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WARNING and CAUTIONS
A warNING

Fujikura Ltd. accepts no responsibility for personal injury and/or equipment damage

resulting from improper use or modification.
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Do not attempt to use or operate this equipment before reading this instruction

manual. Read and follow all safety instructions and cautions contained in the manual.

This equipment is designed for splicing the optical glass fiber for telecommunication.

Do not attempt to splice any materials other than the optical glass fibers.

Safety glasses should always be worn during the fiber preparation and the splicing
process. A glass fiber fragment can be extremely dangerous if it comes into contact
with the eye, skin, or is ingested.

Use the only attached power cord. An improper power cord can cause fire and/or

equipment damage.

The appliance inlet is used to disconnect the power cord when using the equipment.

Be sure to position the equipment so that it is easy to disconnect the power cord.

If the side ventilation holes are covered, high temperature inside the equipment may
result in damage. Confirm the clearance of 2 inches between the ventilation holes

and wall when placing the equipment.

Check the AC or DC power source before turning on the equipment. Proper power
source is AC100-240V 50-60Hz (Max.3A) or DC12V (Max.64). Using power source out

of the proper range can cause personal injury and/or equipment damage.

When using an AC power generator, check AC output voltage with a tester which can
measure AC voltage. The AC output voltage from the generator must be within
AC100-240V, 50-60Hz. Generating wrong high voltage above the specification is a

common fault. Measuring the AC output voltage is necessary before every use.

Do not remove or bypass any electrical or mechanical devices (e.g., a fuse or safety

switch) incorporated into the design and manufacturing of this equipment.



(10) Never operate the equipment in an environment where flammable liquids, or vapor
exists. Extremely dangerous fire and explosion could result from the splicer's electrical

arc in such an environment.
(11) Spilled solvent or alcohol causes a fire hazard.

~ (12) Never use a canned air type cleaner to remove dust, or to clean the equipment. The

electrical arc may ignite any remaining gas mixture.

(13) During arc discharge, the electrodes generate very high voltage. The following

measures will prevent personal injury and/or equipment damage from the high

electrical voltage.

-Make sure no water or liquid is present on the equipment.
-Never touch the electrodes.
-Before operation, connect the equipment to the electrical ground (vearth).v
-When using an AC power source, use the included AC power cord. It connects to
electrical
ground through the third pin of the AC plug.
-When usipg DC power source or an AC socket with no groimd terminal, connect a cable
from the ground terminal on the equipment side panel to ground. '
-Make sure the power switch is off when the power cord is plugged in or out.
-Turn the power switch off and disconnect the power cord before the elevétrodes, the fuse
or

the up/down mirror is replaced.

(14) Dangerous electrical voltages are present inside this equipment. Failure to maintain

“the equipment properly can result in personal injury and/or equipment damage.

-The cover panel and/or any electrically operated accessories should never be opened or
removed except by an authorized engineer.

-Maintenance should only be performed by the authorized engineer, except the
replacement of electrodes, up/down mirrorv and fuse.

-Only authorized replacement parts must be used on this equipment.

(15) During/after heating the splice protector, do» not touch the ceramic heater and the

splice protector. The high temperature may cause personal-injury.
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(1) Attach the top cover to the equipment during the transportation. The top cover
includes a mechanism which secures the movable parts of the equipment.
Transportation without the top cover may result in damage to the movable parts.

(2) Use the carrying case to transport and store the equipment. The carrying case will
protect the equipment from damage, vibration, shock and moisture during storage and
transportation.

(8) The fiber setting position on the sheath clamp depends on the fiber cleave length. Set
‘ the fiber correctly by referring to the label inside the wind protector. This equipment
may not achieve optimum performance if the fiber setting position is incorrect.

“ transparent film has been put on a momtor screen to protect the €n this
equipment arrivesfrom-the-factory. Before us Me
on the corner of the-fitarand tear off t pe with the film. Do not use a hard or sharp
object to remove the film because such an object could serateh or damage-the-monitor.

