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JR East has put together the “Move Up” 2027 group management vision and is working on development of fuel cell 
rolling stock with hydrogen energy in anticipation of future diversification of energy sources in order to achieve smart 
trains that qualitatively innovate railways in terms of the environment.  Fuel cells are more energy efficient than diesel 
engines and they do not emit exhaust gases such as CO2 and NOx in powered running.  Therefore, if fuel cell rolling 
stock can be achieved, that would enable greater energy conservation and decrease environmental burden compared with 
diesel railcars.

Fuel cell railway rolling stock that utilizes hydrogen needs to have a large-capacity hydrogen container system onboard 
in order to secure a certain cruising distance.  JR East developed fuel cell test cars from 2005 to 2008 and evaluated those 
by running tests and the like.  However, issues remained of the cost being high for fuel cells and peripheral equipment for 
practical use and hydrogen carrying capacity being small.  

In this research, we thus studied applicability of automobile hydrogen containers to railway rolling stock in order to 
overcome the aforementioned issues with an objective of developing a large-capacity hydrogen storage system that can be 
equipped to railway rolling stock.  In this paper, we evaluated items such as verification of a safe method of combining 
many hydrogen containers and installing them on railway rolling stock and ease of maintenance in utilizing automobile 
hydrogen containers to construct a hydrogen storage system for railway rolling stock.

2. Study of a Method to Efficiently Install Hydrogen Containers to Railway 
Rolling Stock and Design of a Hydrogen Storage Unit

The fuel cell test vehicle developed in 2005 had hydrogen containers installed under the floor, but there were restrictions 
due to existing under-floor equipment, making it difficult to locate many containers there.  This time, we decided 
to locate the hydrogen containers on the roof where there are relatively few restrictions on equipment installed.  We 
decided to mount on one car four units of five hydrogen storage containers placed parallel to each other laterally as an 
efficient way of mounting hydrogen containers on the roof of railway rolling stock.  Moreover, we used a strong frame 
composition of side and cross beams under each unit with each container secured to the frame using two securing bands.  
In that way, we worked to prevent hydrogen containers, piping, and the like from being damaged due to vibration, shock, 
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and the like assumed during vehicle running and that leading to hydrogen leakage.  A saddle-mount method where 
container bodies are secured to frames by metal brackets with insulated anti-slip rubber was employed to secure hydrogen 
containers.  Hydrogen storage units are composed of containers, container securing bands, piping, and the like as shown 
in the figure, and design was done by conducting vibration analysis by the finite element method (FEM), taking the 
following into consideration.

(1) Body vibration 
A material stronger than carbon steel pipe used for pneumatic piping on railway rolling stock was selected as the material 
for hydrogen piping.  Attachment of hydrogen piping to the body was equivalent to that for ordinary pneumatic piping.  
For fittings used for high-pressure piping able to withstand pressures of 1 MPa or greater, metal gasket fittings with lower 
risk of leakage due to vibration than cone and thread fittings were used. 
(2) Body displacement
To handle car body displacement, a four-unit composition of hydrogen storage units was adopted with each unit being 
about 2 m in length.  This enables a size about the same as that of air conditioning equipment and other ordinary 
equipment on the car roof and ability to follow bending mainly in the car body lengthwise direction (in the direction of 
the rails).  
(3) Maintenance 
Metal gaskets were employed for places that require removal and attachment at times such as maintenance and high-
pressure piping at places where connection work is required on active-duty cars in order to enable easy removal and 
attachment.  And for low-pressure piping, union joints and the like were used.  For locations where removal and 
attachment are not required at time such as maintenance, we decided to use welded joints for high-pressure piping and 
screwed joints for low-pressure piping. 

3. Prototype Hydrogen Storage Unit

3.1 Prototype Hydrogen Storage Unit
Fig. 2 shows the exterior and Table 1 the main specifications of a prototype hydrogen storage unit built to evaluate actual 
devices based on the aforementioned design specifications.  The hydrogen storage unit is composed of a unit frame, 
container piping, containers, and container accessories.  Note that piping was temporarily installed and only evaluations 
such as valve and joint evaluation and maintainability evaluation done.  Compressed hydrogen containers for automobile 
fuel systems under the International Reciprocal Recognition Agreement (70 MPa Type IV) were used for the containers 
that make up the hydrogen storage unit and accessories for those containers were used for container accessories (Table 2).  
A saddle-mount method where container bodies are secured at two locations using container securing bands was used 
as the method of securing containers, and container securing band seats were secured to the container frame with bolts. 
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a) Mounted on rolling stock b) Hydrogen storage unit

Fig. 1  Placement of Major Equipment on Fuel Cell Railway Rolling Stock
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4. Evaluation of Hydrogen Storage Unit Safety

4.1 Hydrogen Storage Unit Vibration Tests
In order to perform safety evaluations to identify whether or not the prototype hydrogen storage unit is appropriate for 
mounting on railway rolling stock, we performed vibration and shock tests used for equipment and parts installed on 
railway rolling stock (JIS E 4031: Railway applications – Rolling stock equipment – Shock and vibration tests). 
(1) Test conditions
The hydrogen storage unit is mounted on the roof of the car body, so JIS E 4031 Category 1 Class A conditions were 
applied.

