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Field Installable Optical Connector for Cables

Daigo Saito1, Kazuhiro Takizawa1, Kazuya Ogata1, and Tan Khee Yen Serin2

With the rapid expansion of fi ber to the home (FTTH) in Japan, mechanical splices and fi eld-
installable optical connectors have become important components widely deployed in a FTTH 
network. To date, we have developed and commercialized these components for various fi bers 
as well as drop cables. Applying this technology and expertise, we have developed a new fi eld-
installable optical connector for cables. This connector exhibits excellent optical characteristics 
and reliability tests results. We have designed a low cost jig also to improve the ease of 
installation.

1. Introduction
Today fi led-installable optical connectors that can 

terminate optical fi bers are widely and successfully de-
ployed in private enterprise networks and Asian FTTx 
markets 1). Such a connector, which typically incorpo-
rates a mechanical splice in its body, has come a long 
way. Major technological advancements have been 
made to achieve its present-day characteristics and re-
liability comparable to its factory assembled counter-
part. 

Ease and reliability of installation are critical factors 
when it comes to the design and development of fi eld 
installable techniques. We have reported on mechani-
cal splices and fi led-installable optical connectors for 
optical fi bers fulfi lling objectives of simple, one-action 
termination without requirement of polishing ferrule 
or epoxy curing of fi ber in the fi eld 2)-6). However, when 
it comes to terminate Aramid yarn reinforced optical 
fi ber cables; traditional technique of capturing Aramid 
yarn proves tedious in the fi eld and also requires cer-
tain amount of skills on the installer’s part. 

In accordance with the consideration of easy instal-
lation, we have developed a fi eld installable LC con-
nector capable of terminating Aramid yarn reinforced 
optical cables, with a unique way of securing Aramid 
yarn, which is less complicated than conventional 
method and yet maintains the same mechanical 
strength performance.

This paper fi rst examines the structure of this newly 
developed connector and the improvements made in 
current technologies, and then describes the termina-
tion method. In the end, the characteristics and perfor-
mance are discussed.

2. Connector structure
Figure 1 shows the components of fi eld-installable 

LC connector for Aramid yarn reinforced cables, 

whose connector interface is compliant with TIA/EIA 
604-10A Fiber Optic Connector Intermateability Stan-
dard - Type LC. The composition is similar to existing 
commercialized fi eld-installable LC connector for fi -
bers (Fig. 2) 7), consisting of a connector plug pre-set 
with a disposable wedge unit and a boot unit. This 
fi led-installable optical connector is capable of termi-
nating both φ2 mm and φ3 mm cables.

The cross-sectional structure of the terminated LC 
connector is illustrated in Fig. 3. Universal with all our 
fi led-installable optical connectors, the connector body 
comprises of a mechanical splice unit. The mechanical 
splice unit is engaged by the wedge unit during fi eld 
termination of optical cable. The boot unit is equipped 
with a screw feature to secure Aramid yarn to the back 
of the connector plug (Fig. 4). It consists of a tube also 
to provide relief to any strain that might be present as 
a result of the side pull loads. A jacket clamp is posi-
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Fig. 1. Structure overview of fi eld installable connector for 
cable. 

Connector plug with 
pre-set wedge unit

Boot unit

Screw
Boot

Screw

Connector plug

Tube

Clamp



Fujikura Technical Review, 2009 17

tioned at the end of the strain relief tube to fi x cable 
jacket in position.

Conventional approach of fi xing Aramid yarn is by 
means of crimping the Aramid yarn to the back of con-
nector plug via a crimp ring (Fig. 5). This method has 
the advantage of demonstrating good cable retention 
strength of more than 5 kgf. However, application of 
this method in the fi eld can demand the installer as it 
requires a degree of dexterity and is time consuming. 
This is further discussed in section 3.3. 

The screw feature of the boot unit of the new fi eld-
installable LC connector for cables has been developed 
specially to meet the ruggedness exhibited by the pre-
dominant crimping technique. The same cable reten-
tion strength of more than 5 kgf is realized.

3. Termination process

3.1. Assembly tool

The assembly tool for the cable developed to im-
prove ease of installation is shown in Fig. 6 and 7. This 
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Fig. 2. Structure overview of fi eld installable LC connector.

