
1. Introduction

In recent years, the demand for high fiber-count
ribbon cables has been constantly increasing.  To
meet this need, cables using 24-fiber ribbon have
become common 1). Initially, these cables contained
up to 432 fibers, but recently, 864 fiber-count cables
have been deployed 2). In the past year, cables with up
to 1,728 fibers have been demonstrated utilizing 24-
fiber ribbon 3). However, up to now, no splicer has
been introduced that is capable of splicing 24-fiber
ribbon. Furthermore, while we previously reported
the development of 24-fiber mass fusion splicing capa-
bility 4), it has previously been impossible to achieve
low loss splicing of all numbers of fibers (from single
fibers up to 24-fiber ribbons) with conventional arc
fusion techniques. In this paper, we are reporting
details concerning final development of a new mecha-
nism known as EDS (Electrode Driving System) that
has been developed in order to achieve acceptable
low loss splicing for all fiber counts up to 24-fiber rib-
bon. Fig. 1 shows the appearance of the FSM-40R24.
It can clearly be seen that the aforementioned splic-
ing capabilities have been achieved in a compact
splicer that features a design suitable for use in field
conditions.

2. EDS - Electrode Driving System

2.1 Relation between Actual Loss and the Fusion Arc
Heating Profile

In order to achieve low loss splice results when
splicing multiple fibers simultaneously, there are sev-
eral important parameters. Examples are: the pre-
splice fiber offset, cleave angles, arc time, arc power,
fiber stuff distance, etc. However, the most important
consideration for successful ribbon splicing is to dis-

tribute adequate and uniform heat across the entire
ribbon fiber array.  If this is not achieved, it is difficult
to obtain consistent low splice loss even if all of the
other important parameters are changed and opti-
mized. Therefore, in order to splice 24-fiber ribbons
with low loss, it is necessary to design a system that
provides adequate and uniform heat across the entire
24-fiber ribbon array.

2.2 Relation between Electrode Position and the
Fusion Arc Heating Profile

The most important parameter to apply heat equal-
ly across all the fibers in a ribbon is the electrode
position relative to the fibers. When splicing 24-fiber
ribbons, it is necessary to set the gap between the
electrodes as well as the offset of the electrode axis
(relative to the plane of the fibers) to positions suit-
able for 24-fiber ribbon.
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A small mass fusion splicer for splicing up to 24-fiber ribbon has been developed. This
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Fig. 1.  Appearance of FSM-40R24.



Fig. 2 illustrates the various temperature regions
produced across the electrode gap. The lower part of
Fig. 2 illustrates the important considerations of the
electrode position relative to the ribbon fiber array
(i.e., electrode gap, and the electrode axis offset rela-
tive to the plane of the fibers). The fusion arc temper-
ature profile has a typical characteristic such that in
the regions close to the tips of the two electrodes, the
arc plasma field has the highest temperature.
Therefore, when splicing with the plane of the fibers
aligned with the axis of the electrodes (Electrode
Offset = 0), it is impossible to heat all fibers equally.
The fibers on each end of the ribbon array (which are
close to electrodes) are exposed to very high heat,
and consequently they melt too much.  Fibers in the
center of the ribbon array receive either adequate
heat, or too little heat.  It is therefore important that

the electrode gap and electrode offset are set at suit-
able positions to heat all of the fibers within the 24-
fiber ribbon equally.

The temperature distribution across the ribbon
fiber array can be analyzed by measuring the melt
back amount of the fibers by use of an arc test. Fig. 3
shows the 24-fiber ribbon image that is produced
after a melt back test is performed when the elec-
trode positions is suitable for 24-fiber ribbon. In this
case, the electrode gap is wider than the width of 24-
fiber ribbon, the electrode offset is set at an accept-
able position, and other techniques are used to stabi-
lize and control the arc shape. As shown, the test
results with the 24-fiber ribbon are within a uniform
and acceptable melt back range.

Unfortunately, not all fiber counts from single fiber
splicing through every ribbon size all the way up to
24-fiber ribbon can be spliced with this electrode
position.

Fig. 4 shows the fiber melt back image for 16-fiber
ribbon that results from an arc test when the elec-
trode position is set to the position established as
suitable for 24-fiber ribbon. As this test result demon-
strates, the electrode position optimized for 24-fiber
ribbon is not suitable for 16-fiber ribbon. Therefore,
fibers at both ends of the 16-fiber array are melting
too much. With this condition, it is impossible to
achieve low loss splicing of 16-fiber ribbon. In order
to solve this problem, either the electrode gap or the
electrode offset needs to be changed to a position
optimized for 16-fiber splicing.

