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Abstract: The submarine fibre optic global market and the industry itself are continuously
striving to reach higher transmission capacities and to expand the worldwide interconnectivity to
meet the fast-growing demand for higher bandwidths and the availability of fibre optic
connectivity. To meet this exponentially expanding growth of digital information, all actors in the
field must continuously improve their products and product ranges to follow the global demand.
For submarine fibre optic cables, the increase in bandwidth needed to transmit the necessary
digital information result in the need for new fibre types and adaptation in the manufacturing lines
to meet new and continuously more strict requirements in the optical properties. Another parallel
direction to increase the capacity through a system is to implement larger quantities of fibres in a
single submarine cable. This gives advantages in interconnectivity and total capacity through a
single cable. The latter solution is covered herein, where different Nexans cable designs are
discussed, both in a historical perspective, in a present setting and through the potential any future
system can bring.
1. ABBREVIATIONS
Abbreviations
BSR
FO
fps
GPJ
HDPE
LEAF
MBD
NOTS
NPTS
Qn
URC-1
UTS

Bending Strain Relief
Fibre Optic
Fibre pairs
General Purpose Joint
High Density Polyethylene
Large Effective Area Fibre
Minimum Bending Diameter
Nominal Operating Tensile
Strength
Nominal Permanent Tensile
Strength
Q=Steel tube, n is number of
steel tubes
Unrepeated cable, no 1
Ultimate tensile strength

Table 1: Abbreviations used throughout
the document

the optical fibres was introduced. The first
core build incorporated a single steel tube
(Q1) in centre of the cable. This tube size is
still being utilized in present day designs.
The standard dimension of the Q1 has a
diameter of ø3.7mm and with a capacity of
up to 48 fibres. The steel tube is
manufactured from a multi-coil steel tape,
shaped, folded and laser welded to a fully
sealed tube. The fibres are then guided into
the steel tube with a set excess fibre length
(typically 0.12% for the URC-1 products),
together with water blocking and hydrogen
absorbing compound.

2. HISTORICAL PERSPECTIVE ON
THE EVOLUTION OF FIBRE
CAPACITY IN URC SYSTEMS
Mid-1990’s to 2000.
In the early to mid-1990’s there was a
transition in the cable core design of
submarine fibre optic cables. The earlier core
designs consisted of polymer tubes or slotted
cores. To improve both the mechanical
characteristics and the sealing properties of
the core, a steel tube that fully encapsulated
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Figure 1: URC-1 Q1 cables with
Ø3.7 and Ø5.6mm steel tube
dimensions for up to 48 and 96
fibre capacity
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With the new steel tube design, new methods
for repair and length splicing was developed
to handle both planned (planned splices are
typically due to supplied fibre reel capacity
and extended manufacturing length after
inner sheath extrusion) and contingency
splicing.
To further increase the flexibility of the steel
tube, additional dimensions were developed
and introduced into the submarine cable
product portfolio. These additional steel tube
dimensions supplemented the already
existing ø3.7mm tube but could now be more
tailormade to fit the required amount of
fibres. With the new range, the fibre capacity
was increased from 2 to 96 fibres (1 to 48 fps)
in a Q1 configuration.
Table 2 shows some typical steel tube
designs used in the URC-1 cable range.
Steel tube dimensions (Q1)
Ø2.3mm
Ø3.0mm
Ø3.7mm
Ø5.6mm

Maximum number of fibres1
12
24
48
96

Table 2: Steel tube size versus maximum
fibre count
In addition to the increase in fibre capacity,
both the ø3.7mm and ø5.6mm tubes can be
manufactured with a surrounding Cu
conductor for electroding purposes. This is
depicted in the cross-section drawings in
Figure 1.
The demand for higher fibre capacity in the
URC-1 segment pushed the engineering and
development further, and in the late 1990’s
and early 2000, the Q4 stranded steel tube
design was developed. This core design
opened for a large increase in fibre capacity,
compared to any of the earlier Q1 steel tube
designs. It still had the benefit and
mechanical advantages of the steel tube and
the sealing properties from external diffusion
of hydrogen. The design was based on the
1

Maximum number of fibres may vary depending on
fibre type and count. Typically, will LEAF be more
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standard ø3.7mm steel tube, but instead of
one steel tube in centre, four steel tubes were
stranded into a Q4 element configuration.
With up to 48 fibres in each tube, the total
capacity was increased to a maximum of 192
fibres.

