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1. INTRODUCTION 
 

Recently, as the feasibility study shows that trans-Korea 
railway and trans-continental railway are advantageous, 
interest in high-speed railway system is increasing. Because 
railway vehicle is environment-friendly and safe compared 
with airplane and ship, its market-sharing increases gradually. 
Korean High Speed Train has been developed by KRRI for 
last 6 years to satisfy the need. 

High-speed railway vehicle has many electric devices such 
as main transformer, motor block and traction motor. As the 
on-board electric devices determine the performances of 
vehicles, production of reliable devices is important. To keep 
the reliability of devices constant, management of temperature 
characteristics of the on-board devices is crucial. Because 
temperature has a serious effect on failures of the components 
of the devices, its measurement is the first step for good 
management.  

In the previous testing methods for measuring the 
temperature characteristics of electric devices, measurement 
was conducted only once and continuous measuring was 
impossible. So, to make clear the effect of temperature on the 
electric devices was very difficult. 

A new measuring system developed in this study makes 
possible individual or simultaneous measurement of 
temperature of each device. So time and cost saving during 
designing and forming the system was possible. First of all, 
because continuous observation of the characteristics of each 
electric device was possible, the temperature characteristics 
around each device at the various conditions [1]-[2] could be 
verified. 

In this study, using the measurement system, the 
temperature characteristics considering speed of traction 
electric motor and main transformer and running time was 
measured and investigated.  
 

2. TEMPERATURE MEASUREMENT SYSTEM 
 
2.1 Configuration of system 
 
Input data for the temperature measurement system is divided 
into two classifications. The first classification is Figure 1, 
which shows configuration of the temperature measurement 

system for main transformer. In this system, the data from the 
measuring points is input directly to the instrumentation 
equipments. Figure 2 shows the second classification. In this 
system, the temperature data from the sensors passes through 
the conditioner and is transmitted to the instrumentation 
equipments [3]-[6]. 
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Fig. 1 Composition of temperature measurement system 

for main transformer 
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Fig. 2 Composition of temperature measurement system 

for traction motor 
 

Figure 3 and figure 4 respectively show the module 
configuration and the external view of the measurement 
system. Temperature of main transformer and traction motor is 
measured by this system. Figure 5 shows 3B module that is 
used to isolate signal noise from traction motor. 
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Fig. 3 Module composition of measurement system 

 
A Study on Mechanical Measurement of Motor and Transformer 

for Korean High-Speed Train 

Young-Jae Han*, Seog-Won Kim*, Sung-Il Seo*, Young-Guk Kim*, Choon-Soo Park*, 
Su-Gil Lee*, Jong-Young Kim* 

* KRRI, Woulam-Dong, Uiwang-City, Kyounggi-Do, Korea 
(Tel : 031-460-5614; E-mail: yjhan@krri.re.kr) 

 
Abstract: Recently, as the road capacity reaches a limit and environmental problems becomes serious, there exists a gradually 
increased need for railway vehicles that are environment-friendly, punctual, reliable and safe. Accordingly, in addition to 
conventional railroad vehicles, lots of vehicles are being newly developed. Korean High Speed Train has been developed for last 6 
years to satisfy the need. Authors developed a measurement system for on-line test and evaluation of performances of Korean 
High-Speed Train. The measurement system is composed of software part and hardware part. Perfect interface between multi-users 
is possible. A new method to measure temperature was applied to the measurement system. By using the system, measurement and 
evaluation of the mechanical characteristics of motors and main transformers in Korean High Speed Train was conducted during 
test running. The measured results for the temperature characteristics of electric devices verify that the measurement system is 
accurate and reliable.  
 
Keywords: measurement system, Korean High-Speed Train, main transformer, traction motor, temperature 

 



ICCAS2003                           October 22-25, Gyeongju TEMF Hotel, Gyeongju, Korea       
 

 

 
Fig. 4 View of measurement system 

 

 
Fig. 5 View of 3B module 

 
2.2 Configuration of program 
 

The measurement program of each module has 4 important 
functions such as hardware configuration, software 
configuration, diagnosis and test. The hardware and software 
configuration is modified so that the same program can be 
used in the measurement module [7]. 

Hardware configuration is the part that defines hardware, 
used in NI products for each measurement module. And the 
hardware configuration performs set-up of actually occupied 
chassis number, module number and model number by using 
drivers offered by NI. 

Software configuration is the part that performs decision 
whether or not to use the channel for the configured channel. 
It calibrates and converts data to actual physical quantity and 
defines maximum and minimum values. It also sets the 
measurement limit range and decides whether or not to 
transmit the data to the integrated monitoring module. 

Diagnosis is the module to confirm the measured signal 
before main test. The measurement manager investigates the 
problem of each channel before main test and removes the 
cause of the problem by using this module.  

During test, the measured signals are displayed and stored. 
The calculated values based on the measured signals are also 
stored. Start or stop of measurement and storage of data are 
performed by the command from main computer. As you can 
see in figure 6, the measurement signal enables to display and 
verify whether the signals are normal or not. Some of the 
signal can be monitored on graph. 

