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Abstract

Depending on the field of use, the number of fibers required, the
desired ingtdlation length, and the climatic and installation
environment, a network designer needs to select the most suitable
microduct cable design for a specific application. In this paper we
will discuss various types of microduct cables, the designs, their
performance test results and their main fields of application. Thereis
no "dl-purpose’ microduct cable design. Recommendations are
made for the different microduct cable congtructions for an
optimized product sdlection based on lab testing and field
experience. Besides SZ-stranded micro-loose tube cables which
have been developed in a wide variety of fiber counts and
dimensions, central loose tube designs as well as tight designs will
be discussed, with respect to the application and instalation. Not
only the cable design but aso the preparation of the blowing
process have a great impact on the success of a microduct cable
installation.

Keywords: Microduct cable; cable blowing; blowing distance;
optica cable; optical fiber; microduct; air blown; FTTH; flextube;
access, midspan access, micro loose tube; stiffness; friction; low-
temperature.

1. Introduction

Microduct cables in the recent past have conquered a significant
part of the F.O. cable market. A wide range of microduct cables
have been developed with respect to different installation
environments and different operational requirements. We will
discuss various types of microduct cables, the designs, their
performance test results and their main fields of application. In
this paper we only consider cables which can be blown in
microducts not bigger than 16/13mm outer and inner diameter,
respectively.

2. Basic Microduct Cable Designs

As the name indicates, microduct cables are made to be used in
microducts, generaly the installation is done by a combination of
pushing and air blowing [1]. Especialy for Fiber-to-the-Home it
is often required that the cable can be instaled over short
distances by pushing only, without drag air. Although a wide
variety of constructions have been developed, some basic
structures can be distinguished which have their specific
advantages in terms of fiber density, ease of handling and fiber
access, low-temperature performance, and pushing/blowing
performance. Low friction sheath material such as HDPE or PA
hasve been identified as suitable [3] and are widdly used for all kind
of microduct cables.

International Wire & Cable Symposium

For indoor/outdoor applications, aso flame retardant designs are
used, however the usua sheathing materias generaly provide a
higher friction and therefore installation distances may be shorter. In
this paper we distinguish four main types of microduct cable designs
for outdoor use:

a) Stranded loose tube microduct cables

This microduct cable design is very popular because of it's easy
handling and ingtallation. It is made with six (5 to 12) loose
tubes which are SZ-stranded around a central strength €lement.
The construction is very similar to norma size duct cables, it
benefits from a proven technology and offers similar
advantages, e.g. easy fiber identification and access.

b) Central loose tube microduct cables

Initially developed for low fiber counts, the central |oose tube
microduct cables today contain up to 96 fibers for blowingin a
10/8mm microduct. Most popular congtructions are with
plastic tube, with or without strength elements under the
sheath.

¢) Stranded tight buffer microduct cables

Similar to the loose tube SZ-stranded cable, but normaly
helicaly stranded. Unlike the loose tube constructions, the
fibers are tightly embedded in the buffer materia, thus have no
freedom of movement inside the buffer tubes.

d) Central tight buffer microduct cables

The tight buffer centra design alows for smalest cable
dimensions, it is mostly used as drop cable, fiber counts
between 1 and 6 are most popular.

3. Discussion of Microduct Designs

The first microduct cables being produced and installed were steel
buffer central loose tube designs, see e.g. [11]. The designs
compromised a thin walled stainless steel tube surrounded by a
plastic sheath. Today these cable types are not being installed
anymore and non-metallic microduct cables are used instead.
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3.1 Stranded Loose Tube Microduct Cables

Easlly spoken, these cables are miniaturized Loose Tube Duct
cables. They have been derived from common loose tube duct
cables making advantage of a long experience in design and
manufacturing of Loose Tube Cables in combination with advanced
production equipment and high performance materias. To achievea
small outer diameter, they not only have miniaturized buffer tubes
but in genera have a much thinner sheath (typicaly around 0.4 to
0.8mm) than standard duct cables.