Figure 2: Double armoured URC-1 cable.
Q4 steel tube core with up to 192 fibres
and 2 Cu conductors for electroding
purposes.
As for the Q1 design, the Q4 also had the
option of adding Cu conductor for
electroding purposes, as shown in Figure 2.
For type test and qualification of the URC-1
Q1 and Q4 portfolios international standards
have been followed, such as the current
revisions of the ITU-T G.976 and IEC 60794.
2000 to 2008
In the mid-2000 further increase in fibre
capacity was needed as new projects pushed
for higher fibre counts. Development of the
stranded multitube URC design was
introduced and the cable core construction
could implement anywhere between Q5 and
Q8, using the standard ø3.7mm steel tube as
the base for the design. When the cable
design is within the stranding capacity of the
manufacturing process and the standard steel
tube size of ø3.7mm is used, the variation in
the multi stranded configuration can be
changed without any large impact on the
production parameters or the design itself.
sensitive to the fibre marking and fibre count in the
steel tube, due to micro bending loss.
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This type of configuration proved to have
good flexibility, since the fibre capacity
could be adjusted to fit specific requirements
by either adding or removing steel tubes.
These new multitube designs could
incorporate up to 384 fibres (Q8) in a single
submarine FO cable.

Figure 3: Double armoured fibre optic
cable with up to 384 fibres divided among
8 steel tubes
2009 to 2017
In 2008/2009 the next level of increase in
fibre capacity was developed for the oil and
gas sector for cables to be used in the seismic
market. The seismic system consisted of a
series of branched cables with sensors along
each cable length on the seabed.

together into one cable, reaching the needed
fibre capacity of 768.
The static riser was installed by pulling the
cable through a J-tube and each individual
Q4 cable was divided top side to be further
connected to top side cables and monitoring
equipment.
Figure
4
shows
the
manufactured and supplied static riser design
with a fibre capacity of up to 768.

Figure

4: Static riser with 4xQ4 cores and
a total of 768 fibres

Other designs for similar use were designed
for even larger sensor systems. Figure 5
below shows a static riser, based on the Q4,
core with up to 6 cables stranded together,
increasing the fibre count to 1152.

The purpose of this system was to be able to
map the oil reservoirs and therefore be able
to reduce the cost linked to exploratory
drilling.
The sensor system was spread over a large
area where subsea fibre optic branching units
were used to branch off different routes of the
sensor array. The fibre count needed for the
specific system was 768. All these fibres
from the array were merged through a single
static riser cable that incorporated the needed
fibre quantity. The design itself was based on
the standard Q4 stranded core, with a
maximum capacity of 192 fibres. Four of
these armoured Q4 cables were stranded
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Figure 5: Static riser with 6xQ4 cores
and a total of 1150 fibres
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3. NEXT GENERATION OF HIGH
FIBRE CAPACITY DESIGNS – 2019
AND BEYOND
Up to present date there have been an
increasing demand in transmission capacity
through implementing higher fibre counts in
a single FO cable. The standard Q1 and Q4
designs still make up the main bulk of
submarine FO cables being manufactured for
the URC market. What can be seen is a
tendency, within certain market segments
and regions, of growing demand of single
submarine FO cables with larger quantities
of fibres within the cable core to remedy the
necessity for higher optical capacity.
To meet these new requirements, new
designs are being constructed, with the result
of pushing the further the capabilities of the
manufacturing equipment and machinery.
Potential new designs are, as far as possible,
based on existing cable cores or elements as
this will give a positive impact on the
limitations of the manufacturing processes
and the reduction in time and resources spent
on upgrading, requalifying or optimizing the
necessary machinery.
The steady increase in demand for higher
fibre count has led to the utilization of basic
steel tube builds. First the Q1 ø3.7mm tube
was introduced, then the Q4 based on the
ø3.7mm steel tube was released into the
market. Later the Q6, Q7 and Q8 designs
were developed. The 768-fibre design was
then based on the Q4 stranded core, now the
next generation of high count submarine FO
cables are being based on the Q6 stranded
steel tube element. This multi steel tube
element is stranded together through a
second manufacturing sequence to form a
higher level of multi stranded design.
The product based on the next generation
stranded multitube elements was named
Odin. This cable reached its 2016 high fibre
count using the, Q6, multi steel tube
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construction based on the ø3.7mm steel tube
dimension. The core manufacturing process
consists of stranding seven Q6 cores
together. Each steel tube has a maximum
capacity of 48 fibres, resulting in a total fibre
count of 2016.

Figure 6: Odin, 2016 fibres
design
Each Q6 core is surrounded by a HDPE inner
sheath layer. Six Q6 cores with PE fillers are
then stranded around a centre Q6 core. The
space between each core is then filled with
PE fillers to keep the circular shape of the
centre design. The fillers also function as
marking of the cores and steel tubes, so that
the numbering sequence of the cores, steel
tubes and fibres are known at any cable end.
A secondary HDPE layer surrounds all the
stranded Q6 elements. Then two layers of
cross laid armour wires flooded on bitumen
surrounds and protects the main multi core.
The armour wires are manufactured in
opposite directions for torsion stability. A
final outer HDPE layer keeps the armour
wires and core in place, giving additional
protection against abrasion and corrosion.
The steel tube can incorporate most fibre
types and standard ITU-T G.652 fibres can
be incorporated at maximum fibre capacity.
Larger effective area fibres, such as the ITUT G.654.B, D and E can be incorporated but
effects from micro bending losses due to ring
marking and the exploitable area inside the
steel tube can reduce the overall capacity and
therefore result in fewer fibres per steel tube.
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The fibre colouring and marking follows the
lists set in TIA-598-D. To differentiate
between the different clusters of colours
(usually ranging up to 12 different colours in
one cluster), the same colours are used for the
next cluster, but with one or more ring
markings on each fibre. To accommodate for
the negative effect the ring markings can
have on certain fibres, the colour range can
be increased to 16 or higher to reduce the
number of rings needed.

require higher fibre counts in a single FO
cable. The graph below shows how the
development of high fibre count designs has
progressed using steel tube technology and
based on project and market requirements
over the last 30 years.