Measured data of channel in measurement module is stored 
as binary with synchronous time. Because trial test running 
takes more than 2 hours, the data is stored as binary, if 
possible, in order to reduce storage capacity. As shown in 
figure 7, which presents the processing flow of the 
measurement data, the stored data in each module is backed up 
in external hard disk, and the test result is analyzed by the 
post-processing program. 

The post-processing program is divided into 2 parts such as 
separation/calculation and analysis. Separation/calculation 
processes separate the stored data of all channels from each 
channel with asynchronous time, and perform simultaneously 
necessary calculation for special purpose. In this process, the 
separated data from each channel and the calculated data are 
stored as the name that is used in each channel and calculation. 

Figure 8 shows the state that represents progressing 
calculation during separation/calculation process. In case that 
actual measuring time is 1 hour, separation/calculation process 
takes about 30 minutes. 

Analysis process is preceded after separation and 
calculation is completed for each channel. In this process, 
analysis of the measurement data in all test period or in some 
special period, plot of report form and data storage in some 
special period can be performed. Figure 9 shows a picture that 
measurement data is stored about special period. The 
measurement and calculation data can be stored as binary and 
text format. The speed and position data is also stored. 
 

 
Fig. 6 Test results view 

 

 
Fig. 7 Flow process of measurement data 

 

 
Fig. 8  Calculation step of post processing program 

 

 
Fig. 9 Data saving display 
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3. TEST RESULT 

 
The traction motor and the transformer should satisfy the 

temperature criterion. In case that the temperature exceeds the 
criteria, these devices may be failed. To prevent failures due to 
overheating, operation of motor block should be stopped at 
high temperature. Failure signals should be sent to 
Supervisory Control Unit through network line. The 
temperature criteria for traction motor, oil of transformer and 
external frame of transformer are 180°C, 135°C and 190°C 
respectively [8]-[11]. 

Figure 10 and figure 11 show temperature changes in the 
traction motors controlled by Motor Block 5 and 6 at the speed 
range of 50km/h to 80km/h. When the vehicle is running, 
temperature of the motor increases. When the vehicle stops, 
temperature goes down. So, the figure shows the typical form 
of temperature characteristic curve. Because the time to start 
measurement is later than the time to start vehicle operation, 
initial temperature is 40°C. Because the maximum speed is 
80km/h, the maximum temperature is 83°C at the most. 

Figure 11 shows temperature change of oil in the 
transformer, where TF1 means the transformer on Power Car 
1 and TF2 means Power Car 2. Because the cooling fan 
operates with low speed at train stop, temperature increases. 
That initial temperature of 39°C and low maximum 
temperature show the similar pattern with those of the motor. 
 

 
Fig. 10 Traction motor termperature characteristics 

in 80km/h 
 

 
Fig. 11 Main transformer termperature characteristics 

at 80km/h 
 

Figure 12, figure 13 and figure 14 show the temperature 
changes of the motor and the transformer when speed 

increases from 100km/h to 130km/h. Figure 12 shows the 
temperature change of two motors controlled by Motor Block 
5. 
 

 
Fig. 12 Traction motor temperature characteristics 

at 130km/h 
 

Figure 13 shows the magnified temperature variation in the 
motor around 130km/h. We can see that temperature increases 
at accelerated speed and decreases at lower speed. The 
temperature change pattern in figure 14 is similar with the 
pattern at 80km/h. 
 

 
Fig. 13 Traction motor temperature characteristics 

in the vicinity of 130km/h 
 

 
Fig. 14 Main transformer temperature characteristics 

at 140km/h 
 

 
Figure 15 shows the temperature test result of the traction 
motor operating at speed of 170km/h. We can observe that 
temperature increases during operating and decreases at stop. 
The maximum measured temperature is 114.7°C. 
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Fig. 15 Traction motor temperature characteristics 

According to speed change 
 
Figure 16 and figure 17 show the temperature test results of 
the traction motor at the running speed of 200km/h and 
230km/h. The maximum temperature is 86.63°C in 200km/h 
and 78.12°C in 230km/h respectively. The maximum 
temperature 83°C in 80km/h shows that external air 
temperature according to season has influence on temperature 
of traction motor. Also, when we compare the temperature at 
200km/h with the temperature at 230km/h even if external air 
temperature is similar, we can see that the temperature of the 
traction motor grows higher as operation time grows longer. 
 

 
Fig. 16 Traction motor temperature characteristics at 200km/h 
 

 
Fig. 17 Traction motor temperature characteristics at 230km/h 
 

4. CONCLUSION 
 

There are various elements that have influence on safety 

and reliability of high-speed railway vehicles. Among them, 
mechanical characteristics of electric devices are very 
important. Therefore, we verified that temperature 
characteristics have influence on damage and durability of 
these parts. 

We designed a measurement system for temperature test, 
and could measure the temperature of each device by the 
system. As the result of temperature test, we could confirm 
that the main transformers and the traction motors on Korean 
High-Speed Train satisfy the criteria. 

Running speed had influence on the temperature of the 
traction motor for Korean High-Speed Train, however running 
time and seasonal elements also have influence on the 
temperature. 

Because operation period is short and the speed is below 
230km/h, we think that further research work to measure 
temperature characteristics at high speed and during long 
running time is necessary. 
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