tread angle and gyro rotation on 
the start of hunting motion using a roller rig experiment.

Although several analytical and numerical 
studies have investigated hunting stability and the 
potential of gyroscopic effects, experimental validation 
under controlled conditions remains limited. In 
particular, few studies have systematically examined 
the combined influence of tread angle and gyroscopic 
damping on the linear critical speed using physical 
experiments.

The novelty of this study lies in providing 
experimental evidence of hunting stabilization using 
a gyroscopic damper under different tread angle 
configurations on a roller rig. This work clarifies 
how gyroscopic damping can compensate for the 
destabilizing effect of large tread angles without 
modifying wheel–rail contact geometry.

BACKGROUND OF THE STUDY

Hunting motion comes from non-conservative forces 
created at the wheel-rail contact point. Small side 

movements of the wheelset produce restoring forces 
that can destabilize at higher speeds, causing sustained 
oscillations. People often assess the stability of this 
system using the idea of linear critical speed, which is 
the speed above which oscillations grow rapidly.

Wheel tread angle is key to these dynamics. A 
larger tread angle helps the wheelset handle curves better 
by creating stronger restoring forces during curving. 
However, these same forces increase lateral oscillations 
during straight running, leading to a lower critical 
speed. Many discussions in railway dynamics literature 
focus on this phenomenon, and both theoretical and 
experimental studies support these findings.

Previous research suggested that gyroscopic 
effects could change the dynamic behavior of wheelsets. 
By adding angular momentum through a rotating mass, 
gyroscopic coupling forces can provide stabilizing 
moments that fight lateral oscillations. While analytical 
and numerical studies have shown promise for this 
method, experimental evidence under realistic running 
conditions is still limited.

This study builds on prior work by concentrating 
on experimental verification with a simplified wheelset 
model. It focuses on understanding how gyroscopic 
damping affects hunting stability under various tread 
angle conditions.

ISSUE

This case study digs into a classic headache in railway 
engineering: balancing how well a train takes curves 
against how steady it runs in a straight line. When you 
bump up the wheel tread angle, trains handle curves 
better, but they start to wobble-or hunt-at higher speeds. 
Dial the tread angle down, and you get a smoother, 
more stable ride on a straight track, but then corners 
become a problem.

Engineers have tried using yaw dampers to 
steady things out. They help with straight-line stability, 
but sometimes they make it harder for the train to handle 
curves or force you to spend a lot of time fine-tuning the 
setup. What everyone wants, really, is a fix that keeps 
the train steady at high speed without messing up its 
ability to take a corner.

This study looks at one possible answer: using 
a gyroscopic damper. The idea is to boost the train’s 
critical speed—how fast it can go before it starts 
hunting—without having to mess with the shape of the 
wheels.
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THEORY OF ANALYSIS

Experimental Setup

The experimental investigation was conducted using a 
single wheelset mounted on a roller rig. The roller rig 
simulates straight-running conditions by allowing the 
wheelset to rotate while maintaining controlled lateral 
and yaw motion. A gyroscopic damper was installed 

on the wheelset to introduce gyroscopic effects during 
rotation.

The overall experimental configuration 
includes the wheelset, rollers, suspension springs, 
gyroscopic damper, and measurement sensors. Lateral 
displacement and rotational motion were recorded 
using displacement sensors and rotational encoders. 
Data acquisition was performed at a sufficiently high 
sampling frequency to capture hunting oscillations.

(a) (b)

FIGURE 1. Photograph of the experimental setup: (a) wheelset mounted with a gyroscopic damper, (b) 
gyroscopic damper

Experimental Conditions

Experiments were conducted under multiple conditions 
to examine the influence of tread angle and gyroscopic 
damping:

i.	 Small tread angle without gyro rotation
ii.	 Large tread angle without gyro rotation
iii.	 Large tread angle with gyro rotation

For each condition, the wheelset speed was 
gradually increased until hunting motion was observed. 
Spring stiffness values were selected to represent 
realistic suspension characteristics. Particular attention 
was paid to the rolling constraints, as excessive 
constraint was found to influence the onset of hunting 
motion.



