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1.   Introduction

The number of broadband subscribers in Japan 
reached 34 million in September 2010. Of these, 
around 19 million, or more than 56% of the total, 
were fiber-to-the-home (FTTH) subscribers [1]. In 
response to the diversification and spread of FTTH 
services, we have studied conventional and new aeri-
al optical closure components with a view to improv-
ing the splitter accommodation capacity [2].

2.   Development overview

Technologies that enable a huge number of optical 
facilities to be efficiently and economically operated 
and maintained are needed. In the usual configuration 
used for providing FTTH services to residential 
premises in Japan, a customer’s home is connected to 
a central office via a splitter installed in an aerial clo-
sure (Fig. 1). For construction and maintenance effi-
ciency, several splitters are installed in one place, i.e., 
in a single closure. The maximum number of splitters 
being installed in existing aerial closures is four. 
However, more and more splitters are being installed 
in Japan because of the recent increase in optical ser-
vice demand and service diversification. As a result, 

many aerial optical closures are already full and can-
not accommodate any more splitters. Therefore, addi-
tional aerial optical closures and cables frequently 
need to be installed, but this involves high construc-
tion costs.

2.1   Design goals
To cope with this problem, we identified the prob-

lem with conventional closures and set new design 
goals. The conventional aerial optical closure con-
tains a certain number of trays: the number is chosen 
and fixed at the time of closure installation according 
to the predicted demand. It can accommodate four 
splitter modules if the maximum number of trays 
(two) are installed. 

Our design goals for the new aerial optical closure 
were to (1) design a new closure that can accommo-
date a larger number of splitter modules, (2) design 
components that can be installed in conventional 
aerial optical closures as well as in the new one, and 
(3) ensure that a field worker can install the larger 
number of splitter modules in a closure with the same 
ease. 

2.2   Development results
We increased the number of splitter modules that 

can be installed from four to eight by developing 
smaller splitter modules that can also fit in a conven-
tional closure. We increased the number of connections 
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from a main cable to branch cables from 32 to 64 by 
developing components that let us double the number 
of branch cable connections in a closure space of the 
same size while still being compatible with conven-
tional trays. As a result, we increased the number of 
main cable connections from 8 to 16. Since the num-
ber of main cable connections increases as the num-
ber of installed splitter modules increases, we devel-
oped components that allow the number of main 
cable connections to be increased when required.

3.   Development details

This section describes the new aerial optical closure 
components in more detail.

3.1   Splitter module 
To increase the number of splitter modules in a 

closure we had to develop a smaller splitter module 
that can be installed by using the free space in a con-
ventional tray more effectively. In collaboration with 
the splitter module development department, we 
examined the basic structure. As a result, a new split-
ter module that is only 40% of the volume of the 
conventional one was developed.

3.1.1   �New splitter modules in conventional 
tray

We developed an attachment (splitter tray guide) 
that can accommodate two of the new splitter mod-
ules in the space available previously occupied by 
one old splitter. Since two of these new attachments 
fit in a conventional tray, a conventional tray can 
accommodate four new splitter modules instead of 
two (Fig. 2). One feature of this attachment is that it 

can be used in either the right or left half. The bottom 
cover of the attachment prevents any sagging of the 
splitter cord.

3.1.2   �New tray optimized for new splitter mod-
ules

Installing a splitter that uses two conventional trays 
and attachments increases costs, so we developed a 
splitter installation component (new splitter tray) for 
accommodating the new splitter modules. It has a 
two-layer structure: each layer can house two new 
splitter modules (Fig. 3). This component facilitates 
installation work by optimizing the positions of the 
new splitter modules.

3.2   New tray for branch cable connections
To increase the number of splitters that can be 

installed, we doubled the connection capacity of the 
conventional aerial optical closure. To achieve this, 
we developed a component (a new tray for connec-
tions with branch cables) that can accommodate 
twice as many branch cable connections in the same 
space (Fig. 4). Moreover, it is compatible with the 
conventional branch cable tray. With the conventional 
one-layer tray structure, the fibers are congested. Our 
new two-layer structure makes it possible to connect 
16 fibers: each one-layer tray for branch cable con-
nections can connect 8 fibers, which prevents conges-
tion. To ensure that fibers are not bent too tightly, we 
choose the locations of the new and existing connec-
tor connections to be different. As shown in Fig. 4, the 
fixed positions of the eight connectors in the upper 
layer and of the eight connections in the lower layer 
are out of alignment: this ensures that each optical 
fiber has a sufficiently large radius of curvature. On 
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Fig. 1.   Configuration of Japanese FTTH service facilities. 
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Fig. 4.   New tray for branch cable connections.
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Fig. 3.   New splitter tray optimized for new splitter modules.
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Fig. 2.   Installation of new splitter components in conventional tray.
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the basis of further feedback from field engineers, we 
designed a two-layer structure that incorporates mea-
sures to prevent fibers catching during field work. 
Fiber-holding clips were placed at appropriate posi-
tions. Furthermore, we redesigned the shape of the 
fiber guide. We designed the fiber guide configura-
tion by enlarging the fiber-holding clip and we curved 
the fiber guide. As a result, the fibers are unlikely to 
pop out. The height of the fiber guide is set to be 
lower than the upper support. The fiber-holding sec-
tion between the top and bottom layers must have 
sufficient space to prevent a fiber catching when the 
top and bottom layers are closed. Next, we created the 
fiber holding space using a conventional plastic case 

design. However, the resulting double-decker design 
was too thick and we could not make it the same size 
as the conventional case. Therefore, we decided to 
create a thin sheet to form the fiber-holding section. 
This sheet is hinged so that it normally lies flat 
against the case and cannot be removed. This design 
prevents the sheet from falling out during field work. 
The sheet is a self-supporting structure that stays 
open by itself during field work, so it does not impede 
the field worker. Sheets are provided for both layers; 
they act as lids that prevent the case from catching the 
fiber.
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Fig. 5.   Panel for fixing main cable connectors.
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Fig. 6.   Aerial optical closure with new components. 
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3.3   Panel for fixing main cable connectors
The number of main cable connections increases as 

the number of installed splitters increases. Therefore, 
we developed a component (panel for fixing connec-
tors to a main cable) that allows the number of main 
cable connections to be increased when required 
(Fig. 5). We decided to place the additional compo-
nents in the vacant space below the existing ones 
because it was difficult to make drastic changes to the 
existing positions considering the fiber’s extra length. 
Since that would leave no space between the conven-
tional and new components, there might be contact 
between the conventional and new component con-
nectors. To ensure clearance between them, we 
gained space by setting the new component connec-
tors at the maximum possible angle to the conven-
tional ones. As a result, we faced the new worry that 
the cord from a connecter connected to a new compo-
nent might get pinched when the cover is opened and 
closed (Fig. 6). However, we were able to protect the 
cords by attaching a sheet to the new component. 

4.   Concluding remarks

We have developed new components to increase the 
number of splitter modules that can be accommodat-
ed in aerial optical closures. They effectively utilize 
the free space in the current aerial optical closure and 
enable eight splitter modules to be accommodated in 
both the conventional and new closures. Workability 
is not reduced even in a high-capacity aerial optical 
closure. This development overcomes congestion in 
closures and will allow us to reduce construction and 
operating costs for the FTTH service.
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