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Ultra-high-fiber-count Cable with SWR 
using 200 µm Fibers

Masatoshi Ohno,1 Shinnosuke Sato,1 Soichiro Kaneko,1 Tomoaki Kaji,1 
Koji Tomikawa,1 and Ken Osato 1

Ultra-high density wrapping tube cablesTM (WTCTM) with innovative optical fiber ribbon, 
which is called “Spider Web RibbonTM” (SWRTM) are reported.

This time, as development of ultra-high-count cable, 3456-fiber WTC with SWR using 200 
µm fibers was successfully achieved to develop. The developed cable was confirmed that it has 
satisfactory workability equivalent to WTC using 250 µm fibers and it was fully compliant with 
the current issue of Telcordia GR-20-CORE. This paper presents the details of these newly 
developed WTC.

1. Introduction
Utilization of cloud, expansion of high-definition 

video service, future deployment of services such as 
commercialization of 5 G and self-driving cars are 
expected. Therefore, demand and expectation for 
high-speed and large capacity communication by 
optical fiber are increasing. Accordingly, higher-fiber- 
count cables are required for buried and aerial 
installation to construct an optical fiber communication 
network more economically and efficiently. 
Meanwhile, in urban areas, the existing conduits are 
congested with the existing cables, and the space for 
installing new cables is limited. Therefore, higher 
density fiber optic cable is the key solution to improve 
the congestion.

As a new cable structure which is packing optical 
fibers at high density, SWR packed WTC has been 
reported 1) 2). As the advantage of using SWR, it is 
possible to perform muss fusion splice, and it can be 
packed at high density in a limited space inside the 
cable like single fibers. As a result, compared with 
loose tube cables with single fibers, the time required 
for splicing is drastically reduced. Smaller cable 
diameter also allows a drum to be wound with longer 
length, thus it enables us to reduce the number of 
splicing points over a span and the splicing and closure 
setup cost. In addition, smaller cable diameter makes 
it possible to effectively utilize existing facilities such 
as buried conduits or telephone poles. Furthermore, 
WTC has full dry structure. Applying full dry structure 
is another factor to reduce the installation time by 
eliminating the process to wipe out jelly from fibers. 
Therefore, SWR packed WTC gives all of the solutions 

above.
On the other hand, when installing a high-fiber-

count 250 µm-fibers cable in a conduit, fiber counts 
that can be installed into the existing conduit are 
limited. Therefore, in order to make the cable higher 
density, the application of 200 µm fibers by thinning 
the coating thickness of fibers was investigated 3). This 
enables higher-fiber-count cable with the same outer 
diameter as the cable packing 250 µm fibers, and also 
it is possible to install more optical fibers in existing 
conduits without installing new conduits.

2. Cable design

2.1  WTC with SWR

The newly developed cables include SWR. SWR has 
single fiber parts and bonding parts where the adjacent 
fibers are fixed together intermittently. Since the 
shape can be easily changed in the cable, it is possible 
to pack SWR into the cable at high density without 
increasing the attenuation or subjecting large fiber 
strain. The structure and the feature of SWR are shown 
in Fig. 1.

Because SWR has single-fiber parts and bonding 
parts, it can be spliced by existing fusion splicer, and it 
can be separated into single fibers easily. The fiber 
count of SWR applied to the developed cables is 12. 
Fusion splicing of 12f-SWR is shown in Fig. 2, Split 
single fibers of 12f-SWR is shown in Fig. 3.

Stripe ring markings are printed in SWR for easy 
identification of each ribbon number and each fiber 
after ribbon split as shown in Fig. 4. Additionally, even 
if the SWR resins are removed, the stripe ring 
markings remain. So, after separating SWR into single 
fibers, they have adequate identification characteristics.

The design concept of SWR using 200 µm fibers is 
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shown in Fig. 5, and this figure shows the cross-section 
of SWR using 200 µm fibers and conventional ribbon 
using 250 µm fibers. The design concept of SWR using 
200 µm fibers is that the fiber-interval is equivalent to 
conventional ribbon using 250 µm fibers. That’s why, 
SWR using 200 µm fibers can be spliced by existing 
fusion splicer. In addition, higher density is achieved.

The structure of WTC is shown in Fig. 6. This cable 
includes bunched SWR which are wrapped in a tube 
made by overlapping water blocking tape. Strength 

members are embedded in the sheath. The structure 
of WTC achieves extreme reduction in outer diameter 
and weight and offers full dry structure to help quick 
installation.

2.2  SZ bunching unit

New cable includes SZ bunching units which contain 
144 or 288 fibers per bundle. The structure of 
conventional bunching unit is shown in Fig. 7, and the 
structure of SZ bunching unit is shown in Fig. 8. The 

Fig. 1. Structure and feature of SWR.

Fig. 2. Fusion splicing of SWR.

Fig. 3. Split single fibers of SWR.

Fig. 4. Schematic of stripe ring marking.

Fig. 5. Design concept of SWR using 200 µm fibers.
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Fig. 6. Structure of WTC.
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Fig. 7. Conventional bunching unit.

Fig. 8. SZ bunching unit.