172

TABLE 1. Experimental test conditions

Case No. Tread Angle 
Category

Spring Stiffness Level Gyroscopic 
Damper Purpose

1
condition

Small Baseline OFF Reference

2
Effect

Large Baseline OFF Tread Angle

3
Rotation

Large Baseline ON Gyro

4
Effect

Large Increased OFF Stiffness

5
Effect

Large Increased ON Combined

The experimental conditions are summarized in 
Table 1. Due to limitations in available measurements, 
tread angle and spring stiffness are classified 
qualitatively as small/large and baseline/ increased, 
respectively. These categories are sufficient to evaluate 
the relative influence of tread geometry, suspension 
stiffness, and gyroscopic damping on hunting stability.

Identification of Hunting Motion

Hunting motion was identified using both time-domain 

and frequency-domain analyses. Time-history responses 
of lateral displacement were examined to detect the 
onset of oscillations. Frequency-domain analysis was 
performed using Fast Fourier Transform (FFT) to 
distinguish hunting frequency from wheel rotational 
frequencies.

A clear peak in the frequency spectrum 
corresponding to lateral oscillation was used as the 
criterion for identifying hunting motion. This approach 
allowed reliable detection of the critical speed under 
different experimental conditions.

FIGURE 2. Frequency spectrum of lateral displacement showing a dominant hunting frequency
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RESEARCH IMPLICATIONS AND 
RECOMMENDATIONS

Effect of Tread Angle

The experimental results show that increasing the tread 

angle significantly reduces the linear critical speed. 
For the large tread angle configuration without gyro 
rotation, hunting motion occurred at a lower speed 
compared to the small tread angle configuration. This 
observation confirms the expected trade-off between 
curving performance and straight-running stability.

FIGURE 3. Peak-to-peak lateral displacement versus running speed

Figure 3 shows the variation of peak-to-
peak lateral displacement with running speed during 
increasing and decreasing speed tests at high tread 
angle. A sudden increase in vibration amplitude is 
observed beyond a certain speed, indicating the onset 
of hunting motion. The difference between increasing 
and decreasing speed paths suggests hysteresis in 
the hunting phenomenon, which is caused by the 
nonlinearity of the system.

Effect of Gyroscopic Damper

When gyro rotation was activated for the large tread 
angle configuration, the linear critical speed increased 
noticeably. The lateral oscillations were suppressed 
over a wider speed range, and hunting motion occurred 
at a higher speed compared to the non-gyro case.

To evaluate the effect of the gyroscopic damper 
on hunting stability, experiments were conducted with 
the damper switched off (0 rpm) and activated at a 

rotational speed of 2000 rpm. Figures 4 and 5 show 
the variation of peak-to-peak lateral displacement with 
running speed for both cases.

Figure 6 shows a simple flowchart of the 
experimental procedure used to identify hunting motion 
and determine the linear critical speed. 

DISCUSSION

The experimental results agree with previous theoretical 
and numerical studies which reported that large tread 
angles reduce the linear critical speed due to increased 
lateral restoring forces (Wickens, 1965; Zhang & Dai, 
2017). The present experiments confirm this tendency 
under realistic rolling conditions.

Compared with earlier analytical work on 
gyroscopic stabilization (Yabuno et al., 2008), this 
study provides direct experimental evidence that 
gyroscopic damping can effectively delay the onset of 
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FIGURE 4.Peak-to-peak lateral displacement versus running speed with gyroscopic damper switched off (0 
rpm).

FIGURE 5.Peak-to-peak lateral displacement versus running speed with gyroscopic damper rotating at 2000 rpm
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FIGURE 6. Experimental procedure for hunting identification



176

hunting motion. Unlike conventional yaw dampers, the 
gyroscopic damper does not constrain curving motion 
because it acts through inertial coupling rather than 
resistive forces.

From a practical viewpoint, the results 
suggest that gyroscopic damping could be used as a 
supplementary stability device for high-speed railway 
vehicles, allowing larger tread angles for improved 
curving performance while maintaining straight-
running stability. This approach may reduce reliance 
on heavy damping elements and complex control 
strategies.

CONCLUSION

This case study experimentally investigated the effect 
of a gyroscopic damper on hunting stability using 
a roller rig experiment. The results confirmed that 
large tread angles reduce linear critical speed, while 
gyro rotation significantly increases it. The findings 
demonstrate that gyroscopic damping can mitigate the 
trade-off between curving performance and straight-
running stability, highlighting its potential for practical 
railway applications.

Future work should include experiments on 
full vehicle models, investigation of nonlinear effects at 
higher amplitudes, and optimization of gyro parameters 
for different operating conditions.
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