Another important contribution however, is made by modern fiber
design with tight coating diameter specifications and coloring-at-
draw [8]. Such fibers can be as much as 6.4% smaller in diameter
compared to fiber diameters specified in IEC 60793-2-50 when
colored in a separate process with an extra color resin layer. This
provides asignificant advantage when designing optical fiber cables
to the minimum possible dimensions. As an example, the decrease
of a 6.6 mm cable to 6.2 mm results in a much better blowing
distance[3].

Because of their idea stiffness and flexibility, Stranded Loose Tube
Microduct Cables provide outstanding push/blow performance for
an extremely fast instalation. Together with typical SZ-stranded
duct cable advantages, such as midspan accessibility, easy stripping
and fiber identification, as well as their considerably high fiber
content at light weight and smal dimensions they are the ided
cables for metro distribution and access networks and are widely
used by numerous operators around the globe.

Table 1 shows usual dimensions for stranded |oose tube microduct
cables.

Table 1. Typical SZ-stranded Microduct Cables

of 40 times the OD of the microduct. Here acableis blown in with a
pressure of 10 bar and the distance is recorded where the speed has
dropped to 20 m/min. When the speed does not drop this is
indicated. Sometimes also the end is reached with lower pressure. In
Table 2 adlso afield result (New Zealand) is given.

Table 2. Blowing distances for SZ-stranded
Microduct Cables

Fiber# | CableO.D. | Microduct Blowing Installation
[mm] [mm] distance [m]
72 6.0 10/8 1500 Reference
96 7.1 10/8 1250 Reference
9% 7.1 12/9.6 1550 Reference
9% 7.1 12/9.6 1700 New Zealand
1 Speed 27 m/min at only 6 bar.

2 End reached with almost no change in speed.

Main Parameters
Design 8x12
Diameter 70x0.2
Weight 40 kg/km
Operation Temp. -40°Cto+70°C
Tensile Strength 1000N

Fiber # Cable O.D. Fibers'tube Microduct
[mm] [mm]
24 40+0.1 4 7/5.5
72 58+0.2 12 10/8
9 70+0.2 12 12/9.6 (10/8)

Blowing distancesin in al tests exceeded 1km by far, with different
blowing machines [2], [3], [5], [13] a a blowing speed of
>50m/min.

In a recent test, the above 5.8mm cable was pushed without air
support over a distance of 300m at a speed of 60-50m/min in a
10/8mm duct, the 4mm cable reached 200m without air drag in the
7/5.5mm duct. The test installation comprised a nearly rectangular
underground route with 90° bends every 60m.

While the ingtalled microduct network is growing in many regions,
operators sometimes require more fibers to be blown into a given
duct than initially planned. In a recent field installation, a 96 fiber
cable of 7mm O.D. (Figure 1) had to be blown in a microduct of
only 8mm inner diameter. To reach a maximum non-cascaded
blowing distance, a newly developed cable lubricator [7] had been
used.

In Table 2 the blowing distances reached for some SZ-stranded
microduct cables are given. The indication “reference’ isreferring to
a blowing reference test. Here a length of about 1500m is laid in
loops with lengths of 100 m connected by bends of 180° with radius
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Figure 1. 96 Fiber Microduct Cable

Major customers in the United States often require microduct cables
which meet the performance requirements of al standard fiber optic
cables as outlined in Telcordia (BellCore) GR20 Issue 2. For
Microduct cables, the key performance requirements are a tensile
rating of either 300 Ibs or 600 Ibs, thermal operating requirements of
—40C to +70C, and mechanica performance such as 125 Ib/in crush
strength.  Listed below in Table 3 are the dimensions and
characteristics of Microduct cables qudified to Telcordia GR20
performance requirements [12].

Table 3. Stranded Loose Tube Microduct Cables
compliant with Telcordia GR20

Fiber # Cable O.D. Fibers/tube Microduct
[mm] [mm]
72 7.0 12 12/10
96 8.4 12 12/10 or 14/11
144 11.0 12 16/13
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3.2 Central Loose Tube Microduct Cables

Unlike the stranded Loose Tube designs, the Central Loose Tube
Cables for microduct installation in most cases have a different
construction compared to standard central tube duct cables which
often have radial strength elements embedded in the sheath. Centra
Loose Tube Microduct Cables allow for very small diameters which
are required for customer drop connections. However, they are often
used also for high fiber counts in metro backbones or even long
distance applications. In those situations the extremely high fiber
packing density is of main importance.