Vibration endurance tests (5 hours) and shock tests (three times each in positive and negative directions, total of six 
times) were performed in sets for the longitudinal, vertical, and traverse directions.  Before and after the aforementioned 
sets, we applied vibration for a short amount of time and measured the transfer function.  For the transfer function, we 
measured response displacement corresponding to excitation displacement at representative measurement points while 
gradually changing the frequency to calculate the magnification factor.  We compared the transfer function measurement 
results before and after testing and confirmed that no remarkable change was seen.
(2) Testing method
Based on the test conditions of (1), above, we performed vibration endurance and shock tests.  Table 3 shows an overview 
of the testing machine, and Fig. 3 shows a specimen on the vibration testing machine.

Fig. 3  Placement of Specimen

Fig. 2  Prototype Hydrogen Storage Unit

Table 1  Major Specifications of  Hydrogen Storage Unit

Outer dimensions 2000 × 900 × 400 mm

Frame material SUS304

High-pressure piping material SUS316

High-pressure piping material 
nominal diameter (thickness) Nominal diameter 3/8 2.0 mm

Unit total weight Approx. 400 kg

Table 3  Major Items of Vibration Testing Machine 

Model TS-9600-40L
(Six degrees of freedom large vibrating table)

Vibrating table dimensions 3000 × 3000 mm

Max. load 2500 kg

Frequency range 2 - 150Hz

Table 2  Basic Specifications of Hydrogen Containers and Their Accessories

Container Container accessories

Working pressure 70.0 MPa Working pressure 70.0 MPa

Max. filling pressure 87.5 MPa Design pressure range 1.4 MPa - 87.5 MPa

External diameter 350 mm Outline dimensions φ180 mm × 35 mm

Total length 900 mm Main body material A6061

Weight 36 kg Weight 1.6 kg
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Measurement of vibration acceleration was done by attaching acceleration pickups at various locations on the specimen.  
(3) Test results
Results of comparing transfer functions measured before and after applying vibration in longitudinal, vertical, and 
traverse directions showed no remarkable difference before and after applying vibration, so we assumed that no problems 
such as cracking during application of vibration occurred.
(4) Function evaluation after applying vibration 
Table 4 shows the method of evaluating after vibration endurance and shock tests, and Table 5 shows the results of that 
evaluation. 

5. Conclusion

We constructed a prototype mockup of a hydrogen storage unit intended to be mounted on railway rolling stock, 
performed vibration and shock tests taking into consideration the usage environment of railways, and verified safety.  We 
performed visual inspection of the hydrogen storage unit after testing, airtightness testing of piping, and nondestructive 
inspections of the frame, securing bands, and piping, confirming that soundness is secured.  Into the future, we will apply 
the knowledge gained this time to design of fuel cell railway rolling stock.

Table 4  Method of Evaluating After Vibration Endurance Test and Shock Test

Check item Method

Visual inspection Visually check for presence of deformation, cracking, missing/loose fasteners, etc.

Fastener looseness

Securing band and container Check with digital torque wrench that residual tightening torque does not 
change after testing.

Securing band and frame Check residual tightening torque and set mark. 

Piping and frame Check set mark of tightening nut parts.

Piping airtightness test Pressurize He gas piping, apply leak inspection liquid to joints after holding for 10 minutes, and check for presence 
of external leaks by bubbling of inspection liquid.  

Nondestructive inspection 

Frame Upon conducting FEM analysis, perform die penetrant test at welded parts where 
high strain is assumed to be generated (approx. 30 locations).

Securing band Perform die penetrant inspection at all welded parts.

Piping Perform die penetrant inspection and radiographic inspection at all welded parts.

Table 5  Results of Evaluation After Vibration Endurance and Shock Tests 

Check item Judgement criteria Pass or fail

Visual inspection · No abnormalities Pass

Fastener looseness · No change in tightening torque
· No set mark mismatch Pass

Piping airtightness test · No pressure drop 
· No bubble leaks Pass

Nondestructive inspection · No crack or flaw indicators Pass


