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Abstract 
 
The dynamic performances of newly developed railway vehicles should be carefully verified step by step, from 

computer simulation through the laboratory-based roller rig test to the main line trial running test. The laboratory-based 
roller rig test is an effective and safe way to evaluate the dynamic characteristics such as high speed, ride comfort and 
dynamic behaviors. This experimental research was performed to evaluate the dynamic performances of the 200 km/h 
Korean tilting train, ‘Hanvit200’, by means of a full scale roller rig test. The newly developed tilting mechanism and 
stabilizer were included in the tilting bogie to satisfy both the conflicting requirements of higher stability and higher 
curving performance. This paper shows the roller rig test results and the effectiveness of tilting bogie design. Included 
are the roller rig test results of various kinds of conditions such as tare and fully laden load case, normal and failed case 
of important bogie components, linear and non-linear critical speed. 
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1. Introduction 

The tilting train is able to increase the curving 
speed without reducing travel safety or passenger 
comfort. Therefore the application of a tilting train is 
one of the most effective ways to reduce the journey 
time on conventional line with many curves and also 
without enough budget to construct a high speed 
line[1-2]. Many countries have paid increasing atten-
tion to the development of the tilting train. Now the 
tilting train has been put into service in many coun-
tries around the world such as in Europe, America, 
China and Japan. In Korea, the tiling train has not yet 
operated, but the Korea Railroad Research Institute 
(KRRI) has developed Korean tilting train ‘Han-
vit200’ for the first time. The objective of this tilting 

train is to increase the speed of the conventional lines 
such as Jung-ang lines where the high speed KTX 
service is not provided and there are many curved 
sections.  
 

2. Korean tilting train  

The Korean tilting train ’Hanvit200’ was designed 
for maximum speed of 200 km/h. The train is 
equipped with an active vehicle body tilting system, 
which makes it possible to negotiate the curve track 
with 30% higher speed than a normal train without 
affecting passenger comfort. Hanvit200, electrically 
multiple unit type, consists of 6 cars as shown in Fig. 
1. To increase the speed on the existing lines with 
minimum reinforcement of infrastructure, reduction 
of weight is important. Therefore a distributed pro-
pulsion system (4 motor cars and 2 trailer cars) was 
adopted and the FRP-based hybrid materials were 
applied to the vehicle body to achieve the maximum  
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Fig. 1. Overview of Korean tilting train. 

 

 
 
Fig. 2. Overview of tilting bogie. 
 
axle load 15 tons . 

In the bogie of the Korean tilting train, a tilting bol-
ster and tilting mechanism are installed to support and 
tilt the vehicle body[3]. The four-bar linkage system 
was adopted for the bogie tilting mechanism as 
shown in Fig. 2. To achieve both the high speed sta-
bility and curving performance, which conflict with 
each other in a conventional bogie, the soft yaw stiff-
ness and link type stabilizer were applied. 
 

3. Roller rig test and evaluation  

3.1 Roller rig test installation 

The full-scale roller rig used for this study is shown 
on Fig. 3. The rollers of the roller rig which simulate 
the track can both rotate and vibrate in lateral and 
vertical directions. The rotation of the roller rig simu-
lates the forward speed of the vehicle and the excita-
tion of the roller rig simulates the track irregularities.  

The one set of testing bogie for motorized car was 
assembled with the front side of a dummy car body 
which has same weight. The rear side of the dummy  

 
 
Fig. 3. Overview of Roller rig test. 

 
car body was supported by a typical dummy bogie as 
shown in Fig. 3. 
 
3.2 Test condition and scenario 

Two kinds of weight conditions were considered: 
for tare load and for full load condition. At tare load 
condition 16.5 tons was applied above the test bogie, 
and 19.0 tons under full load condition. The track has 
random irregularities with 5 km length which were 
selected from a typical 200 km/h line  

The scenario of the roller rig test was based on a 
combination of various kinds of cases below : 

(a) to predict linear critical speed without external 
excitation  

(b) to predict non-linear critical speed with external 
excitation  

(c) to evaluate vibration ride comfort with external 
excitation to simulate typical track irregularity  

(d) to evaluate the effect of yaw damper for stabil-
ity, the test was conducted without/ half with/ 
fully with yaw damper  

