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Development of Condition Monitoring System for Reduction Unit of High-speed Rail
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This paper presents the development of a condition monitoring system that monitors the 

operating conditions of a reduction unit, such as the bearing temperature, gearbox vibration, and 

gear oil deterioration, and notifies the operator of potential problems or abnormal conditions. A 

series of field tests on high-speed rail and conventional lines was performed to identify the 

characteristics of temperature rise and vibration levels on the reduction unit during operation. The 

monitoring system was designed based on the proper sensor selection, measurement method, 

and signal analysis to optimize the interface with the operating system of high-speed trains. 

Application of this monitoring system to high-speed trains will play an important role in their 

proper maintenance and safe operation. 
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1. Introduction 

 

The reduction unit or gearbox is equipment used for 

high speed railway vehicles to transmit motor’s torque to 

the wheelset, and is one of the major devices permitting 

the vehicle to run at high speed.  

The load applied to the reduction unit during high 

speed train operation is very large, so the safety and 

durability of the gears and the reliability of each 

component are very important. If some faults occur with 

the reduction unit, the vehicle operation must be stopped. 

Daily maintenance is thus required and the components 

of reduction unit must be completely disassembled every 

3 years for repair to prevent accidents.  

A safety system is installed in the high speed rail to 

warn of major equipment failure and provide data on the 

vehicle operating condition. However, there is no safety 

system concerning the reduction unit, so a risk of 

accidents always exists. Therefore, recently, a system to 

monitor abnormal conditions of reduction unit and bogie 

system in high-speed trains is under development.1  

The Multilog Online System2 is an online monitoring 

system for railway vehicles developed by SKF, based on 

the online condition monitoring system applied to wind 
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turbines and gearboxes. This system aims to reduce 

maintenance costs and improve the reliability and safety 

of railway vehicles. It monitors and alarms those items 

which could be damaged such as the axlebox bearing, 

wheel flats, bogie stability and propulsion system 

condition, e.g. traction motors, gearboxes and cardan 

shafts. COMORAN® (Condition Monitoring for Railway 

Applications, KNORR-BREMSE)3 is a bogie monitoring 

and diagnostic system built into the railway brake system. 

This system can monitor and diagnose important items 

related to safety, such as axlebox bearing, unstable 

running and derailment. This type of monitoring system 

is installed on the bogie system and can be monitor 

representative items of the running system, but it is 

impossible to perform more detailed monitoring and 

diagnosis for the reduction unit. 

In this paper, we develop online condition monitoring 

system which can monitor operating state of the reduction 

unit and notify the situation to operator in case abnormal 

condition occurs in reduction unit for safe operation of 

high-speed train. A series of field running test on the high 

speed and conventional line was performed in order to 

identify characteristics of temperature rise and vibration 

change on the reduction unit. In addition, the study for 

proper sensor selection, measuring method and signal 

analysis method to apply monitoring system has been 

carried out and hardware and software, which can 

interface with operating system of high speed trains, was 

built.  

 

2. Structure and Damage Characteristics 

 

2.1 Structure 

The reduction unit on high-speed train (KTX) is 

installed between the motor and wheelset to transmit 

power from the motor to the wheel. The high-speed 

trainset consists of a total of 12 reduction unit, which is 

mounted on the motor bogies. The reduction units for 

high-speed railway vehicle are designed by applying 

parallel cardan drive system and consist of a Motor 

Reduction Unit (MRU) and a Axle Reduction Unit 

(ARU), and a tripod shaft delivering power between the 

MRU and ARU as shown in Fig. 1. 

The MRU is connected to the motor and has an idle 

gear assembled between the pinion and gear to achieve 

adequate separation of centerlines of the motor and 

output shafts. The gear used in the MRU is a helical gear 

with a module of 7, a helix angle of 15° and gear ratio of 

1.89 (tooth number ratio 41/27 x 51/41). 

