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Delivery Cable for High Power Fiber Laser
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Intensity of reflected light is increased in laser processing with high power CW fiber lasers. A 
delivery cable having high durability to reflected light is required. We have developed a delivery 
cable that has high durability to reflected light. Also, our LDC has high resistance to external 
mechanical force.

1. Introduction
Recently, high-power continuous wave (CW) fiber 

lasers are widely used for laser processing applications. 
In fiber laser systems, laser delivery cable (LDC) is 
one of the most important fiber-optic devices. One 
fiber end of the device is connected to fiber laser 
apparatus, and the opposite fiber end is connected to 
collective lens system. In laser processing applications, 
the outgoing beam from LDC propagates through a 
collective lens system, and focuses on the surface of 
the workpiece. Irradiating the surface with the focused 
energy of laser beam, the workpiece is melted and 
processed. It is known that the process quality depends 
to a large degree on several beam specifications, such 
as laser power, beam parameter product (BPP), and 
beam profile. The most of these specifications are 
derived from the configuration of optical circuit in the 
laser oscillator. Therefore, LDC is required to sustain 
these specifications while delivering the laser beam to 
the collective lens system.

In terms of practical usage, it is also important to 
avoid a mechanical failure due to the external force 
induced by movement of the collective lens system 
during laser processing. It is necessary that LDC 
meets requirements for the beam pointing stability 
under external force and the mechanical toughness 
including impact resistance.

The laser beam irradiated to the workpiece can be 
reflected back through to LDC in some conditions, for 
example, during pre-melting process or under an 
unsuitable process condition. Under such 
circumstance, LDC is required to withstand high 
reflected power until the laser oscillation safely stops 
in the system interlock state. The demand for durability 
to the reflected light is increasing with power 

improvement of fiber lasers in late years.
In this study, we present newly developed LDC 

equipped with high resistance to external mechanical 
force and high durability to reflected light. Our LDC 
has high stability for the beam pointing under 
application of external force induced by bending, 
tension, and torsion. Then, there was no failure in our 
LDC even if the LDC was dropped from the height of 
1,000 mm for 10 times. Additionally, we confirmed that 
our LDC was endurable to repeated bending for 
1,000,000 times. Also, nevertheless the output power 
of 750 W was irradiated for a period of 60 minutes, our 
LDC endured with no failure.

The mechanical toughness has been established by 
Fujikura’s dedication to reliability design, and 
mechanical design. Also, high durability to reflected 
light is obtained by employing our unique optical 
configuration based on Fujikura’s optical design 
expertise.

2. Configuration of LDC
The photograph of the LDC is shown in Fig. 1. We 

have developed two kinds of models which support 
different delivering power. One (model) is used to 
transmit the output power of over 10 kW, and the other 
is used for under the same. The main difference in 
those two models is the diameter and the length of the 
glass component called endcap. The optical component 

Fig. 1. Photographs of the laser delivery cable.
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of the LDC is shown in Fig. 2. The endcap is attached 
to the top end of the delivering fiber. It is generally 
made of quartz glass since it must be highly 
transparency, and its end face is polished and coated 
by AR layers. When a laser beam is radiated from the 
top end of an optical fiber, the power density becomes 
very high. In this condition, if a microscopic light 
absorber adheres to the surface, the temperature of 
the substances rises and could result in severe damage 
to the fiber. To avoid this problem, an endcap is 
attached to the top end of the optical fiber. This leads 
to expanding the beam diameter and lowering the 
power density of outgoing beam, and therefore, the 
possibility of fiber damage caused by heating absorber 
can be successfully reduced. In our LDC, two kinds of 
endcaps having different diameter and length are used 
properly according to the output power. One is for 
more than 10 kW, and the other is for less than the 
same. The power density at the end face of the endcap 
is controlled to be less than the damage threshold.

We have improved the durability to reflected light of 
our LDC by putting a glass rod with a light guiding 
core and a cladding mode stripper. The glass rod with 
a core is put between the endcap and the optical fiber. 
The cladding mode stripper is made on the outer 
circumference of the optical fiber. During laser 
processing, if there is no glass rod, the reflected light 
from the processing workpiece, which has travelled 
backward through the collective lens system, could 
focus on around the back surface of the endcap which 
forming the boundary between the endcap and the air. 
The boundary scatters the reflected light and raises its 
temperature by absorbing these scattered light. As 
such, the boundary could be heated and damaged. We 
have eliminated structural vulnerability due to the 
reflected light by taking away the boundary by means 
of putting the glass rod on the back side of the endcap.

Moreover, if the reflected light incident on the fiber 
cladding propagates through the cladding, leak to the 

optical fiber coating occurs when the light passes at a 
bending section of the fiber. This could cause damage 
to the coating of the optical fiber. For high reliability of 
the LDC, the leak to the coating has to be decreased. 
It is desirable to make the reflected light travelling 
through the cladding leak to air at the uncoated part of 
the optical fiber before the light reaches the coated 
part of the optical fiber. In order to realize it, the outer 
circumference of the optical fiber has been roughened. 
This is so called cladding mode stripper and functions 
as an apparatus of scattering the reflected light out of 
the cladding. As these scattered lights hits the interior 
wall of metal casing and eventually get converted to 
heat, the metal casing is equipped with water cooling 
unit.

3. Characteristics of LDC
Since two kinds of models have a common 

configuration except for their endcaps, in this report, 
we introduce some characteristics of one for larger 
delivering power.

