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Current Problem of Cleaning2
Roll filters removed from the cabin are covered with dust 
particles of varying size (Fig.2).  Currently, a roll filter requires 
two or three persons to operate the machinery and then manual 
cleaning to ensure sufficient cleanliness (Fig. 3).  It takes approx. 
10 minutes to clean a single roll filter, so cleaning a total of 40 
roll filters of ten cars of one train set represents a day-long job.  
Furthermore, dust is in the surrounding air during machine 
and manual cleaning and during dust collection, making the 
work environment dirty.

Commuter train cars in the greater Tokyo area are equipped 
with four air conditioner roll filter units each.  Those filters clean 
the air flowing from the cabin to the air conditioner, improving 
the cabin environment (Fig. 1).  The length of the filter is 10 m.  
The unit has a mechanism that automatically rolls the filter in 
increments of approx. 55 mm at a set time to allow a new surface 
of the filter to always be available.  

Filters are periodically removed and cleaned at rolling stock 
depots.  While that cleaning work is mechanized, the following 
problems still remain.  ① Additional manual cleaning is needed, ② 
Long cleaning time is required to ensure sufficient cleanliness, and 
③ The work environment is poor with dust in the air.

We have thus developed a new roll filter cleaning device to 
solve those problems.  There are two cleaning methods; one is  
wet cleaning using water and detergent, and the other is dry 
cleaning using a brush or other tools instead of water.  This time,  
we have developed a dry type cleaning device for use in many of  
our rolling stock depots as it does not need waste water 
treatment.

Introduction1
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Roll filters for rolling stock air conditioners are periodically cleaned at rolling stock depots.  However, there are issues with that 
cleaning work, such as it being time- and labor-consuming, requiring hard work and making the work environment dirty.
     In order to overcome those issues, we have developed a new roll filter cleaning device employing a non-contact cleaning method 
by which air is injected and suctioned, complemented by an auxiliary brush.  We have proven that the developed cleaning device 
can shorten cleaning time, improve work efficiency and improve cleaning environment, all while ensuring the necessary cleaning 
performance.
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Fig. 1  Roll Filter Unit

Fig. 2  Roll Filter Before Cleaning

Fig. 3  Current Roll Filter Cleaning
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cleanliness quality at the target level.
Multiple types of sponges and brushes were examined as the 

contact media (Table 1).

Sponges were judged inappropriate because they had large 
resistance in operation, putting a heavy load on the drive, even 
though they showed the best cleaning quality.  Resistance was not 
much of a problem with brushes.  However, test results indicated 
that bristles thicker than 100 μm often caused static electricity  
when contacting the filter.  Such static electricity could affect the 
cleaning device and the filter, so we adopted a brush with nylon 
bristles of 64 μm (Fig. 6).

(2) Shortening Cleaning Time
If rolling speed of the filter roller was simply increased to shorten 
cleaning time, the filter would be rolled up unevenly and 
cleaning quality would drop.  Furthermore, the roll filter might 
be damaged.  We therefore installed two motors to the developed 
cleaning device to preventing uneven rolling and make the rolling 
up speed stable.  The cleaning device was designed to detect with 
a sensor during operation the length of the filter rolled and to 
control the tension of rolling (Fig. 7).

Development Targets3
Taking problems of the current cleaning device into consideration, 
we set the following targets for the new cleaning device to be 
developed.
(1)  Shorter cleaning time of roll filters of a train set (40 filters) 

to be less than 200 minutes (half a day), while eliminating 
the need for additional manual cleaning and while keeping 
current cleaning quality

(2)  Operable by one person
(3)  Operable in a comfortable working position even in a small 

space
(4)  Preventing dust from being blown in the air while operating 

and allowing easy removal of the collected dust
(5)  Low-price

Development Details4
(1) Securing Cleaning Quality
With an aim of achieving those targets, we decided to employ 
in this development as much as possible non-contact cleaning 
methods by injecting and suctioning air.  First, we selected the 
type of air nozzle to be used for the cleaning device  (Fig. 4).  A line 
nozzle was adopted taking into account the capacity of the air 
compressor and dimensions/suitability of the cleaning device to 
be designed (Fig. 5).

In the course of the development, it became clear that a non-
contact cleaning method could not sufficiently remove dust clogged 
in filter and fine dirt adhered to the filter.  We thus decided to add 
auxiliary contact parts between air nozzles in order to keep the 
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Fig. 4  Image of Cleaning Mechanism

Fig. 5  Line Nozzle

Fig. 6  Added Brush

Fig. 7  Control Motors

Table 1  Study of Contact Media

Type Material Thickness and hardness of bristles

Brush

Nylon 64 μm

Polypropylene 100 μm

Polypropylene 150 μm

Sponge
Neoprene 10°

Neoprene 25°
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(5) Improvement of Work Environment
The structure of the cleaning device was made airtight to prevent 
dust from being blown around (Fig. 11).  Modifications were 
also made so one person could remove dust collected in the 
bucket of the dust collector.