(6) Set the electrodes to the correct position during replacement. Failure to place the new
electrodes into the proper position will results in abnormal discharge, may be
dangerous, and result in damage to the equipment.

(6) Always replace the electrodes as a pair.

(7 Use only alcohol to clean the objective lens, mirrors, v-groove, sheath clamp, fiber
clamp, LCD monitor and body. Any other chemicals may cause blurrmg, dlscoloratmn
or deterloratlon '

(8) Keep the equipment free from sand or dust. Never clean the v-groove with a hard
material or rough object. Doing so will damage the surface and degrade the
performance.

(9) Precise adjustment and alignments have been made to all parts of this equipment by
factory personnel. Do not loosen any screws or make any modifications to the
equipment other than electrodes, up/down mirror and fuse replacements. If you
encounter some problem w1th the equlpment please contact a sales agency or the
factory. : :

(10) Do not store in any area where extreme heat and humidity are present. Do not use
with the condensing on the any devices. It may cause equipment damage.

(11) This equipment requires no lubri :ation. Oil will degrade the performance and damage
the equipment.

(12)"The equipment must not be placed on an unstable place. In a case of falling to the
ground, it can cause personal injury and/or equipment damage.



1. GENERAL
The FSM-30S arc fusion splicer is designed to splice optical glass fiber for

telecommunications. The features are described below:

- Normal single-mode fiber(SM), multi-mode fiber(MM), dispersion shifted fiber(DS), cutoff
shifted fiber(CS) and Erbium doped fiber(ED) are applicable for splicing. Carbon coated

fiber and Titan fiber are also applicable.

- The splicer performs the fiber gap set, core/cladding alignment, splicing and loss
estimation automatically by image processing by an internal microprocessor.
A core alignment method is used for the SM mode, DS mode and CS mode. A cladding
alignment method is used for the MM mode. On the ED mode, it is possible to select the

core alignment method or the cladding alignment method on the arc condition menu.

- Proper cleave length is 8mm-16mm for ¢ 0.25mm coated fiber, and 16mm only for ¢

0.9mm coated fiber.

- There are three kinds of ambient environmental sensors that are built into the splicer: a
pressure sensor, a thermometer and a hygrometer. Those sensors adjust the arc power in
order to compensate for various of altitude/atmospheric pressure, temperature and

bumidity.

- The splicer is equipped with a built-in tube heater. Both 60mm and 40mm length splice
protection sleeves are applicable. Using the menu commands, it is possible to switch to the
appropriate protection sleeve length and to adjust heater time and temperature, if

required.

- The splicer is powered by AC 100-240V  50-60Hz (Max. 3A) or DC 12V (Max. 6A).









2. CONSTRUCTION

2.1 Components

The components comprising the FSM-30S are shown in Table 2.1.

Table 2.1 Components of the FSM-30S

Name Quantity Model Note
Splicer Main Body 1pc
AC Power Cord 1pc | ACC-01
Carrying Case 1pc
Spare Electrodes 1 pair | ELCT1-25
Spare Mirror 1pc | UDM-02
Spare Fuses 1pc . DC6.3A(20mm length) Time Lag Type
1pc AC3.156A(20mm length) Time Lag Type
Hexagonal Wrench 1pc
Tweezers 1pc
Instruction Manual 1pc




2.2 Optional Accessories

The optional accessories are available as shown in Table 2.2.

Table 2.2 Optional accessories of the FSM-30S

No. Name Model Note
1 | Fiber Cleaver CT-02/03/04/07! | for Silica fiber
CT-103/104/107 | for Titanium coated fiber
2 | Primary coat Stripper PS-02
Jacket Stripper JS-01
4 | Working Table Support WTS-1
WTS-2
Working Table WT-4
Splice Protector FP-3M
FP-03
FP-03(40mm)
7 | Portable Battery Pack FBP-05-110 Connect by DCC-01.
FBP-05-230 |
8 | High Capacity Battery FBP-02 Connect by DCC-01.
DC Power Cord DCC-01 for FBP-02 /05
DCC-04 for a motor car
10 { Memory Card Slot with | MCS-01 Prepare PCMCIA(Type I & II)

PCMCIA Data read out
Software X

S-RAM CARD. It needs neither the
attribute memory nor the secondary
battery.

