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Air-blown Fiber Optic Cable with SWR 
and WTC Technologies

Shogo SHIMIZU,1 Okimi MUKAI,1 Akira NAMAZUE,1 and Ken OSATO1

This paper describes a new type of Wrapping Tube Cable™ (WTC™) called Air-blown WTC, 
which is installed into microduct with blowing technique. Developed cable can be bent in any 
direction with suitable stiffness in order to improve blowing characteristics. Moreover, the 
jacket surface has “concavity and convexity” design to reduce the friction coefficient between 
the jacket and the inner surface of microduct. 200 µm fibers, complying with ITU-T G.657.A1 
recommendation are applied to reduce the diameter and cable weight dramatically 1).

In addition, “Spider Web Ribbon™” (SWR™) with 200 µm fibers can be spliced with existing 
ribbon structures with 250 µm fibers 2) 3).

The mechanical and environmental characteristics of the developed cable were evaluated, 
and satisfied with criteria of IEC60794-5-10 4).

The paper mainly focuses on the development of Air-blown WTC with 200 µm fibers having 
applications such as small diameter, light weight, high fiber count, blowing performance, and 
easy mass fusion splicing.

1. Introduction
The demand for next generation broadband services 

such as 5G and Internet of Things (IoT) is highly 
expanding. In order to achieve the next generation 
broadband services, it is required to install the fiber 
optic cables into the limited duct spaces. For this 
reason, development of small diameter and high fiber 
packing density of optical cables has been actively 
conducted 5).

By the way, one of the cable installation methods is 
the blowing technique into microduct with compressed 
air. This technique is commonly applied especially in 
highly populated regions in Europe. In general, the 
conventional microduct cable has primarily adopted a 
central strength member and stranded small loose 
tube design. Recently, ultra-high density Wrapping 
Tube Cables (WTC) which is jelly free design with 
Spider Web Ribbon (SWR) is reported 2). SWR enables 
to perform mass fusion splicing, and since it has jelly-
free design, jelly wipe-out process is unnecessary. 
Therefore, installation workability of WTC is superior 
to that of loose tube cables.

This way, a new design is proposed for microduct 
installation applying SWR/WTC technology and 200 
µm fibers.

2. Cable Design

2. 1  The Design of SWR with 200 µm Fibers

The structure of SWR with Stripe Ring Marking is 
shown in Fig. 1 and 2 respectively. SWR has single 
fiber parts and bonding parts, where adjacent fibers 
are fixed together intermittently. Thus it is possible to 
change its shape like bundle fiber units flexibly. The 
stripe ring marking is printed in a line along the  
ribbon width for easier identification of each ribbon 
number and each single fiber after splitting off from 
ribbon.

Easy to form like bundle unit

Bonding
part

Single fiber part

Fig. 1. Schematic of SWR.
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Figure 3 shows a schematic illustration of fiber-
interval design. A special structure and manufacturing 
method have been developed to adjust fiber-interval 
which is equivalent to existing ribbon with 250 µm 
fibers. Consequently SWR with 200 µm fibers can be 
spliced with SWR with 250 µm fibers and conventional 
rigid ribbon with 250 µm fibers by mass fusion splicer 
(Fujikura 70R +).

Figure 4 indicates the fusion splicing workability. 
The SWR with 200 µm fibers can be spliced with SWR 
with 250 µm fibers by a mass fusion splicer.

2. 2  Jacket Design

During developing process for Air-blown WTC, the 
jacket design was considered with two points, 
“strength member and jacket surface shape”.

First, it is necessary to optimize the design of 
strength member considering the characteristics of 
thin jacket thickness, bending directionality and 
stiffness of cable. Second, the design of jacket surface 
shape determines the characteristics of reducing the 
friction and thin jacket thickness of cable.

The prototype cables with changing number of the 
strength members and different surface shapes of the 
jacket were evaluated. Jacket designs of evaluated 
cables are described in Table 1.

As an alternative evaluation to estimate blowing 
performance, pushing performance was evaluated. 
The testing condition is described in Table 2. Test 
result of pushing performance is described in Fig. 5.

Table 1. Jacket designs of evaluated cables.

A B C D

Strength member number X 2X X 2X

Jacket surface shape
Conventional 

rounded
“Concavity and 

convexity”

Table 2. Test condition of cable installation trial.

Item Condition

Type of micro-duct 16/12 mm

Route
Total 130 meters, with R300 mm bending,

half-turn, 4 places

SWR with 200 µm fibers 

Ribbon with 250 µm fibers 

Fig. 3.   Comparison of the interval between fibers of SWR with 
200 µm and SWR with 250 µm.

Fig. 2. Schematic of stripe ring marking.

SWR
(200 µm fiber)
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(250 µm fiber)

SWR
(200 µm fiber)

SWR
(250 µm fiber)

Fig. 4.   Fusion splicing of Spider Web Ribbon (200 µm fibers 
and 250 µm fibers).

100

70

90

50

30

0

60

80

40

20

10

0 8060 1004020 140120

P
us

hi
ng

 fo
rc

e 
(N

)

Installating distance (m)

Design B
Design C
Design D

Design A

Fig. 5. Pushing performance.
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“Concavity and convexity” design is better for 
pushing characteristics than conventional round cable 
design. Design D was adopted for the jacket design of 
Air-blown WTC.