Depending on the required tensile strength and the temperature
range, the cables are equipped with adequate strength elements
which in most cases are embedded circumferentialy between central
tube and outer sheath. With the sdection of the best suitable
material combinations aso for the central loose tube cables a
temperature range of -40 °C to +70 °C can be redlized.

However, even cables without additiona strength members have
been devel oped using sheath materialswith low CTE [9].

Figure 2 below shows a 2.6 mm Microduct drop cable for
installation in a 3.5 mm ID Microduct. A specia jacket material
was formulated using impregnated chips of a hardened materid in a
polymer resulting in a material with alow coefficient of friction as
well as a reduced coefficient of therma expansion. The specia
materia alowed for this 12f cable to be blown 1200m (Figure 3),
while gtill maintaining thermal stability at an operating temperature
range of —15C to +70C.

Figure 2. 12 Fiber CLT Microduct Cable
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Figure 3. Blowing Diagram 2.6mm CLT Cable
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Table 4. Typical Central Tube Microduct Cables

s | CHOD | St | i
12 26 No 35/5
8 32 Yes 7/55
24 39 Yes 7/55
36 41 Yes 7/55
43 50 Yes 10/8
60 56 Yes 10/8
72 59 Yes 10/8
% 65 Yes 12/9.6 (10/8)

In Tables 4 and 5 typical central tube microduct cable designs and
the blowing distances reached for some of the cables are given. The
indication “reference’ is referring to the same blowing reference test
asin Table 2. Also some field result (CERN) are given.

Table 5. Blowing distances for central tube
Microduct Cables

Fiber # | CableO.D. | Microduct Blowing Installation
[mm] [mm] distance [m]
8 3.2 7/5.5 26507 CERN
24 3.9 7/5.5 3474 CERN
36 41 7/5.5 1150 Reference
48 5.0 10/8 1500" Reference
96 6.5 10/8 800 Reference
96 6.5 12/10 1500 Reference
1 Speed 20 m/min at only 7.5 bar.

2 End reached with almost no change in speed.

Cross Section Main Parameters
Design 8x12
Diameter 6.4+0.2
Weight 36 kg/km
Operation Temp | -40°Cto+70° C
Tensile Strength 200 N
Figure 4. 96 Fiber CLT Microduct Cable
Figure 4 shows the central loose tube 96 fiber cable with only 6.4
mm diameter.
439 Proceedings of the 54th IWCS/Focus




3.3 Stranded Tight Buffer Microduct Cables

In the tight buffer designs the fibers are either embedded in one or
more layers of UV-curable resin, or are buffered with a thin layer
of soft plastic material (semi-tight flexible tube) [14]. With this
technology, even smaller stranded cables are possible compared to
loose tube constructions. Because the fibers are tightly surrounded
by the buffer material they have no freedom of movement inside
the buffer like this is the case with loose buffer tubes. For that
reason special care must be taken in design and manufacturing to
de-couple the fibers from external forces. These cables are
normally helically stranded to avoid radial pressure from the
necessary binders when SZ-stranded.

3.4 Central Tight Buffer Microduct Cables

Single fiber tight and semi-tight buffer central designs are well-
known since decades for indoor use, e.g. as patchcords. For the
microduct cables with central tight design, preferably 2 to 6 fibers
are tightly embedded in buffer, surrounded by strength yarns and a
low friction sheath. They are the preferred choice for FTTH
customer connections, blown into sub-bundles of 4mm microducts
[4]. The blowing distance is about 1300 m, while many relatively
sharp bends can be negotiated..