From 64Kkbits to 1Mbits.

*Concerning the memory card adapter and the download software, refer to Section 5.6.1 on

page 55,




3. DESCRIPTION OF PRODUCTS

210

G-L - .

\
OGN ]

O
” = e N
O (@]
(© [ II H&% |L h &

[CB [
- C )
ARC_FUSION SPUCERFSM_BOS
o= 2]
o |
o = %@W—T W;@@;@ °
Figure Top View of the Main Body
No. Name Function
Panel Keyboard Used to operate the splicer (See this section on page 10).
2 | Tube Heater To heat and shrink ‘the splice protector. The 40mm or 60mm
probe.ctbr can be switched in the menu commands
(See Section 5.4 on the page 49). '
3 | Tube Heater Clamp | To hold the optical fiber during the heating piocess:.
Heating Indicator | This LED lamp is illuminated on during the heating process.
5 | Internal Monitor Allows the operator to view the fibers during the automatic
’ splicing process.
6 | Brightness To adjust the brightness of the monitor screen.
Adjuster
7 | Z-unit Binder The top cover engages this binder to secure the Z-units. To

protect the Z-units from damage by vibration, the top cover

must be attached during transportation.
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Figure Front View of the Main body
o 8 | Top Cover Protects the precise parts when not in use. Also, it secures the
Z-unit by pushing the Z-unit binder on the top panel. To
_ protect the Z-unit from damage by vibration, the top cover
must be attached during transportation;
- 9 | Work Table | To support an optinal work table.
Support
(Option)
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Side View of the Main Body



Protects the arc discharge from wind because ‘the wind

10 | Wind Protector
may cause an abnormal arc discharge. It also works as a
safety switch. The arc is automatically prevented by
opening this wind protector.

11 | AC Input Fuse Holder | The 3.15A time lug fuse (20mm length) is used.

12 | DC Input Fuse Holder | The 6.3A time lug fuse (20mm length) is used.

13 | DC Input " Indicates the DC input voltage (Green: adequate, Red: Too

Voltage Indicator high or too low)-
14 | Memory Card Cofler Protects the memory card slot. Remove this cover to insert
- the IC memory card in the case of a splicer equipped with
| the optional memory card adapter.

15 | Power Switch This switch has three positions (DC ON - OFF - AC ON).

16 | DC Power Terminal To connect the DC power cord when using an external
battery. Input range is DC 12V (Max.GA).

17 | Hygrometer To ineasure humidity.

18 | Video Output For output of the NTSC video signal (manufacturer use).

Terminal

19 | Thermometer To measure temperature.

20 | RS-232C Terminal Input and output of data based on the RS-232C protocol
(manufacturer use).

21 | AC Power Terminal To connect the AC power cord when using an AC power
source. Input range is AC 100-240V 50-60Hz (Max. 3A).

22 | Ground Terminal When using the DC power source (or an AC power source

with no ground terminal at the AC socket), connect a cable

from this terminal to electrical ground (earth).
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Figure Top View of the V-Groove Area

This Z-unit consists of the V-groove, sheath clamp and fiber

23 | Z-Unit
clamp.

24 | Objective Lens | Magnifies the fiber image.

25 | Discharge Electrode | Used to produce the arc discharge for fiber splicing.

26 | LED Lamp To illuminate the fibers for image processing.

27 | Electrode Cover Designed to protect the electrode (anode) during operation.

28 | Precision V-groove To align the fibers by precise movement.

29 | Fiber Clamp Used to secure the optical fiber in the V-groove.

30 | Sheath Clainp Keeps the fiber in the correct position by clamping the fiber
coating.