(e) to evaluate the effect of stabilizer for stability, 
the test was conducted with /without stabilizer 

(f) to evaluate the ride comfort in case of air spring 
inflated(normal)/ deflated case  

 
3.3 Test results of stability 

The dynamic stability can be quantitatively ex-
pressed by critical speed. The linear critical speed is 
the speed at which the train becomes unstable and 
hunting motion is excited under the ideal track condi-
tion. Nonlinear critical speed is the speed at which the 
lateral vibration induced by initial external excitation 
does not diminish. Both critical speed tests was done 
under the tare load and full load condition. Also, the  
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Table 1. Critical speed at tare load. 
 

Test case Normal Yaw damper 
failure 

Stabilizer 
failure 

Yaw & 
stabilizer

failure 
Linear 

Vcr 
[km/h] 

Approx. 290 Stable up to 
240 

Stable up to 
240 

Stable up to 
240 

Non-
linear 
Vcr 

Stable up to 
280 

Stable up to 
240 

Stable up to 
240 

Stable up to 
240 

 
Table 2. Critical speed at full load. 
 

Test case Normal Yaw damper 
failure 

Stabilizer 
failure 

Yaw & 
stabilizer

failure 
Linear 

Vcr 
[km/h] 

Stable up to 
240 Approx. 210 Approx. 230 Approx. 185

Non-
linear 
Vcr 

Approx. 240 Approx. 190 Approx. 220 Approx. 180

 

 
 
Fig. 4. Linear Vcr at tare load and normal condition. 

 
critical speed was done under the normal and compo-
nents failed condition. Tables 1 and 2 show the criti-
cal speed(Vcr) of each test case at tare load and full 
load, respectively.  

The stability or critical speed can be estimated by 
rapid increase of lateral displacement of the axle box. 
Some test results are shown in Fig. 4 and Fig. 5. In 
the linear critical speed test, the speed at which the 
vehicle becomes unstable is slightly different from the 
speed at which the vehicle returns to stable state. For 
the full load and yaw damper failed case, beginning 
critical speed is approximately 220 km/h and return-
ing critical speed is approximately 200 km/h 

 
3.4 Test results of ride comfort 

The ride comfort tests was conducted from 60 km/h 
to 200 km/h with the external excitation correspond- 

 
 
Fig. 5. Non-linear Vcr at full load and normal condition. 

 

 
 
Fig. 6. Vertical reduced comfort level at tare load 

 

 
 
Fig. 7. Lateral ride comfort level Leq at various test case. 
 
ing to typical track irregularities as shown in Fig. 4. 
According to ISO2631 and KS R9216, the reduced 
comfort boundary level and ride comfort level Leq 
are post processed. Fig. 6 shows the results of vertical 
reduced comfort level at tare load and air spring nor-
mal case. The dominant frequency in vertical direc-
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tion is 1.7 Hz, which corresponds to the pitching 
mode of the vehicle body. 

Fig. 7 shows the results of ride comfort level Leq 
versus the speed. Both Leqs at tare and full load case 
are not different, The lateral comfort level at normal 
condition was ‘good comfortable’ up to 200 km/h, 
and also the vertical comfort level was ‘not uncom-
fortable’ up to 200 km/h 
 

4. Conclusions 

Through the roller rig dynamic test of the tilting 
bogie for Korean tilting train, the following conclu-
sions can be made: 

The tilting bogie at both tare and full load condi-
tions has sufficient hunting stability. All the critical 
speeds even the failure mode case were above the 
maximum operating speed of 180 km/h. 

The critical speeds at tare load condition are higher 
than the values at full load condition. The critical 
speed was very sensitive to yaw damper and a little 
sensitive to the stabilizer . 

Due to the difference between the roller with finite 
radius and real rail with infinite radius, the critical 
speed estimated by roller rig test may be different 
from a real one.  

The bogie suspension had the proper performance 
of vibration isolation. The ride comfort levels met the 
requirement for bogie design up the target operating 
speed of 180km/h. The ride comfort became much 
worse in case of deflated air spring. 

Due to the difference between test bogie installa-
tion with dummy body and real vehicle body, the 
results of vibration did not reflect the yaw and pitch 
motion of the vehicle body and also the flexible mode 
of a real body. 
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