At present time the maximum total cable
length that can be manufactured in one
continuous length is approximately 4000m.
Single steel tube diameter
Q6 core elements
Fibre capacity
Outer diameter
Weight in air
Hydrostatic pressure resistance
UTS
NTTS
NOTS
NPTS
Crush
Impact
MBD, ≥NPTS
MBD,no tension
Operating temperature range
Storage temperature range
Handling temperature range

Unit
mm
#
#
mm
kg/m
bar
kN
kN
kN
kN
kN
J
m
m
°C
°C
°C

Nominal
3.7
7
2016
65
11.2
150
800
250
150
110
40
400
2.4
1.9
-20 to +60
-40 to +70
-20 to +60

±
3
-

Table 3: Characteristics of the submarine
fibre cable – Odin.
The cable consists of components that have
been qualified according to the ITU-T G.976
and IEC 60794 standards.
The cable is typically supplied on a drum or
a turn table.
This new design, Odin, was manufactured
and supplied to client in 2018.
4. TRENDS IN FIBRE CAPACITY
The demand for higher fibre count has
steadily increased over the last 30 years.
Though the main market for unrepeated
cables are still within the capacity of the
standard URC-1 Q1 (up to 96 fibres), there is
a trend moving towards more projects that
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Figure 7: Designed and delivered cables
with increasing fibre count over the last
30 years.
5. TECHNOLOGICAL
SOLUTIONS
TO FURTHER INCREASE FIBRE
CAPACITY
To meet the need for future increase in fibre
capacity, any potential new designs could
implement multi strands with Q7 or Q8 core
elements, or there could be possibilities for
higher fibre count inside each steel tube. This
could be achieved by using a steel tube
diameter larger than the standard size
ø3.7mm for the stranded core elements.
Additionally, new fibre types with 200µm
diameter can be used to increase the number
of fibres in existing steel tube dimensions.
The future will certainly bring projects where
more complex designs are needed to
accommodate for the requirements of higher
fibre capacities.
6. JOINTS AND ACCESSORIES FOR
THE
HIGH
FIBRE
COUNT
DESIGNS
During the development of each type of cable
and steel tube core, this being a single Q1,
quad Q4 or multi stranded Q8, there has been
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a need for mechanical components to support
the designs both during manufacture and on
offshore campaigns. This would include
components such as repair joints, land/beach
joints, ROPAs, hang-offs etc.
Several such designs are available to be
accommodated with the specific designs. For
the regular Q1 steel tube design a URC-1
joint has been qualified for all designs in the
standard URC-1 portfolio. The URC-1 joint
has been developed further to include both
the ø5.6 steel tube with up to 96 fibres and
the Q4 design with up to 192 fibres.

Figure 8: Repair/transition joint for
URC-1 48, 96 and 192 fibres
Additional developments in the URC-1 joint
design also includes the Q5 to Q8 multitube
designs.

qualified components, such as the standard
URC-1 joint or the GPJ.

Figure 10: Joint for cable designs up to 2016
fibres
Characteristics of the submarine repair joints
Length, excl.
BSR
Diameter
Fibre count
Max water depth
Weight in air
Temperature
range, Operating
Temperature
range, Storage
Tensile strength,
straight tension

URC-1 Q1/
Q4
399mm

URC-1
Q8
565mm

URC-1 7xQ6
(Odin)
~2400mm

99mm
96/192
4000m/1500m
12.5kg
+40 to -10 °C

114mm
384
100m
24kg
+40 to -10
°C
+60 to -30
°C
90%
of
cable
NTTS

~300mm
2016
100m
~350kg
+40 to -10 °C

+60 to -30 °C
90% of cable
NTTS or max
360kN

+60 to -30 °C
90% of cable
NTTS

Table 4: Characteristics for the URC-1
repair joint for Q1, Q4, Q8 and Odin.
Joints for the Q1 and Q4 are qualified
according to ITU-T G.976 and IEC 60794
international standards.
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Figure 9: Repair joint for the Q8 design
with up to 384 fibres
Branching units used to split up the fibres
into one or several branches are important for
systems where the fibres must be branched
off from the main cable, i.e. to islands, in a
seismic system, etc. Branching units have
been developed to cover all URC-1 Q1 and
Q4 designs.
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For the higher fibre designs, such as the 2016
fibre cable, a mechanical repair joint has
been developed, based on known and
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