31 Up/Down Mirror To observe the fiber from X and Y views. It moves up and
down synchronized with the wind protector.

32 | Electrode Fixture Used to align and secure the electrbdes in the correct

position.
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33

RESET

To quit from any state except the heating process by tube |

heater. After pressing this key, the splicer w1Il return to the
ready state with a beep sound.

34

SET

To start the splicing operation, or to go through to the
PAUSE state.

35

Changes the focus from the X view to the Y view, or the Y
view to the X view.

36

Performs the arc discharge when "READY," "FIBER OK?"
(after gap setting), "ALIGNING OK?" (after fiber aligning)
and "FINISHED" (after splicing) messages are displayed on
the screen. In the "FIBER OK?" and "ALIGNING OK?"
state, the splicer performs the arc discharge as well as the
fiber stuffing and loss estimation when the "ARC" key is
pressed. Only the arc discharge occurs if the "ARC" key is
pressed in the "READY" state. In the "FINISHED" state,
pressing the "ARC" key results in the rearc and
recalculation of the estimated loss.

37

HEAT

To start the heating process by the tube heater. An LED
lamp is illuminated during heating, and blinks on and off
during the cooling process.

38

MENU

To show the main menu on the screen, or to quit from a
current display to a previous display.

39

AUP), V(DOW'N)

During menu commands, these arrows are used to move the
"% " symbol for selecting the items, or to change the value or
letter of the discharge conditions and comments. During
manual motor control, these arrows serve as the "Backward"
and "Forward" keys to operate the motors.

40

ENT

During menu commands, this key serves as an item selector,
a confirmation key, and so on.

41

F1,F2

During menu commands, these keys serve for variable
functions.

42

Alphabetical &
Numerical Keyboard

Used for entering the letter or numeral into parameters or
comments.

43

<] (LEFT)
D RIGHT)

During menu commands, these arrows are used to move the
input position of the comment characters. It is also used for
calendar setting and electrode center positioning.

-10-




4. OPERATION
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This splicer is designed to splice optical glass fiber for telecommunication. Do not
attempt to splice any material other than the optical glass fiber.

Safety glasses should always be worn during the fiber preparation and splicing
process. A glass fiber fragment can be extremely dangerous if it comes into contact
with the eye, skin, or is ingested.

Use the only attached power cord. An improper power cord can cause fire and/or
equipment damage.

The appliance inlet is used to disconnect the power cord when using the equipment.
Be sure to position the equipment so that it is easy to disconnect the power cord.

If the side ventilation holes are covered, high temperature inside the equipment may
result in damage. Confirm the clearance of 2 inches between the ventilation holes and
wall when placing the equipment,

Check the AC or DC power source before turning on the equipment. Proper power
source is AC100-240V 50-60Hz (Max.3A) or DC12V (Max.6A). Using power source out
of the proper range can cause personal injury and/or splicer damage.

When using an AC power genérator, check AC output voltage with a tester which can
measure AC voltage. The AC output voltage from the generator must be within
AC100-240V, 50-60Hz. Generating wrong high voltage above the specification is a
common fault. Measuring the AC output voltage is necessary before every use.

Never operate the splicer in an environment where flammable liquids, or vapor exists.

. Extremely dangerous fire and explosion could result from the splicer's electrical arc in

such an environment.

-11-




A wARNING

(9) During discharge, the electrodes generate very high voltage. The following measures

(10) During/after heating the splice protector, do not touch the ceramic heater and the

will prevent personal injury and/or splicer damage from the high electrical voltage.
-Make sure no water or liquid is present on the equipment.

-Never touch the electrodes. ' _

-Before operation, connect the equipment to the electrical ground (earth).

-When using an AC power source, use the included AC power cord. It connects to
electrical ground through the third pin of the AC plug. “ ,

-When using DC power source or an AC socket with no.ground terminal, connect a
cable from the ground terminal on the equipment side panel to ground. |
-Make sure the power switch is off when the power cord is plugged in or out.

-Turn the power switch off and disconnect the power cord before the electrodes, the

fuse or the up/down mirror is replaced.

splice protector. The high temperature may cause personal injury.

