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Ventilation equipment installed on Shinkansen rolling stock 
has non-woven fabric filters on fresh-air inlets to prevent dust 
intrusion.  As the filters become clogged with accumulated 
dust, the ventilation volume declines.  Periodic maintenance is 
conducted to prevent clogging, but that cannot keep up with 
the accumulation of dust in seasons with much dust, and extra 
maintenance is needed.

In light of this background, we developed a cyclone dust 
collector that can be applied to Shinkansen rolling stock as dust 
removal method to replace filters.  With this, we hope to prevent 
decline in ventilation volume due to clogged filters and reduce 
maintenance.

Overview of Cabin Ventilation for 
Shinkansen Rolling Stock2

2.1 Airtight Body Structure and Ventilation 
Shinkansen rolling stock traveling at high speed sees large fluctuations 
in outside air pressure when passing through tunnels.  As that 
abrupt pressure fluctuation is transmitted to the cabin, a variety 
of undesirable situations occur, such as popping ears, difficulty in 
opening and closing doors, and backflow in places where water is 
used.  Those have been experienced since the start of the Tokaido 
Shinkansen, the first Shinkansen line1).  In order to alleviate that 
abrupt pressure fluctuation, the body has a structure where the cabin 
is airtight.  

Natural ventilation cannot be done with airtight structures, so 
forced ventilation is done by ventilation equipment located in each 
car.  Fig. 1 shows an overview of Shinkansen cabin ventilation.

Introduction1
2.2 Cabin Pressure Regulation by Ventilation Equipment
Ventilation equipment has high static pressure fans installed 
at the intake and exhaust sides to control outside pressure 
transmitted through them to the cabin.  Those maintain balance 
between intake and exhaust while absorbing abrupt fluctuations 
in outside pressure.  At that time, they regulate cabin pressure 
to be slightly higher than outside pressure, and various rolling 
stock equipment is structurally designed according to that.  As 
ventilation equipment filters become clogged, the volume of 
air coming in from the intake side decreases, but there is no 
change in volume of cabin pressure emitted at the exhaust side, 
so the volume of air emitted becomes large and cabin pressure 
decreases. 

In order to prevent this phenomenon, filter maintenance is 
performed at rolling stock periodic inspections.  Filters become 
clogged faster in seasons with much dust, so filter maintenance 
other than at periodic inspections is also needed.  However, that 
is done in between periodic inspections of other rolling stock, so 
doing that work in a planned manner is difficult, resulting in it 
being an issue in terms of maintenance.  Fig. 2 shows ventilation 
equipment and its filter. 

Development of Cyclone Dust Collector for 
Shinkansen Trains

Shinkansen rolling stock has equipment that keeps passenger cabin ventilation volume constant.  For this system, a non-woven fabric 
filter is used on the fresh-air inlet to prevent dust intrusion.  Since filter clogging causes ventilation volume to decline, we need periodical 
maintenance.  We are developing a cyclone dust collector as a substitute for the filter in order to prevent decline in ventilation volume 
and to reduce maintenance.
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Fig. 1  Overview of Shinkansen Cabin Ventilation
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Fig. 4 shows the mechanism of an ordinary cyclone dust 
collector (hereinafter, the “dust collector”). 

3.3 Dust Collector Design 
In order to install the dust collector to rolling stock, we made a 
configuration made up of the “body” holding the dust collection 
function part, a “connection duct” that connects the dust collector 
and ventilation equipment, and “hanging struts/fittings”.  This 
was done not only due to installation specifications, but also to 
distribute the weight and allow parts to be carried by workers 
when installing and removing the dust collector.  When the dust 
collector is installed, the filter for the ventilation equipment is 
removed.  Fig. 5 shows an image of the parts making up the dust 
collector, and Fig. 6 shows an image of installing to ventilation 
equipment. 

As for size, we considered the largest dimensions that could 
be installed in the narrow space under Shinkansen rolling stock 
because pressure loss is large when the ventilation equipment 
sucks in fresh air if the dust collector is small.  As a result, a short 
body was needed, unlike with ordinary cyclone dust collectors.  
We thus made the following modifications in order to secure duct 
collection performance and designed and produced a prototype 
with a structure shown in Fig. 7. 
1)  Set two air inlets in order to secure necessary air flow.
2)  Set baffle plate and duct/groove on the wall of the cylindrical 

part of the body to actively collect dust.  

Development of a Cyclone Dust Collector3

The following presents an overview of the cyclone duct collector 
developed as a new dust collection system to replace filters in 
order to prevent reduced ventilation volume due to clogging 
of ventilation equipment systems and solve the issue of filter 
maintenance.

3.1 Selection of Types of Dust to be Collected 
Investigation of types of dust sucked in by the ventilation 
equipment revealed the presence of sand-like materials, lint, 
dead leaves and other plant materials, feathers, and insects.  
Of those, sand-like materials as shown in Fig. 3 make up the 
majority of materials picked up, and those have particle sizes of 
from a few tens of micrometers to hundreds of micrometers.  In 
this research, we set the size of particles to be collected as about 
10 μm to 500 μm.  

