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R&D Activities and Future Perspectives in Material Technology

Motohide MATSUI

Various kinds of materials are used as components of systems not only in railways but also in other industrial

fields. So far, advances in material technology for structural and functional materials have contributed greatly to

the development of railways. Current R&D activities mostly focus on materials with longer service life, the

clarification of material deterioration mechanisms and so on. However, the pandemic of COVID-19 and rapid

changes in the environment with climate change will have a significant impact on future railways. It is necessary

that material technology will adapt to this drastic transition in order to keep contributing to the sustainable

development of railways.
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Development of Plastering Geopolymer Mortar

Motoki UEHARA

Takatsune SATO

Geopolymer (GP), which does not use Portland cement, has been attracting attention as a new repair material

because of its high CO, reduction and acid resistance. However, its poor plastering workability has been a issue

to be developed for its practical use. Therefore, we developed a prototype GP mortar for plastering work using

fly ash and blast furnace slag fine powder without glass water by the original method named “Si component

powder addition in-situ dissolution method”. As a result, the developed GP mortar showed good workability,

high resistance to acid deterioration, and no cracking under the condition of an alkali component/water molar

ratio of 0.15 and a Si component/alkali component molar ratio of 0.20. Judging from these results, the developed

GP mortar is feasible for practical purposes.
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Evaluation Method for Water Penetration Resistance of Concrete Structures Applicable to Horizontal Surface

Sohei NISHIO

High durability is required for railway structures constructed on the premise of long-term service as social

infrastructure. Technological development that leads to longer life of structures is becoming more important in

terms of contributing to decarbonization. A method called WIST (Water Intentional Spraying Test) developed by

the author of this paper is becoming widespread as a non-destructive test method that can easily evaluate water

penetration resistance that affects the durability of reinforced concrete structures. However, due to the principle

of measurement, the application of the WIST was limited to vertical planes. This paper reports a new

measurement method developed for applying the WIST to horizontal planes. The new method can be

implemented just as easily as the conventional WIST with the same equipment.
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Method for Improving Corrosion Protection by Paint Coating over Metal Layer with Plating and Thermal Spraying

Materials on Steel Bridges

Tatsuro SAKAMOTO

Steel bridges are generally coated to control the progression of corrosion. Since the corrosion resistance of

paint coating tends to decrease with age, a method has been proposed in which a metal coating such as plating or

thermal spraying is used as a base coat and then painted over metal coating. However, there are few cases in

which the long-term durability of cases using this method has been evaluated. Therefore, in order to understand

the long-term durability of combination of various metal coatings and paint coatings, we investigated the

deterioration of metal coating under the paint coating on specimens exposed for about 40 years. Furthermore,

accelerated degradation tests using newly prepared specimens were conducted to evaluate the long-term

durability of metal coating with damage reaching bare metal.
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Study of Rail Grinding Amount by Surface Layer Analysis Using X-ray Diffraction

Yoshikazu KANEMATSU

Motohide MATSUI

Naotaka UEHIGASHI

Rail grinding is so far carried out by many railway companies because of its effectiveness in suppressing

squat. However, few studies have examined the amount of grinding required for rails which have never been

grinded before. Hence, using a quantitative evaluation method of material state by diffraction X-ray analysis, the

depth of surface layer affected by rolling contact was evaluated for rails with cumulative passing tonnage

ranging from 100 to 700 million tons. As a result, it was found that the depth affected by rolling contact tends to

increase to 0.5 to 1.5 mm with increase in cumulative passing tonnage.
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Effects of Segment-structured Carbon Film on Fretting Wear Prevention of Axle Journal Bearings

Yoshiaki OKAMURA Daisuke SUZUKI

Kazuki IKOMA Takafumi NAGATOMO

In an axle journal bearing of railway vehicles, it is necessary to mitigate the fretting wear that occurs between

the contact surfaces of the inner ring and the backing ring. In this work, we investigated the preventive effect of

segment-structured carbon film on the fretting wear through rotation tests of full-scale railway axle bearings

with the backing ring side face coated with the film. As a result, we have found that the film is effective in

suppressing the fretting wear generated on the contact surfaces between the inner ring and the backing ring of

the axle bearings.
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Improvement of Starting Acceleration by use of Gear Oil with Improved Low-temperature Fluidity

Sadayuki KIKAWA Junichi SUZUMURA Kazuki IKOMA

This study explores effects of gear oil with improved low-temperature fluidity on improvement of starting
acceleration of trains running in cold districts. In starting performance tests at -20C, temperature rise of gearbox
in acceleration region was suppressed using the gear oil with improved low-temperature fluidity. Suppressing
effects on temperature rise of gearbox using gear oil with improved low-temperature fluidity was also confirmed
under condition where starting acceleration was increased up to 2.9km/h/s. Accordingly, from these results, it is
found that the use of gear oil with improved low-temperature fluidity is effective in improving starting
acceleration in cold environment. Moreover, it is confirmed that the use of gear oil with improved low-

temperature fluidity tends to suppress gear oil temperature rise under conditions of operation at maximum speed.
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Autonomous Damage Detection System for Damage of Axle Bearings of Railway Car Bogies

Shogo MAMADA Tatsuya OHTA

Masashi MIYAMOTO

Yoshiaki OKAMURA

Axle bearings of railway car bogies are important parts that support the running of the cars. It is desirable to

detect damage to axle bearings at an early state. Therefore, an autonomous damage detection system (ADDS)

was developed that does not require a power supply nor wiring and notifies axle bearing damage to the vehicle

after detecting. The ADDS utilized an anti-vibration rubber with a built-in piezoelectric element and wireless

transmitter; which was installed on the axle box. The damage detection performance of the ADDS was evaluated

using a test machine. In the case of a damaged bearing, the power generated by the piezoelectric element built-in

the rubber could drive the radio transmitter, and the damage could be notified.
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