A cauTioN

(1) The fiber setting position on the sheath clamp depends on the fiber cleave length. Set

@

3

@

the fiber correctly by referring to the label inside the wind protector. This splicer may
not achieve optimum performance if the fiber setting position is incorrect.

Keep the splicer free from sand or dust. Never clean the v-groove with a hard material
or rough object. Doing so will damage the surface, and degrade the performance.
Precise adjustment and alignments have been made to all parts of this equipment by
factory personnel. Do not loosen any screws or make axiy modifications to the
equipment other than electrodes, up/down mirror and fuse replacements. If you
encounter some problem with the equipment, please contact a sales agency or the
factory.

The equipment must not be placed on an unstable place. In a case of falh’ng to the

ground, it can cause personal injury and/or equipment damage.

.12-



1. Turn the Splicer ON
After connecting the splicer to the AC or DC power source, press the power switch on.
The "READY" message appears on the screen of the LCD monitor.

2. Select the Splice Mode
The name of the current splice mode is displayed underneath the screen of the L.CD
monitor. Jump to the next procedure when the current MODE is suitable for the fiber. If
it is unsuitable, press the "MENU" key and enter the "MODE SELECT" state to change
the splice mode.

3. Thread the Fiber through the Splice Protector |
Threading the fiber through the splice protector is necessary before cleaving when the

splice protector will be used after splicing.

NOTEf§ This step should always be performed before the fiber ends are prepared.
Installation of the splice protector after fiber preparation will contaminate the

fiber. In that case, prepare the fiber end again.

4. Prepare the Fiber Ends v
After removing the coating, clean the cladding surface. Then, cleave the fiber precisely by
using an optical fiber cleaver.

5. Set the Fibers A
Set the first fiber on the V-groove, and close the sheath clamp and fiber ¢lamp c.are'fully‘
As the fiber setting position depends on its cleave length, set the fiber correctly by
referring to the label inside the wind protector.

Then, set the other fiber to the opposite V-groove by the procedure above.
Finally, close the wind protector.

6. Start the splice

Press the "SET" key to proceed.
At first, the fibers move toward each other. During the forward movement, a short arc
occurs to clean the fiber surface. The splicer stops forward movement when the gap
between the fiber ends is proper. After the initial gap setting, the spliéer measures and
displays the cleave angle.

" After the initial gap setting, the cladding and/or core alignment is performed. Then, the
splicer reduces the gap (a final gap setting), and generates a high voltage discharge for
the arc fusion along with stuffing the left side fiber into the right side fiber.

Finally, the microprocessor calculates and indicates the estimated loss on the screen.

-14-



4.2 Splicing Procedure
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Safety glasses should always be worn during the fiber preparation and the sphcmg
process. A glass fiber fragment can be extremely dangerous if it comes into contact
with the eye, skin, or is ingested.

Use the only attached power cord. An improper power cord can cause fire and/or
equipment damage.

The appliance inlet is used to disconnect the power cord when using the equipment.
Be sure to position the equipment so that it is easy to disconnect the power cord.

If the side ventilation holes are covered, high temperature inside the equipment may
result in damage. Confirm the clearance of 2 inches between the ventilation holes and
wall when placing the equipment. A

Check the AC or DC power source before turning on the equipment. Proper power
source is AC100-240V 50-60Hz (Max.3A) or DC12V (Max.6A). Using power source out
of the proper range can cause personal injury and/or equipment damage.

When using an AC power generator, check AC output voltage with a tester which can
measure AC voltage. The AC output voltage from the generator must be within
AC100-240V, 50-60Hz. Generating wrong high voltage above the specification is a
common fault. Measuring the AC output voltage is necessary before every use.
During/after heating the splice protector, do not touch the ceramic heater and the
splice protector. The high temperature may cause personal injury.

A caurtion
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The fiber setting position on the sheath clamp depends on the fiber cleave length. Set
the fiber correctly by referring to the label inside the wind protector. This splicer may
not achieve optimum performance if the fiber setting position is incorrect.