3. 1  Optical properties

The typical optical properties of the LDC are shown 
in Table 1. Also, the beam profile of the LDC is 
indicated in Fig. 3. The output power delivered through 
this LDC is at most 12 kW. This LDC can be equipped 
with our fiber laser lineups, including the highest 
output power model. The laser beam delivered 

Fig. 2.   Schematic diagram of optic part in the laser 
delivery cable.
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Fig. 3.   Beam profile of laser light radiated 
from the laser delivery cable.

Item Typical value

Transmission output power (kW) 12.6

Insertion loss (%) 1.1

Variation amount of BPP (mm ◊ mrad) 0.31

Angle of optical axis (mrad) 8.8

Table 1. Typical characteristics of the laser delivery cable.

Panel 1. Abbreviations, Acronyms, and Terms.

AR–Anti-Reflection PVC–Polyvinyl Chloride
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through this LDC is characterized with low 
transmission loss, small variation amount of BPP, and 
no deterioration of beam profile. This shows that the 
LDC functions adequately as a transmitting device.

The angle of the optical axis is defined as the angle 
between the outgoing beam from the LDC and the 
mechanical reference axis. If this angle is too large, 
then an incoming beam to the collective lens system 
could intersect with inside lenses at inappropriate 
positions and scatter to various directions. It could 
result in output power loss. Our LDC’s angle of the 
optical axis is small enough to be free from the problem 
as described above in practical use.

In order to validate the reliability of our LDC for 
continuous running under high power operation, the 
running test of the LDC was carried out for a period of 
2,000 hours. The result of this test is shown in Fig. 4. 
The output power loss was not observed during the 
test period. This result indicates that our LDC endures 
long term operations.

3. 2  Resistance to mechanical force

In order to confirm the LDC is usable for laser 
processing, we evaluated the mechanical stability of 
the LDC when predetermined external force was 
added to it.

During laser processing, as the collective lens 
system moves three dimensionally in space, the LDC 
connected with the collective lens system receives 
various types of external force, such as vibration and/
or impact. Since this external force changes the 
positon of the LDC relative to the collective lens 
system, the optical axis of outgoing beam from the 
LDC also shifts and matches no longer with one of the 
collective lens system. If this shift exceeds an 
acceptable value, the incoming beam to the collective 
lens system could scatter and/or the outgoing beam 
from the collective lens system could travel to an 
unexpected direction. Either could induce process 
failure. Therefore, the shift of the optical axis under 
external force should be controlled to be less than a 

predetermined permissive value.
We have satisfied this demand by optimizing the 

mechanical component design of fitting sections in the 
LDC which is fitted to the collective lens system. Table 
2 shows the result of the test in which we evaluate the 
fluctuation amount of the optical axis of the outgoing 
beam from the LDC under application of external 
force. From this result, it is proved that our LDC has 
high mechanical stability to the external force.

Applying reliability assurance expertise that we 
have acquired in a long time, we have improved a new 
LDC that has high drop-resistance. The drop test from 
a predetermined height was conducted on the LDC to 
confirm the presence or the absence of failure. From 
the result shown in Table 3, the LDC has sufficient 
high drop resistance for practical use.

The optical fiber used in the LDC is inserted to the 
metal tube covered by PVC coating. This prevents 
external forces from cracking and damaging the 
optical fiber. This metal tube has to have the resistance 
to repeated bending, since the collective lens system 
connected with the LDC moves three dimensionally in 
space during laser processing.

Then, the flex resistance test was conducted on the 
LDC to confirm that the LDC had high resistance to 
repeated bending, and the result is shown in Table 4. 
Our LDC is proved to be highly resistant to repeated 
bending and be endurable enough in practical use.

3. 3  Durability to reflected light

As described above, when the reflected light is 
incident to the LDC, the LDC should withstand the 

Table 2. Result of mechanical test.

Item Condition Result

Bending (N ◊ m) 4

PassTension (N) 25

Torsion (N ◊ m) 10

Table 3. Result of drop test.

Item Condition Result

Height (mm) 1,000

PassAcceleration (G) 1,000

Number of trials (times) 10

Table 4. Result of flex resistance test.

Item Condition Result

Bend angle (degrees) ± 90
Pass

Number of bendings (times) 1,000,000Fig. 4.   Output power of laser light on continuous running.

20

12

16

8

4

0

14

18

10

6

2

0 500 2500200015001000

O
ut

p
ut

 p
ow

er
 [

kW
]

Time [hr]



Fujikura Technical Review, 2019 19

reflected light with no failure. Also, since the reflected 
light incoming to the LDC is scattered at the cladding 
mode stripper and absorbed to the metal casing, its 
temperature is rising. The temperature of the metal 
casing, which is water cooled, reaches to the 
equilibrium temperature in portion to the output 
power of the reflected light. This equilibrium 
temperature should be maintained under the 
permissible level.

We launched a laser beam to the LDC from the 
endcap side to simulate the reflected light incident to 
the LDC. The temperature of the metal casing was 

measured continuously for a period of 60 minutes. 
Figure 5 shows the results of this trial. Nevertheless 
the output power of 750 W was irradiated, the 
equilibrium temperature of the metal casing 
maintained to be sufficiently low to prescribed 
permissible level. Consequently, we have concluded 
that our LDC has high durability to the reflected light.

4. Conclusion
We have developed new LDC with high durability to 

reflected light and high resistance to external 
mechanical force. Also, this LDC is capable to transmit 
the laser output up to 12 kW at most. This result 
derives not only from the expertise of reliability 
assurance of glass components and the technique of 
designing mechanical components we have developed 
for a long time, but also from applying the unique 
optical configuration of glass rod.
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Fig. 5.   Temperature variation of a metal casing used in the 
laser delivery cable under exposure to back reflected 
laser radiation.
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