If the electrode offset relative to the plane of the
ribbon fibers is varied, the temperature variation is
sudden.  Therefore, adjusting the electrode offset to a
suitable position is extremely difficult and may not
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Fig. 3.  Melt Back Results,24-Fiber Ribbon
(Electrode Position Optimized for 24Fibers).

Fig. 4.  Melt Back Results,16-Fiber Ribbon
(Electrode Set at 24-Fiber Position).
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Fig. 2.  Straight Arc Discharge with Wide Gap.



produce results that are repeatable and stable.
Hence, if the electrode offset is changed in order to
heat the fibers in a 16-fiber ribbon equally, it is neces-
sary to adjust the electrode offset with extremely
high precision. Therefore, it has been determined
that it is better to set the electrode offset position rel-
ative to any size ribbon to a fixed value that is suitable
for 24-fiber ribbon, and to adjust only the electrode
gap for splicing numbers of fibers less than 24.

Fig. 5 shows the arc test result for 16-fiber ribbon
with adjustment of the electrode gap to an adequate
position. Clearly, by changing only the electrode gap
position, adequate heat can be distributed to the
entire 16-fiber ribbon array. 

Similar issues can be observed if the electrode
position for 24-fiber ribbon is used in a melt back test
for 12-fiber ribbon. Fig. 6 illustrates such an arc test
result. Adequate and uniform heat cannot be distrib-
uted across the entire 12-fiber ribbon with the 24-
fiber electrode position. Therefore, it is necessary to
adjust the electrodes to an adequate position for 12-
fiber ribbon. As in the case of adjusting for 16-fiber
ribbon, it has been determined that adjusting only the
electrode gap (while leaving the electrode offset posi-
tion at the offset value previously established for 24-
fiber splicing) is sufficient to achieve adequate and
uniform heat across the entire 12-fiber ribbon. Fig.7
illustrates the result. Moreover, it has been con-
firmed that the 12-fiber electrode gap position pro-
duces an adequate and balanced heat distribution for
splicing all numbers of fibers less than and up to 12,
including single fiber splicing.  This indicates that the
new splicer has a single balanced and adequate elec-
trode position for splicing 1-12 fibers just like the con-
ventional 12-fiber splicer 5). 

Note: The crosshatched areas in the Table 1 corre-
spond to conditions in which the width of the
ribbon fiber array is larger than the electrode
gap.  Hence, in such a condition it is impossi-
ble to splice, and this condition is not applica-
ble.

We confirmed from the developments and experi-
ments detailed above that all ribbon fiber counts as
well as single fiber splicing can be performed with
three electrode gap positions: 
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Fig. 5.  Melt Back Results,16-Fiber Ribbon
(Electrode Gap Optimized for 16 Fibers).

Fig. 6.  Melt Back Results,12-Fiber Ribbon
(Electrodes Set at 24-Fiber Position).

Fig. 7.  Melt Back Results,12-Fiber Ribbon
(Electrode Gap Optimized for 12 Fibers).



(1) One electrode position is suitable for splicing 1-
12 fibers, 

(2) Another electrode gap position is optimized for
16-fiber ribbon, 

(3) A third electrode gap position is utilized for 24-
fiber ribbon splicing. 

Therefore, the electrode gap must be moved to the
suitable position relative to the number of fibers to be
spliced.  Hence, the FSM-40R24 features the new
automated EDS (Electrode Driving System) mecha-
nism.

2.3 Splicing Performance with 1 to 24 Fibers

Based upon the experimental results, a splicer has
been developed that utilizes EDS in order to automat-
ically set the electrode gap to the appropriate one of
three optimum positions (depending upon the num-
ber of fibers to be spliced). Single mode fiber splice
loss results for this splicer are shown in Fig. 8, Fig.9,
and Fig. 10 for 24-fiber ribbon, 16-fiber ribbon, and
single fiber splicing respectively. In each case, the
average splice loss is less than 0.02dB, clearly indicat-
ing that the electrode condition is suitable for each
fiber count.
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16 Fiber Splicing, 10 Splices
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Fig. 9.  Splice Loss Results
(16-Fiber SMF Spliced to 16-Fiber SMF).