Keep the splicer free from sand or dust. Never clean the V-groove with a hard material
or rough object. Doing so will damage the surface, and degrade the performance.
Precise adjustment and alignments have been made to all parts of this equipment by
factory personnel. Do not loosen any screws or make any modifications to the
equipment other than electrodes, up/down mirror and fuse replacements. If you
encounter some problem with the equipment, please contact a sales agency or the
factory.

The equipment must not be placed on an unstable place. In a case of falling to the
ground, it can cause personal injury and/or equipment damage.

4.2.1 Connecting of Power Cord
1. Ensure that the Power Switch is OFF

Confirm the power switch is off before connecting the power source.

2. Connecting the Power Cord

(1) AC Power Source

Plug the AC power cord in to the inner part of AC power terminal.
(2) DC Power Source

Plug the DC Power cord in to the inner part of DC power terminal.

-16-




NOTE4 § The splicei“will be in a pause state after the gap setting if "PAUSE1" is "ON" in
the "OTHER COND." menu. In the pause state, the splicer displays a "FIBER
OK?" message on the screen (Display 3).

(Concerning the "PAUSE1" function, see Section 5.3 on Page 45.)

Crack Lip Incline

5?'@79 Hal S_W

Figure End Face View of Optical Fiber
Display 4

3. Automatic Core/Cladding Alignment R
Press the "SET" key to continue the splicing operation A
when the splicer is in the pause state ("PAUSE1").

The cladding and core alignments are performed in the

SM, DS or CS mode. In the MM or ED mode, only
cladding alignment is performed.

Following illustrations describe the case of the SM, DS
or CS mode splicing.

(1) At first, the splicer aligns outlines of the cladding in

both X and Y views simultaneously. " GLAD ALIGNING

XY 60

NOTES5 @ The Cladding axial offset value is displayed as Llspiay 0

shown in display 4 if "DATA DISPLAY" is ===
"ON" in the "OTHER COND. menu. [t
Regarding the "DATA DISPLAY," see Section
5.3 on Page 45.

(A positive axial offset value would indicate

that the right side fiber position is above the GORE

left side fiber position, and vice versa.)

(2) The splicer aligns the cores in the field of view which

is properly focused (X view in display 5). The core
axial offset value is also displayed if "DATA
DISPLAY" is "ON" in the "OTHER COND." menu.

: CORE ALIGNING
X 60 -

.94-



(3) After the arc fusion splicing, the splicer measures the
core axial offset value, and observes the splicing point.
The core axial offset value after splicing is displayed
beneath the axial offset value before splicing (Display

9).

(4) The microprocessor calculates the splice loss.

(6) "FINISHED" message and the estimated loss appear
on the screen (Display 10).

(6) If the splicer detects a problem at the splice point, an

error message is indicated above the estimated loss
(Display 11).

List of Error Messages: BUBBLE !
FAT!
THIN!

For detail, refer to Section 8.2 page 104.

Display 9

CORE GLAD

-0.13 +1.41
-0.23 +1.32

_ 60 1SM )

Display 10

CORE __

LOSS=0.02dB
*WP up: proof
*ARG:rearc
GCORE

+0.05
+0.09

FINISHED

Display 11

T
LOSS=0.50dB
*WP up:proof
*ARC :rearc
CORE

+0.16
+0.77

FINISHED
60







4.2.7 Rearc
In a case that the estimated loss is higher than acceptable,
there is a possibility of improving the loss by use of the
rearc.

1. Rearc
Press the "ARC" key to perform the rearc when the

"FINISHED" message is present on the screen. The

splicer generates an arc discharge again (Display 1).

NOTEIThe rearc time can be adjusted in the "ARC
COND." menu. See Section 5.2.4 on page 43.

2. Loss Estimation
(1) The splicer measures and displays the core axial offset

value again (Display 2).

(2) The new estimated loss appears on the screen
(Display 3).
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