2. 3  The Design of Air-blown WTC

Air-blown WTC consists of bunched SWR which is 
wrapped in a tube formed by water blocking tape. 
Strength members are embedded in the jacket, the 
surface of which is “Concavity and convexity” design 
as shown in Fig. 6 and 7.

Air-blown WTC with “Concavity and convexity” 
design effects several advantages. While achieving 
stiffness, extreme reduction in outer diameter and 
weight was realized. Air-blown WTC can be bent in 
any direction. “Concavity and convexity” design of 
jacket surface reduces friction coefficient between the 

jacket and the inner surface of microduct. Also, SWR 
and jelly free design enable quick installation.

Table 3 includes basic data about Air-blown WTC 
based on 200 µm fibers. The maximum fiber count is 
432.

3. Cable Characteristics

3. 1    Mechanical and Environmental Characteristics

Mechanical tests for each fiber count of Air-blown 
WTC are in accordance with IEC60794-5-10 5) as shown 
in Table 4 6) 7). The measurement wavelength for 
mechanical test is 1550 nm. These cables possess 
appropriate mechanical performance. Environmental 
test results for each fiber count Air-blown WTC is 
described in Table 5. The temperature cycling test was 
conducted between - 40 degree C and + 70 degree C for 
2 cycles. Within this specified temperature range, 
maximum variation of attenuation is not more than 
0.15 dB/km at 1550 nm. The developed cable achieved 
satisfactory temperature cycling characteristics. 
Furthermore, the cable meets the water penetration 
test requirements.

Fig. 7. Cable cross section for Air-blown WTC.

Bunching unit

Spider Web Ribbon

Water blocking tape
Jacket

Fig. 6. Cable construction for Air-blown WTC.

Table 3. Cable diameter and weight.

Fiber count 72 fiber 288 fiber 432 fiber

Cable diameter 6.1 mm 8.0 mm 9.3 mm

Cable weight 24 kg/km 41 kg/km 56 kg/km

Table 4. Mechanical test results.

Item Condition Test result

Tensile 
performance

IEC60794-1-21, Method E1
Tensile load on cable: 1 ¥ W
(W: cable weight (kg/km))

<- 0.05 dB/fiber
Residual fiber 

strain:
<- 0.05 %

Crush
IEC60794-1-21, Method E3A

Load(plate/plate) : 500 N
Duration of load: 1 min

<- 0.05 dB/fiber
No damage to the 

cable jacket

Impact
IEC60794-1-21, Method E4

Striking surface radius: 300 mm
Impact energy: 1J

<- 0.05 dB/fiber
No damage to the 

cable jacket

Repeated 
bending

IEC60794-1-21, Method E6
Bending diameter: 40 ¥ d

(d: cable diameter)
Number of cycles: 25

No damage to the 
cable jacket

Torsion
IEC60794-1-21, Method E7

Length under test: 2 m

<- 0.05 dB/fiber
No damage to the 

cable jacket

Kink
IEC60794-1-21, Method E10
Minimum diameter: 40 ¥ d

No damage to the 
cable jacket

Bend

IEC60794-1-21, Method E11A
Diameter of mandrel: 40¥d
Number of turns/helix: 4

Number of cycles: 3

<- 0.05 dB/fiber
No damage to the 

cable jacket

Table 5. Environmental test results.

Item Condition Test result

Temperature 
cycling

IEC60794-1-22, Method F1
High temperature: 70 ∞C
Low temperature: - 40 ∞C

Number of cycles: 2

<- 0.15 dB/km

Water 
penetration

IEC60794-1-22, Method F5B <- 3 m



10

3. 2  Blowing Performance

Cable installation trials for Air-blown WTC were 
conducted.

Table 6 and Figure 8 show the test conditions at the 
site, and Table 7 and Figure 9 describe the test results. 
As a result, the blowing distance was 2000 meters or 
more for each fiber count of the cable.

4. Conclusion
A new microduct cable using the SWR/WTC 

technologies with 200 µm fibers has been developed. 
This cable enables to bend in any direction with 
suitable stiffness and it achieved small diameter and 
light weight. The intervals of optical fibers are adjusted 
to ensure splice compatibility of SWR with 200 µm 
fibers with the SWR with 250 µm fibers and 
conventional rigid ribbon with 250 µm fibers.

These developed cables comply with the tests 
requirement following as specified in IEC60794-5-10. 
In addition, suitable mechanical and environmental 
performances were also observed.

Blowing performance of 2000 meters or more for 
each fiber count of the cable was achieved by the 
optimization of design parameters such as cable 
diameter, weight, stiffness and friction.
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Table 6. Test condition of cable installation trial.

Item Condition

Route
125 m Test Track (See Figure 8)

2 km total route

Table 7. Test result of blowing performance.

Fiber count 72 fiber 288 fiber 432 fiber

Duct size 
(OD/ID)

14/10 mm 16/12 mm 18/14 mm

Blowing 
distance

2000 m or more 2000 m or more 2000 m or more

18.33 m

Fig. 8. Test Track.
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Fig. 9. Blowing performance.