N=50
Single Fiber Splicing, 50 Splices
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Fig. 10.  Splice Loss Results
(Single SMF Spliced to Single SMF).

N=240
24Fiber Splicing, 10 Splices
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Fig. 8.  Splice Loss Results
(24-Fiber SMF Spliced to 24-Fiber SMF).

Fiber
Electrode gap position

1-12 mode 16 mode 24 modenumber

1 OK NG NG

2 OK NG NG

4 OK NG NG

8 OK NG NG

12 OK NG NG

16 OK NG

24 OK

Table 1. The Relation between Electrode Gap and Splice Loss

Average: 0.009dB

N=240
24 Fber Splicing, 10 Splices
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Fig. 11.  Esimated vs.Actual Loss
(24-Fiber SMF Spliced to 24-Fiber SMF).



The correlation between estimated and actual
splice loss can be seen in Fig. 11 (in this case, the
estimated versus actual splice loss data is for the 24-
fiber SM ribbon splicing). As this figure shows, the
mean difference between estimated and measured
splice loss is 0.009dB.

Splicing tests have also been performed with 12
and 24-fiber ribbons containing TrueWave RS fiber,
as well as 24-fiber ribbons containing LEAF fiber.
This test data is shown in Fig. 12-14. In every case,
the average splice loss is less than 0.05dB. Hence, we
have confirmed that use of the Electrode Driving
System (EDS) allows the new mass fusion splicer to
achieve performance results when splicing 1-24 fibers
ribbon that are equivalent to conventional 12-fiber
mass fusion results, even in the case of the more diffi-
cult to splice Non-Zero Dispersion fibers such as
TrueWave and LEAF.

3. Other Aspects of the FSM-40R24 Mass
Fusion Splicing System

Table 2 lists the major specifications of this new
splicer.  In this paper, we also introduce some of the
unique features of the new splicer and its related
equipment.

3.1 Structural Design

Plastic molding or metal die-casting manufacturing
methods have been utilized in the case of splicer
parts that have complicated shapes. The use of these
production methods has allowed a decrease in both
the number of parts and a decrease in the weight of
the splicer. As a preventative measure against rust
(which may be generated from Ozone resulting from
the fusion arc), the use of stainless steel or rust-pre-
ventative coatings are applied to the parts that may
have some susceptibility to rust corrosion.

The FSM-40R24 splicer incorporates the same
advanced wind protector technology as other recent
splicers. The wind protector design prevents instabili-
ty of the fusion arc discharge due to wind (and hence,
unstable splice loss results) even when working in
exposed conditions with wind speeds of 15 meters
per second.   
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N=120
12 Fiber TrueWave Ribbon Splicing, 10 Splices
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Fig. 12.  Splice Loss Results for TrueWave RS
(12-Fiber Ribbon Splicing).

N=240
24 Fiber TrueWave Ribbon Splicing, 10 Splices
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Fig. 13.  Splice Loss Results for TrueWave RS
(24-Fiber Ribbon Splicing).

N=240
 24 Fiber LEAF Ribbon Splicing, 10 Splices
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Fig. 14.  Splice Loss Results for LEAF
(24-Fiber Ribbon Splicing).

Dimension 160mm (W) × 170mm (D) × 180mm (H)

Weight 4.3kg

Wind
15 meters/s

protection

Splicing time
16, 24-fiber mode : 50 s or less

1-12 fiber modes : 40 s or less

Splice sleeve Approximately 120 s

heating time (Using the sleeve for 24-fibers)

Monitor 5 inch color LCD

Table 2. Major Specifications of the FSM-40R24



4. Complete Splicing System

The splicing process for 24-fiber ribbons can be
divided into 4 stages: (1) Strip the fiber, (2) Cleave
the fiber, (3) Splice the fiber, and (4) Protect the
fiber. This is shown in the flow chart in Fig. 15.  The
proper tools are necessary at each stage in order to
complete each part of the 24-fiber ribbon splicing
process. 