The ARU is assembled on the axle shaft and is 

connected to the MRU with a tripod shaft, which transmit 

torque from a MRU to an ARU. The gear used in the 

ARU is a spur gear with a module of 8 and a gear ratio of 

1.16 (tooth number ratio 51/44). The gearboxes are 

lubricated with oil bath method, which is rotating gears 

splash lubricant onto the gear system and bearings.  

 

2.2 Failure and Damage 

Because the reduction unit used for railway vehicles 

is subjected to impact loads by rolling contact between 

wheel and rail, the impact acting on the gears and 

bearings are very large compared with the general 

industrial gearbox. Therefore major damage to the 

reduction unit of railway vehicle occurs with gears and 

bearings. For reduction unit of high speed train operating 

in Korea (KTX), damage, including MRU gear shaft 

deviation, gear contact fatigue, and input gear shaft 

failure are of concern.4 

One example of high speed train reduction unit 

damage (Shinkansen, Nozomi) in Japan is case failure. 

Vehicle operation was stopped upon detection of white 

smoke during service, and an investigation revealed that 

the reduction unit was damaged as a result of damage to 

the bearings. Railway service was suspended for over 3 

hours as a result.  

Another example of train accident due to damage of 

Fig. 1 Schematic view of reduction units, motor and 

bogie for Korea high-speed rail 
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reduction unit is the derailment of a diesel car in 

England.5 The vehicle derailed due to the complete 

fracture of axle assembled with reduction unit during 

vehicle service at 151 km/h. The main cause of axle 

failure was a bearing failure by loose fit between the 

gear-side output bearing and axle which preceded the 

overheating of the axle. Railway service was suspended 

for 50 hours to repair the sleepers and railway tracks 

damaged in this accident.  

 

3. Development of Condition Monitoring System 

 

The components that damage occurs mainly in 

gearbox, as shown in Fig. 2, are gear tooth, gear case, 

bearing, shaft, bolt, and oil.6 If defects occur to one of 

these components in gearbox during operation, the 

gearbox exhibits abnormal conditions such as an increase 

in noise and vibration, temperature rise and lubrication 

leakage etc. Therefore, measuring these abnormal 

conditions with the help of various sensors is one of the 

best methods for condition monitoring7 and damage 

identification of industrial gearboxes. For condition 

monitoring of reduction unit in high speed railway, 

vibration of gear case, temperature rise of bearing cover 

and deterioration of lubrication were selected as the 

monitoring signal. Noise from gearbox was excluded 

from the measuring parameter because most of the noise 

in bogie is generated from wheel-rail rolling contact. A 

detail description for each monitoring signal adopted in 

condition monitoring system of reduction unit on high-

speed rail is as follows. 

 

3.1 Temperature Monitoring 

Generally, heat in the reduction unit is generated by 

gear contact friction, friction between lubricant and gears, 

oil churning and friction between oil seal and shaft, and 

some heat is dissipated to the outside of gear case. The 

temperature of reduction unit in operation will increase 

excessively mainly due to bearing damage or lack of 

lubricant and this abnormal temperature rise can be 

detected by the monitoring system.  

The temperature rise of reduction unit mounted on 

the Korea high-speed rail (KTX) in service was measured 

in order to review the operating conditions of temperature 

monitoring system. Fig. 3 shows the test result of 

temperature rise measured on the bearing cover of 

reduction unit while the vehicle was in service on the 

Gyeongbu Line. The test result show that as the vehicle 

speed increase the temperature of bearing cover increase, 

and the maximum temperature occurs after the vehicle 

run its maximum speed. The highest temperature 

measured indicate 78℃ at the bearing cover of MRU 

idle gear, 83℃ at the bearing cover of MRU output gear, 

and 76℃ at the bearing cover of ARU input gear.  

In technical specification of motor reduction unit and 

axle gear reduction unit on bench test, the stabilized 

temperatures at bearing cover and oil defined as not be 

exceeded 80℃ maximum considering ambient 

temperature.8 So, the measuring range of temperature 

sensor was set to be a min. of -55℃ and a max. of 150℃. 