Fig. 3. Cross section structure of connector.
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low cost tool comprises of 3 features that simplify the 
termination process. Connector plug is able to be set 
onto the assembly tool. Therefore, handling in assem-
bling process in the fi eld becomes easier than the con-
ventional method. The cable grip is used to hold cable 

part of installing fi ber cable to maintain cable bend and 
therefore fi ber contact with pre-installed fi ber during 
fi ber termination, which is outlined in section 3.2. The 
2 Aramid yarn hooks are used for lightly and evenly 
fi xing Aramid yarn’s position on both sides of the con-
nector prior to securing to the back of the connector 
plug, which is explained in section 3.3. 

3.2. Termination of cable

The process of terminating optical cable with the 
fi eld-installable LC connector for cables is akin to that 
of the fi eld-installable LC connector for fi bers. Figure 
8 illustrates the installation process of optical cable us-
ing the assembly tool for cables. Connector plug is set 
onto the assembly tool and installing cable is prepared 
and inserted into the connector. A slight resistance is 
felt while inserting cable contacts pre-installed fi ber 
stub. Form a slight bend in the cable and set cable 
onto the cable grip to maintain the contact force. 
Squeeze both sides of the wedge unit to disengage 
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Fig. 5. Current method for clamping.

Fig. 6. Overview of new assembly jig.

3.Aramid yarn hook

2.Cable grip

1.Connector plug setting hole

Fig. 7. Feature of new assembly jig.



Fujikura Technical Review, 2009 19

wedge and grip fi ber in the mechanical splice unit of 
the connector plug. The process completes the termi-
nation of cable.

3.3. Securing of Aramid yarn and cable jacket

Securing Aramid yarn by the established method of 
crimping with a crimp ring has always been a cause of 
distress, especially for installers, new to the job and  
yet adept at this skill dependent operation. Figure 8 il-
lustrates also the process of securing Aramid yarn by 
the screw method, making use of the assembly tool for 
cable. Aramid yarn is fi rst split into two equal amounts 
and lightly hooked around the two hooks on the as-
sembly tool. The exposed φ900 μm fi ber is then aligned 
with the Aramid yarn and boot unit is screwed onto the 
connector plug to secure Aramid yarn tightly. Next, 
the connector plug is removed from the assembly tool 
after which the wedge unit is detached and Aramid 
yarn is trimmed.

In contrast, in the crimping approach (Fig. 5), the 
installer has to slide a crimp ring over the Aramid yarn 
and the back of the connector, and use a crimp tool to 
bind the Aramid yarn to the connector. The process of 
using a crimp tool requires more handiness than the 
screw mechanism, which can be easily handled by 
both an experienced installer and a novice.

In order to quantify the time required to terminate 
an Aramid yarn reinforced cord with a fi eld-installable 
LC connector by both conventional crimping method 
and new method of using a screw, a technician familiar 
with fi eld-installation techniques was selected, trained, 
and put through the actual test with the time taken re-
corded. The time demanded of him to complete a ter-

mination with the crimping method was 6.14 min, 
while the time necessary to execute a termination with 
the new method was 3.89 min. This demonstrated that 
not only was the newly developed method of securing 
Aramid yarn simpler; but also was it less time consum-
ing which improved effi ciency in the fi eld.

Finally, as the cable jacket is still unrestrained and 
there is a likelihood that it may piston out from the 
boot, thus compromising on the mechanical perfor-
mance of the connector. To resolve this, a jacket clamp 
is designed and attached to the end of the tube, to fas-
ten cable jacket to the tube. The force of the clamp is 
optimally designed such that it is strong enough to 
hold onto the cable jacket and yet not able to overcome 
the strength of the mechanical splice unit. Figure 9 
shows the operation of this jacket clamp. It is a straight-
forward step of pushing to engage the jacket clamp 
and fi x cable jacket in place.

4. Characteristics
The fi eld-installable LC connector for optical cable 

1. Insert prepared cable 
until contact is felt.

2. Make a bend in the cable 
to maintain connection. 

3. Disengage wedges to 
complete termination. 

4. Split Kevlar evenly and 
hook onto both side of 
tool. 

5. Secure boot unit onto 
back of connector. 

6. Remove connector from 
tool and wedge unit and 
trim Kevlar. 

7. Fastening of cable jacket 
to tube of boot unit.

Fig.8. Operation procedure.