38

conventional bunching unit is formed by winding one 
bundle thread in a spiral shape. On the other hand, in 
SZ bunching unit, the two bundle tapes are bonded 
each other at periodical contact points. The winding 
direction of each bundle tapes is reversed at the 
contact points of two tapes. These bonding contact 
points can be peeled off easily by hands due to the SZ 
stranded structure unlike conventional bunching unit 
which requires the process of removing the bundle 
tape helically. Additionally, as shown in Fig. 9, the 
forms of SZ bunching units are kept even after shaking 
the cable. That’s why, the SZ bunching unit has 
satisfactory identification and stable bundling 
performance.

2.3  Fiber packing density

As macrobending and microbending loss increase 
when fiber packing density in a cable exceeds certain 
threshold. The dependence of attenuation on fiber 
packing density in 3456-fiber WTC with 250 µm fibers 
is shown in Fig. 10. Each data is maximum value of 
measurement and red dashed line shows allowable 
attenuation during temperature cycling test. Fiber 
packing density is defined as the following formula.

D = F / S
Where,

D: fiber packing density (fibers/mm2)
F: total fiber count in WTC (fibers)
S: cross section area of WTC (mm2)
New cable is designed following the results shown 

in Fig. 10. In the same way as this cable, higher-fiber-
count WTC are designed. Fiber packing density of the 
existing WTC with 250 µm fibers and newly developed 
high-fiber-count WTC are shown in Fig. 11. The newly 
developed WTC have much higher fiber packing 
density than the existing WTC and have achieved the 
world’s highest level of fiber packing density.

2.4  Outer diameter and weight

The comparison of cable design of 3456-fiber WTC 
using 250 µm fibers with glass Fiber-Reinforced 
Plastics (FRP) and 3456-fiber WTC using 200 µm 
fibers with glass FRPs is shown in Table 1. As shown 
in Table 1, outer diameter of 3456-fiber WTC using 200 
µm fibers is reduced approximately 13% and weight of 
this cable is reduced approximately 24% compared to 
3456-fiber WTC using 250 µm fibers.

The different cable structure are compared. The 

Table 1. Comparison of cable design of 3456-fiber WTC.

Item 250 µm fibers 200 µm fibers

Cross section

Fiber count 3456 3456

Strength member Glass FRP Glass FRP

Outer diameter 30 (mm) 26 (mm)

Weight 550 (kg/km) 420 (kg/km)

Fig. 9. Structure of WTC.

After removing the sheath After shaking the cable

Fig. 11. Dependence of packing density on fiber count.
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3456-fiber WTC(250 µm).
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comparison of outer diameter are shown in Fig. 12. 
Orange line shows allowable outer diameter to install 
the cables to 1.25 or 1.5 inch conduits. Focusing on 
3456-fiber cables, even if using 250 µm fibers, smaller 
diameter have been achieved than ribbon loose tube 
cable and slotted core cable. Additionally, because 
higher density enables small diameter by using 200 
µm fibers, it becomes possible to install it to 1.25 inch 
conduits.

3. Cable characteristics

3.1  Optical and mechanical characteristics

The optical and mechanical test results of 3456-fiber 
WTC with 200 µm fibers are shown in Table 2. Test 
methods were based on Telcordia GR-20-CORE. A 
measurement wavelength for mechanical test was 
1550 nm. This cable showed excellent optical and 
mechanical performance 4).

3.2  Mid-span workability

3456-fiber WTC with 200 µm fibers have also 
excellent mid-span workability performance. By using 
craft knife, the cable sheath can be sliced off to a 
ripcord easily. Moreover, newly developed shaver 
which is called “SWR shaver” enables operators to 
slice off the cable sheath much easier. Mid-span 
workability is shown in Fig. 13. Additionally, by 
adopting SZ bunching unit and stripe ring markings, 
the targeted SWR can be picked up easily. Furthermore, 
the stripe ring markings remain after removing SWR 
resins and separating SWR into single fibers. That’s 
why this cable has adequate identification 
characteristics.

4. Conclusion
Ultra-high-fiber-count WTC with SWR using 200 µm 

fibers have been designed. In addition, 3456-fiber 
WTC with 200 µm fibers passed the tests following 
Telcordia GR-20-CORE and showed satisfactory 
optical, mechanical, and workability performances. By 
this innovative cable, we can expect further expansion 
of applicable ranges.
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Fig. 12. Comparison of outer diameter of respective structure.
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Fig. 13. Mid-span workability.
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Slice off the jacket Pull ripcords

Remove the water blocking
tape

Remove the jacketTable 2. Test results of 3456-fiber WTC with 200 µm fibers.

Item Condition Result

Tempreture 
cycling

-40 to +70 (degree C)
Cycle: 2

Pass

Low-high 
temperature 
cable bend

Bending radius: 30D
(D: cable diameter)

Temperature: -30, +60 (degree C)
Turns: 4, Cycle: 3

Pass

Impact
Striking surface: 12.5 (mm)

Impct energy: 4.4 (J)
Straiking count: twice at the same place

Pass

Compressive 
Strength

110 (N/cm) 10 (minutes) after
220 (N/cm) 1 (minute)

Pass

Tensile strength
810 (N) for 10 (minutes) after

2700 (N) for 1 (hour)
Pass

Cable twist
Sample length: 2 (m)

Test angle: ±180 (deg)
Cycle: 10

Pass

Repeated 
bending

Bending radius: 10D
(D: cable diameter)

Cycle: 25
Pass

Water 
penetration

Height of water: 1 (m)
Sample length: 3 (m)
Test time: 24 (hour)

Tap water

Pass

*Measure wave length ; 1550 nm