3.2 Selection of Dust Collection Method
Dust collection device systems can be broadly classified as  
shown in Table 1 according to an commentary on environmental 
technologies2) by the National Institute for Environmental Studies 
(NIES) and selected according to usage.  For the Shinkansen, the 
cyclone type is assumed to be appropriate taking into account 
applicable particle size and dust collection efficiency.  The system 
features a structure that is difficult to be clogged by dust, and it 
can be operated by the suction force of the ventilation equipment 
alone, so additional power sources are not needed.  We therefore 
decided to develop a cyclone dust collector. 
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1) Air that includes dust is taken in 
　　by suction from the exhaust outlet. 

2) Air taken in forms a cyclone-shaped 
　　air stream in a cylinder, and it spins 
　　along the wall by centrifugal force and 
　　drops down.

3) Air with dust removed is obtained by 
　　sucking up　air near the center of the 
　　cylinder.

Fig. 4  Mechanism of Ordinary Cyclone Dust Collector

Fig. 5  Image of Components of Dust Remover
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Fig. 3  Sand-like materials
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Particle 
diameters 
handled 

[μm]

Dust 
collection 
efficiency 

[%]

Gravitational Particles in gas are separated by 
settling due to gravity. 1000 – 50 40 – 60

Inertial
Direction gas flows is changed and 
particles are separated by inertia acting 
on them.

100 – 10 50 – 70

Centrifugal Gas is spun in a cylinder and particles 
are separated by centrifugal force. 100 – 3 85 – 95

Scrubbing
Gas is passed through a liquid, liquid 
is injected in gas, or both methods are 
used to make particles adhere to liquid.

100 – 0.1 80 – 95

Filtering Particles are passed through a filter to 
separate them from gas 20 – 0.1 90 – 99

Electrostatic Dust is charged and it adheres to an 
electrode plate of opposite polarity. 20 – 0.05 90 – 99.9

Table 1  Dust Collector Systems and Features
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In stand-alone tests using the prototype produced, we 
observed a phenomenon where recovered dust once again was 
stirred up.  We therefore modified the structure as shown in 
Fig. 8 for the bottom surface to be blocked and the dust recovery 
route to be only via the duct.  As a result, that phenomenon was 
alleviated. 

3.4 Prototype Installed on Active Duty Cars for Testing 
Fig. 9 shows an image of the exterior of a prototype dust collector 
produced for testing on active duty cars.  Air inlets were equipped 
with metal screens to prevent large particles from getting in, and 
the device was given a structure where dust accumulates in a box 
at the bottom to allow separated dust to be recovered at periodic 
inspections.  The air flow adjustment plate on the ventilation 
equipment could not operate any more with the dust collector 
installed, so the dust collector was provided with an air flow 
adjustment plate.

Testing on Active Duty Cars4

4.1 Testing on Active Duty Cars
The dust collector was temporarily installed on a series E7 
Shinkansen car where performance was confirmed in a stationary 
state and running tests conducted over three days in the field on 
a train making test runs (3676.8 km traveled).  Basic data on 
the dust collector was obtained and dust collection performance 
was compared with that of current filters.  Fig. 10 shows the 
dust collector temporarily installed on a car.  At temporary 
installation, we found that it was difficult to attach and adjust 
the dust collector.  

4.2 Obtaining Basic Data
With the dust collector attached to the ventilation equipment, we 
obtained basic data on the following two points and confirmed 
that the ventilation equipment meets certain performance 
requirements. 
1)  Necessary air flow can be secured.
2)  Cabin pressure fluctuation while running can be kept within 

standard values.
We also measured and compared cabin noise level of a car 

with the dust collector and a car with the filter, but no significant 
differences in noise level were seen.
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Fig. 8  Improvements as Measures against Stirring Up 
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Fig. 9  Image of Exterior of Dust Collector for 
Testing on  Active Duty Cars
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Fig. 7  Modifications to Secure Dust Collection Performance

(View from center of body in direction of rails)
Fig. 10  Dust Collector Temporarily Installed on Car
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4.3 Dust Collection Performance Comparison 
Fig. 11 shows dust recovered after the test runs.  It seems that 
the volume recovered was smaller with the dust collector.  Dust 
recovered from the filter includes large materials such as dead 
leaves stuck to the filter, while the dust collector has a structure 
where the screen at the air intake prevents intrusion of large 
materials.  Only small materials were accumulated in the dust 
collector, and that was the dust recovered.  The weight of dust 
recovered was larger with the dust collector, so it is assumed that 
more dust was recovered that with the filter. 

Conclusion5

Results of development up to this point lead us to believe 
that non-woven fabric filters of Shinkansen cabin ventilation 
equipment can be replaced with dust collectors.  In the future, we 
plan to design and produce a dust collector that improves on the 
issues in installing and adjusting.  Furthermore, we will confirm 
the results of improvement by conducting durability tests on 
dust collectors installed on cars for long periods of time with an 
aim of putting them to use on trains in commercial service.

Filter (volume recovered: 24.4 cm3, 0.50 g)

Dust collector (volume recovered: 16.5 cm3, 2.75 g)

Fig. 11  Comparison of Dust Recovered in Running Tests
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