The IC type temperature sensor (AD590) is adopted in 

temperature monitoring system because it has advantage 

such as low price, linearity of data, and no additional 

Fig. 2 Some typical damage and abnormal condition in 

gearbox 

 

Fig. 3 Temperature rise in the reduction unit in 

Gyeongbu line 
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circuits, etc. The system was designed to measure 

temperature changes in reduction units and to transmit the 

temperature data wirelessly and to diagnose operating 

condition.  

Fig. 4 shows the location of temperature 

measurement in reduction unit and a system block 

diagram. The temperature monitoring system consists of 

a sensor and a signal processing device (transmitter and 

receiver). The selected measurement locations include 

bearing cover of reduction unit, the gear oil and the 

ambient temperature. Device for signal processing is 

consist of current-voltage converter, Analog to Digital 

converter (ADC), µ-processor, wireless communication 

device, Universal serial bus (USB) interface device, 

display. The output current signal of the temperature 

sensor can be converted to the voltage signal and 

amplified using operational amplifier in accordance with 

changing temperature at every second. The amplified 

signal is converted to a 10bit digital code by analog to 

digital converter in the µ-processor (Atmega128) at 

conversion time of 260µs sampling per second. 2.4Ghz 

Transceiver RF Module at the lower part of a vehicle 

send the data to the receiver into carbody. Received data 

is transport to computer using Universal Serial Bus. Also, 

monitoring program with diagnosis algorithm can be 

analysis and save the abnormal condition of reduction 

gearbox units in real time. 

 

3.2 Vibration Monitoring 

In the reduction unit, vibration is always present 

under normal operating conditions; but the level of 

vibration usually increase with deterioration or fault of 

the machine component such as gear, bearing and shaft. 

Vibration from the gears may increased by gear wear, 

failure, surface damage, misalignment, and component 

resonance, while vibration from the bearings may 

increased by improper mounting, misalignment, improper 

lubrication, bearing fatigue, corrosion and foreign particle 

contamination. Therefore, it is possible to recognize the 

condition of reduction unit by continuous monitoring of 

vibration during operation.  

A series of field running test on the high speed and 

conventional line was performed in order to identify the 

characteristics of vibration change on the reduction unit. 

Fig. 4 Locations of temperature sensor and a system 

block diagram of temperature monitoring system
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Fig. 5 Vibrations of reduction unit in Gyeongbu line 

(between Gwangmyung and Daejeon) 
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Fig. 6 Trend of crest factor of reduction unit vibration 

in Gyeongbu line (between Gwangmyung and 

Daejeon) 
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Fig. 5 shows the vibration levels produced by MRU and 

ARU during service on the high speed line between 

Gwangmyung and Daejeon. The vibration produced by 

the reduction unit shows a tendency that it is increase 

according as the vehicle speed increases and the level of 

vibration on ARU installed in an axle is greater than that 

on MRU. Since this level of vibration on time domain 

varies according to vehicle speed, it is difficult to set as a 

vibration criterion for abnormal conditions. Therefore, 

the dimensionless parameters such as crest factor or 

kurtosis are often used for condition monitoring.  

Fig. 6 shows the level of crest factor on the high 

speed line between Gwangmyung and Daejeon. The crest 

factor (peak/rms) of reduction unit of high speed railway 

vehicle usually indicates a value between 3 and 5.  

In addition, it seems more affected by railroad 

conditions than speed, because the peak value is larger 

during Honam Line service than Gyeongbu Line service. 

As a result of frequency analysis, the gear mesh 

frequency (GMF) was well observed for the MRU and 

ARU.  

The vibration monitoring system consists of a sensor, 

client, and server as shown in Fig. 7. The vibration 

monitoring system uses an ICP type acceleration sensor 

considering the applicability, and monitors gearbox 

vibration in the vertical and axial directions. The client 

monitors the vibration state of each power bogie and 

reduction unit, and delivers the vibration data 

immediately by communicating with the server. The 

client is installed on the power bogie where the reduction 

unit is mounted, and measures data produced by 8 

vibration channels in 4 reduction units, 1 bogie vibration 

channel and 1 axle speed channel per driving bogie. A 

total of 6 clients are installed per trainset.  