Verification of Effectiveness5
(1) Quality Check Using Microscope
We checked the condition of the roll filter before and after 
cleaning with the conventional cleaning device and with the 
developed one.  A large volume of dust was adhered to the filter 
before cleaning.  Observing the filter after cleaning with the 
conventional cleaning device, we found that much of the dust 
on the filter was removed.  That was because with conventional 
cleaning devices, manual cleaning by brush also was done in 
addition to cleaning by brush with the device (Fig. 12).

Checking the filter after non-contact cleaning using the 
developed cleaning device without a brush, we found that much  
of the dust was removed, as with the conventional cleaning device, 
but dust clogged in the filter and fine dirt remained.  From that, we 
judged the developed cleaning device removed less dust than the 
conventional cleaning device.

Checking the filter after cleaning with the cleaning device 
developed in the end that is equipped with a brush, we confirmed 
that fine dirt that remained after non-contact cleaning was 

(3) One-person Operation
For cleaning, the end of the roll filter core is attached to the 
cleaning device.  The shape of the end of the core varies depending 
on the manufacturer, but that can be mainly classified as being 
pin- or cylinder-type (Fig. 8).  We thus made the attachment 
part of the cleaning device switchable to be compatible with 
both types of roll filters.  For ease of attaching, we employed 
a spring mechanism for the attachment parts with pin-type 
cores and an air picker that expands by air for the attachment 
part for cylinder-type cores.  Since the attachment part is easily 
switchable, the roll filter can be attached and removed by just 
one person in around one minute (Fig. 9).

(4) Workability Improvement
We made the following modifications to improve workability 
(Fig. 10).

· Relocated the electrical distribution board to the bottom of 
the cleaning device and integrated it in the cleaning device 
body to allow easy handling before and after cleaning.  The 
cleaning device was also downsized.

· Attached wheels for easy movement.
· Tilted the work part 30º for easy operation in a standing 

position.
· Designed the operation panel as simple as possible for easy 

operation.
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Fig. 8  Shapes of Roll Filter Core

Fig. 10  Developed Cleaning Device

Fig. 9  Improvement of Roll Filter Attachment Work 

Fig. 11  Developed Cleaning Device in Operation
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(3) Improvement of Work Environment
We made the structure of the developed cleaning device airtight 
during operation.  That prevents dust being blown around.  Dust 
removal was also made easier by storing the collected dust in a 
bucket of the dust collector.

(4) Cleaning Time and Workability
The developed cleaning device enabled one person to perform all 
operations from attaching roll filters to removing then in a short 
time.  It also allowed attaching and removing in a comfortable 
working position and eliminated the need for additional manual 
cleaning after machine cleaning.

(5) Other Improvements
The cleaning device could be set up in a small space by integrating 
the electrical distribution board with the body.

Conclusion6
As explained above, the developed cleaning device has achieved 
the targets of reduced cleaning time, one-person operation and 
improvement of work environment, while keeping cleaning 
quality equal at higher than that of the conventional cleaning 
device.  Next, we are planning to verify the effectiveness in actual 
cleaning.  Based on the verification results, we plan to deploy  
the developed roll filter cleaning device to rolling stock depots.

removed.  In development, we found that back and forth cleaning 
is effective to ensure cleaning quality with a brush.  To accomplish 
sufficient cleaning, we thus decided to perform automatic cleaning 
of one and a half cycles lasting approx. three minutes consisting of 
forward - reverse - forward movement.  We therefore demonstrated 
that cleaning using that method secured cleaning quality within 
the target time and actually improved quality beyond the target 
level (Fig. 13, 14).

(2) Quality Check by Measuring Pressure Loss
We compared with a simple pressure gauge the effectiveness 
of conventional and developed cleaning devices having 
pressure loss ΔP, difference in pressure in front of and 
behind the filter, to quantitatively ascertain cleaning quality 
of roll filters before and after cleaning (Fig. 15).  To do 
that, we used a blower to apply air to the filter and measured 
filter inlet side pressure (P1) and filter outlet side pressure (P2).  
The pressure loss of the filter used was 25.0 - 33.0 Pa before 
cleaning.  Measurement results clarified that pressure loss of 
the developed cleaning device was lowered to 8.5 Pa, while 
that of the conventional cleaning device was 8.9 Pa.  This also 
proved that cleaning quality was secured and actually improved 
(Table 2).

Reference:
1) Yasukatsu Akimoto, “Development of a High-performance Roll 

Filter Cleaning Device”, R&M, January 2010
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Fig. 13  Difference in Cleaning Quality by Cleaning Method  

Fig. 14  Quality of Cleanliness 

Fig. 15  Pressure Loss Measurement 

Fig. 12  Quality Before and After Cleaning with Conventional Cleaning Device

Table 2  Results of Measuring Pressure Loss (Ave.)

Conventional 
cleaning device

Developed 
cleaning device 

Before cleaning 25.0 - 33.0Pa

After cleaning 8.9Pa 8.5Pa