Table 6. Central Tight Buffer Microduct Cables

Cable O.D. Buffer O.D. Microduct
Fiber #
[mm] [mm] [mm]
2-4 18 0.9 4/3
6 22 1.0 4/3

4. Experiences in the Application

To select the right microduct cable for adesired fiber connection not
only the required fiber count and the cable transmission
characteristics are important. It is essentid to know the
circumstances under which the cable is to be installed. Some of the
most important factors to be considered are:

¢ Desred ingdlation distance

¢ Microduct nomina diameter

¢ Microduct condition (dirt, leakage, damage)

e Microduct design (pre-lubricated, liner, ribbed or grooved)
¢ Microduct route (number and radii of curves)

e Accesshility of the microduct at both ends

4.1 Decision on Basic Cable Design

Although networks designers often have a preference for a general
cable structure, such as loose tube, central tube, or tight buffer, for
the right choice of a specific cable design some basic considerations
have to be made. Besides the desired fiber count and the duct inner
diameter dso the targeted ingtdlation length must be taken into
consideration. Generally, because of their higher stiffness due to the
rigid central strength element, stranded cables alow a higher
pushing force compared to centrd (plastic) tube cables. Idedly,
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stranded microduct cables normally have a textured surface by
applying a thin sheath in away that the core structure is reproduced
on the sheath outer surface [10], [12] which can increase the air
drag and decrease the friction. However, with each given cable
design it is very important to have a smooth surface and a tightly
limited tolerance of the cable's outer diameter.

For pushing without air support it is furthermore essential to have
the cable O.D. a minimum of 50% of the duct inner diameter. If the
duct is too large, the cable will buckle and cannot be pushed any
further. This is somehow conflicting because pushing without air is
mostly required in the drop area where microducts are often
installed with tight bends, more difficult to pass for a tight fitting
cable.

4.2 Preparation for Blowing

Before a cable can be blown into a duct, to reach the desired
installation lengths in due time it is essentia to spend some time on
the evaluation of the microduct condition, especialy when it was
installed some time before the cable blowing. Sometimes there are
sharp bends in the route, e.g. duct loop in a remote street cabinet
which possbly can be widened temporarily. To clean and
(sometimes) lubricate the microduct, a sponge soaked with lubricant
can be blown firgt. Furthermore, a gauge with the same diameter as
the cable may be blown through the duct. This helps to find out
kinks or flattening in the duct before an unsuccessful blowing of the
cable is started. However, both the sponge or the gauge will be
difficult to locate when stopped by any irregularities in the duct. If
the gauge does not transmit a signa it is difficult to find. Some
installers prefer to just blow the cable and see how far it reaches,
then they know where to dig.

Not only the duct must be clean but also the cable, especialy when
stored for a longer period the cable on the drum will collect some
dirt. Thereforeit isimportant to clean the cable beforeit is blown.

Asthe cable hasto bear the force of paying itself off the cablered, it
is important that the redl is well balanced and the pay-off bearings
provide easy rotation.

4.3 Influence of Lubrication

If the non-lubricated cable is blown into a microduct without low-
friction liner or without pre-lubrication, the resulting blowing
distance may reach only as low as 10% of the possible distance
under optimum lubrication on the same trgjectory. An indication of
blowing performance in % for different lubrication of microduct and
cable (Cable Lubricator [7]) isgivenin Table 7.

Table 7.Blowing performance (%) for different ways
of lubricating microduct and cable

Microduct \ Cable No lubrication Cable Lubricator
No lubrication 10-30% 50-70%

Liner or pre-lub 50-70% 70-90%

Field lubrication 60-80% 100%

Proceedings of the 54th IWCS/Focus



Figure 5 shows the newly developed field lubrication machine
which dlows to reduce the preparation time for blowing to a
minimum and ensures maximum blowing distance.

H

T

Figure 5. Cable blowing equipment (blue
apparatus) and cable lubricator (red apparatus)

5. Conclusions

Microduct cables exist in awide variety of designs which have been
successfully used in many applications. Initially developed to extend
the capacity of limited metropolitan duct space, it is how often
chosen by operators and ingtalers just because of the small size and
low weight of both the ducts and the cables which alow for easy
handling and small instalation equipment. With the ever better
installation techniques and a growing experience, microduct cables
today can be safdy ingaled in many environments without
compromising the optical performance.
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