The client analyzes the real-time vibration signal into 

vibration parameters and delivers the results to the server. 

Delivered vibration parameters include rms, Overall, 

Peak-to-Peak, 1x, GMF, Crest Factor, Envelope, BPFI 

(ball pass frequency inner) and BPFO (ball pass 

frequency outer). The Server is installed on the front and 

rear of the railway vehicles. One server carries out 

arithmetic operations and terminal and data storage, and 

the other server acts as a terminal only. The server 

synchronizes client access and collects the analyzed 

vibration parameter data via Ethernet. The server 

diagnoses machine operating conditions using the 

vibration parameter data received and displays the 

analysis result to the user.  

 

3.3 Lubrication Monitoring 

The physical and chemical characteristics of lubricant 

gradually change as a result of the heat produced by 

friction or contact between metal parts, metal abrasion 

particles, oxygen, and moisture in the air. If water is 

mixed into the lubricating oil, its viscosity gradually 

changes and the gear can become damaged, so water 

must be removed or gear oil shall be replaced. In addition, 

if the lubricating oil is insufficient through leakage, the 

lack of effective lubrication leads to mechanical wear or 

damage in reduction unit. It is therefore very important to 

continuously monitor the state of the lubricant to detect 

abnormal conditions in advance and also to extend 

component life of reduction unit. 

In case of reduction unit of high speed railway 

vehicles, gear oil is periodically collected and analyzed to 

check oil condition, but oil deterioration is only 

determined through the quantity of iron, which is an 

abrasion component produced by contact between metal 

①: System Monitor, ②: Server Storage, ③: Sensor, ④: Client Box, ⑤: Lan Cable, ⑥: Power Cable, ⑦: Junction Box 

Fig. 7 Schematic of vibration monitoring system 
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parts. This kind of component analysis requires expensive 

analysis equipment and takes a long time to perform. 

Therefore, a system to monitor oil conditions in real time 

by installing deterioration detection sensor in the 

reduction unit is developed. 

The oil monitoring sensor was selected from among 

many commercial sensors after water, iron, temperature, 

and oxidation tests were conducted in the laboratory. The 

selected sensor (Argo-Hytos sensor) has a good result on 

correlation test with water, iron and oxidation, and it is 

suitable for reduction unit service conditions. The oil 

monitoring sensor is mounted to the oil injection hole 

because the process or drilling of gear case is not needed. 

The lubricant condition monitoring system was designed 

to send a warning signal if the permittivity and relative 

humidity are higher than the limit value. In addition, 

since the system can inform the remaining lubricant life 

by calculating its degradation level on the basis of 

temperature, electric conductivity and permittivity, the oil 

change or maintenance period can be more accurately 

estimated.  

 

4. Conclusion 

 

In this paper, a condition monitoring system of the 

reduction unit, which can monitor operating condition 

and notify the situation to operator in case abnormal 

condition occurs, is developed for safe operation of high-

speed rails. The condition monitoring system consists of 

system to monitor bearing temperature, gearbox vibration 

and gear oil deterioration.  

The temperature monitoring system consists of a 

sensor and a signal processing device (transmitter and 

receiver), and can monitor temperature of bearing cover, 

gear oil and ambient temperature of reduction unit. The 

vibration monitoring system consists of a sensor, client, 

and server, and monitors gearbox vibration in the vertical 

and axial directions. The client monitors the vibration 

state of each power bogie and reduction unit, and delivers 

the vibration data immediately by communicating with 

the server. The server diagnoses machine operating 

conditions using the vibration parameter data received 

and displays the analysis result to the user. The Lubricant 

condition monitoring system measures the permittivity 

and relative humidity of gear oil, notifies user a warning 

signal in the case of over limit value. 

When this monitoring system is applied to the high 

speed trains, it can play an important role in safe 

operation of high-speed rail and the measured data from 

this are expected to be used as the basis data for the 

maintenance. 
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