Fig. 9. Fastening of cable jacket to tube of boot unit. 
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was designed to exhibit comparable characteristics to 
factory assembled LC jumper patchcords. The optical 
performance of the fi eld-installable LC connector is 
compliant with Telcordia GR-326-CORE. Figures 10 
and 11 give the insertion loss and refl ectance of the 
fi eld-installable LC connectors respectively, when ter-
minated with 2 mm single-mode optical cables. Mea-
surements were carried out at wavelengths of 1310 nm 
and 1550 nm. The average insertion loss is 0.22 dB at 
1310 nm and 0.20 dB at 1550 nm. The maximum inser-
tion loss is 0.39 dB at 1310 nm and 0.40 dB at 1550 nm. 
The mean refl ectance is 51.7 dB at 1310 nm and 49.8 
dB at 1550 nm. The minimum refl ectance is 43.1 dB at 
1310 nm and 44.5 dB at 1550 nm. These results veri-
fi ed that the optical performance of fi eld installable LC 
connector for cables corresponds to that of the fi ber.

Environmental and mechanical reliability of the 
fi eld-installable LC connector have been evaluated. 
Tables 1 and 2 present the compiled results for all the 
environmental and mechanical tests, respectively. The 
thermal cycle test result is shown in Fig. 12.

From the results shown, the maximum change in 
insertion loss for all tests does not exceed 0.1 dB and 
the mean refl ectance is more than 50 dB. It is estab-
lished that fi eld-installable LC connectors for Aramid 
yarn reinforced cables exhibit consistent and reliable 
environmental and mechanical performances.

5. SC interface type
Figure 13 shows the overview of SC interface type 

Fig.10. Insertion loss.
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Fig.11. Refl ectance.

Table 1. Environmental characteristics of fi eld installable LC 
connector terminated with φ2.0mm Kevlar reinforced cable.

Test item Condition
Max increase in 

loss (dB)
Mean refl ec-
tance (dB)

1.31 μm 1.55 μm 1.31 μm 1.55 μm

Thermal age 
test

85 °C, 
uncontrolled 

humidity, 
168 h

0.06 0.09 53.2 55.6

Low 
temperature

PVC fi ber: 
−40 °C, 240 h

0.08 0.1 52.5 53.7

Thermal 
cycle

−40 °C ~ 
75 °C, 

uncontrolled 
humidity, 21 
cycles, 168 h

0.05 0.07 51.6 52.9

Humidity / 
Condensation 

cycling test

−10 °C ~ 
65 °C, 90 % ~ 
100 %RH, 14 
cycles, 168 h

0.07 0.07 52.6 53.4

Salt mist
35 °C, 5 wt%, 

24 h
0.07 0.03 54.9 52.8

Table 2. Mechanical characteristics of fi eld installable LC 
connector terminated with φ2.0mm Kevlar reinforced cable.

Test item Condition
Max increase in 

loss (dB)
Mean refl ec-
tance (dB)

1.31 μm 1.55 μm 1.31 μm 1.55 μm

Twist test

1.35 kgf, 0°, 
900 °, 0 °, 
-900 °, 0 °, 

9 times

0.08 0.09 54.1 53.2

Straight pull 3 kgf, 1 min 0.1 0.09 55.3 52.9

Flex test
0.5 kgf, 0 °, 

90 °, 0 °, -90 °, 
0 °, 100 cycles

0.08 0.06 52.1 53.6

Impact test

Concrete 
block, 1.5m, 

horionzal 
position, 8 

impacts

0.01 0.02 53.2 51.8

Drop test 1.5 m, 5 drops 0.08 0.06 52.8 54.3

Durability 500 times 0.06 0.03 52.7 53.3
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fi eld installable optical connector for cables. The SC 
type has the same assemble fl ow, feature and struc-
ture as the LC type described in section 2 to 3.

6. Conclusion
To expand the lineup of fi eld-installable optical con-

nectors, we have successfully developed the fi eld-in-
stallable connector for Aramid yarn reinforced optical 
cables. This connector makes use of the established 
mechanical splice technique to terminate the optical 
cable with a unique way of securing Aramid yarn to 
the back of the connector plug, which has better instal-
lation ease and is less time consuming compared with 
conventional method. The connectors were evaluated 
and proven to exhibit exceptional optical performance 
and outstanding environmental and mechanical char-
acteristics. 

We have accomplished the objectives set out for the 
development of the fi eld-installable LC connector for 
Aramid yarn reinforced optical cables. Following this, 
we will continue our endeavors and employ similar 

technology to develop fi eld-installable SC connector 
for cables and achieve further targets such as better 
optical, environmental and mechanical performance 
and increased ease of installation in optical networks.
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