4.1 Stripping the Fiber

In order to splice up to 24-fiber ribbons, a stripping
tool is required that is capable of performing the
stripping task. Unfortunately, the stripping force
required to strip a 24-fiber ribbon is significantly
greater than that required to strip a 12-fiber ribbon.
Furthermore, the clamping force that must be applied
to the ribbon matrix that is to be stripped off of the
ribbon fibers as well as the clamping force that must
be applied to the ribbon fiber holder must also be
considerably higher than that required in stripping
operations for 12-fiber ribbons.  Simply requiring the
splicer operator to manually exert such higher clamp-
ing pressure and stripping force is not practical for
user-friendly splicing operations.  It should also be
noted that these stripping operations must be repeat-
ed many times by the operator in the case of splicing
a high fiber count cable. Therefore, we have devel-
oped a completely new stripping tool.  This tool is
shown in Fig. 16. This new stripper incorporates a
power assist system, which makes it easy for the
operator to apply the necessary stripping pull-force by
use a lever-arm mechanism.  In addition, the new
stripping tool utilizes special clamping latches to pro-
vide the additional clamping force required on both
the ribbon matrix and the ribbon fiber holder. By
incorporating these features, stripping operations
with 24-fiber ribbon are performed easily. 

4.2 Cleaving the Fiber

Fig. 17 shows a new and advanced fiber cleaver.
This cleaver has expanded capability in order to
cleave up to 24-fiber ribbons.  In addition, it has other
new and helpful features. For example, the new

cleaver performs precision cleaving with just a simple
one-step operation. The only action required by the
operator is to push downward on the top of the
cleaver.  Cleaving performance is the same as the
previous high precision cleaver, despite the greatly
simplified operation. In addition, an optional cleaved-
fiber scrap recovery attachment is available. This
device easily recovers each cleaved fiber scrap.  This
is a significant benefit for ribbon splicing in which
case each cleaving operation results in multiple
cleaved fiber scraps that must otherwise be removed
manually by the operator. This feature is of course of
even greater benefit when cleaving 24-fiber ribbons.
In addition, the new cleaver has great benefits in
terms of maintenance such as a cleaver blade that is
easily replaced by the user, and greatly expanded
blade life.

4.3 Splicing the Fiber

Our 24-fiber ribbon splicer is the first such splicer
developed in the world. The fiber holder system was
designed for use with the splicer. This allows simple
ribbon fiber preparation prior to splicing using the
aforementioned new tools, and easy loading of the
stripped and cleaved ribbons into the splicer. After
setting the ribbon fibers into the splicer, splicing is
performed with one touch on the operator keypad,
and the splicer automatically advances and splices
the fibers, and calculates the estimated splice losses.

4.4 Protecting the Fiber

After splicing the 24-fiber ribbon, the spliced
region is protected with a exclusive new splice protec-
tion sleeve. The splice protection sleeve for 24-fiber
ribbon is larger in width than former ribbon splice
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Strip the fiber

Cleave the fiber

Splice the fiber

Protect the fiber

Fig. 15. Splicing Operation Flow.

Fig. 16.  New Fiber Stripper.

Fig. 17.  Fiber Cleaver.



sleeves, but is similar in thickness to the splice pro-
tection sleeve for 12-fiber ribbon.  Therefore it fits
into many existing splice organizers and splice stor-
age trays.  However, due to its greater size and ther-
mal mass, the new sleeve requires more heat for the
shrinking process. Accordingly, a new tube heater
has been developed, and we have been able to
achieve a heat shrink time with 24-fiber ribbon splice
sleeves comparable to that achieved with 12-fiber
mass fusion splicing (and actually faster than older
generation mass fusion splicer tube heaters).  A com-
pleted and heat-shrunk 24-fiber splice sleeve is shown
in Fig. 18.

5. Conclusion

We have developed a new 24-fiber ribbon splicer,
capable of splicing from 1 to 24 fibers. 
(1) Stable splicing performance with low loss has

been realized, even with Non-Zero Dispersion
fibers.  This performance is achieved by use of the
Electrode Driving System that ensures a suitable
electrode position and condition relative to the
number of fibers to be spliced.

(2) The splicer is small, lightweight, and suitable for
use in harsh outdoor field conditions, including
high wind environments.

(3) The new stripping tool incorporates a power assist
system, which makes it possible to strip 24-fiber
ribbon with ease.

(4) The new cleaver provides high-precision cleaving
performance with up to 24-fiber ribbons, greater
ease of use than the previous model, a scrap dis-
posal system that provides great convenience for
ribbon splicing, and improved maintenance fea-
tures.

(5) The new tube heater system and 24-fiber splice
protection sleeve provides the same heat shrink
time as with previous ribbon splice sleeves, there-
fore doubling productivity of the heat shrink
process relative to 12-fiber splicing.
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Fig. 18.  Protection Sleeve(24-Fiber Ribbon).


