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AN APPARATUS AND A METHOD FOR HEATING A PROTECTIVE MEMBER 

FOR AN OPTICAL FIBER FUSION SPLICING PART 

BACKGROUND OF THE INVENTION 

5 1. Field of the Invention 

The present invention relates to an apparatus and a 

method for heating a protective member for protecting a fusion 

splicing part of optical fibers. 

10 2. Description of the Related Art 

Two coated optical fibers are permanently spliced to each 

other in such a manner that a coating layer of an end part of 

each coated optical fiber is removed to expose a vitreous fiber 

thereof (hereinafter referred to "optical fiber"), and the thus 

15 exposed optical fibe~s are aligned, joined end to end and fusion 

spliced together. The exposed portion of the optical fibers 

including the fusion splicing part is covered with a protective 

member and protected thereby. Figs. S and 9 are diagrams 

showing protective members each used for the optical fiber 

20 fusion splicing part. Figs. SA and 9A are transverse sectional 

views of the protective members, and Figs. SB and 9B are 

longitudinal sectional views of the same. 

In Figs. 8 and 9, reference numerals 10 and 10' represent 

protective members; 11 and 11', adhesive tubes; 12 and 12', 

25 reinforcing members; and 13, a thermal shrinking tube. The 

protective member 10 of Fig. S is applied mainly to a splicing 

part of the optical fiber ribbon containing a plurality of 

optical fibers. The protective member 10' of Fig. 9 is applied 

mainly to a splicing part of a coated optical fiber containing 
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a single optical fiber. 

The protective member 10 of Fig. 8 consists of the thermal 

shrinking tube 13, the adhesive tube 11 and the reinforcing 

member 12 which is solid semicircular in cross section. The 

5 adhesive tube 11 and the reinforcing member 12 are stored in 

the thermal shrinking tube 13 while the reinforcing member 12 

is disposed in parallel to the adhesive tube 11 in a longitudinal 

direction. The protective member 10' of Fig. 9 consists of the 

t~ermal shrinking tube 13, the adhesive tube 11' and the 

10 reinf arcing member 12 ' which is sol id circular in cross section. 

The adhesive tube 11' and the reinforcing member 12' are stored 

in the thermal shrinking tube 13 while the reinforcing member 
. -

12' is disposed in parallel to the adhesive tube 11' in a 

long.itudinal direction. The adhesive tubes 11and11' are made 

15 of adhesive resin, such as ethylene vinyl acrylate. The 

reinforcing members 12 and 12' are made of material having good 

heat resistance and a high compressive strength, such as glass 

ceramic or stainless steel. The thermal shrinking tube 13 is 

made of irradiated polyethyiene, for example. 

20 An optical fiber ribbon containing a plurality of optical 

fibers is made in such a manner that a plurality of optical 

fibers are aligned and coated by a coating resin to form a 

tape-shape. As shown in Fig. 8, the reinforcing member 12 is 

shaped to be solid semicircle in cross section, and the adhesive 

25 tube 11 is shaped to be hollow elliptical in cross section, 

in order to dispose the optical fiber ribbon thereto easily. 

However, the adhesive tube 11 may be hollow circular in 

transverse cross section, since it is soft and easy to be 

deformable. In the case of a coated optical fiber containing 

30 a single optical fiber, the cross section of the coated optical 
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fiber is circular, and hence, there is no need that the 

reinforcing member 12' should be solid semicircular in cross 

section·. Therefore, as shown in Fig. 9A, the reinforcing 

member 12' is solid circular in cross section, which makes it 

5 easy to manufacture o.f the reinforcing member, and the adhesive 

tube 11' is also hollow circular in cross section. 

Fig. 10 shows a working procedure to protect an optical 

fiber fusion splicing part with the thus produced protective 

member. Figs. lOA, lOB and lOC are longitudinal sectional 

10 views showing the working procedure. In Fig. 10, constituent 

parts same as those in Figs. 8 are referenced correspondingly, 

and their description will be omitted. In Fig. 10, reference 

numeral 14 represents an optical fiber ribbon; 15, an optical 

fiber; and 16, a fusion splicing part. 

15 As shown in Fig. lOA, two optical fiber ribbons are 

spliced to each other in such a manner that a coating layer 

of an end part of each optical fiber ribbon is removed to expose 

optical fibers thereof, and the thus exposed optical fibers 

are aligned, joined end to end and fusion spliced together. 

20 The exposed portion of the optical fibers 15 including the 

fusion splicing part 16 is passed through the adhesive tube 

11 of the protective member 10. A plurality of optical fibers 

15 are aligned in parallel in the direction vertical to the 

paper of the drawing. Accordingly, the optical fibers 15 are 

25 seen as a single optical fiber in Fig. 10. 

Subsequently, the fusion splicing part of the optical 

fibers, which is covered with the protective member 10, is 

disposed on a heater of a heating apparatus and heated thereby. 

By the heating, the adhesive tube 11 is fused, and also the 

30 thermal shrinking tube 13 is thermally shrunk. A compressive 
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force of the thermal shrinking tube 13 generated due to thermal 

shrunk puts the fusion splicing part of the optical fibers 

adaptively along the reinforcing member 12. The inside of the 

therm~! shrinking tube 13 is filled with the fused adhesive 

5 resin of the adhesive tube 11. 

Fig. 11 shows an embodiment of a heater of a heating 

apparatus which is used for heating the protective member. Fig. 

llA is a plan view showing the heater, and Fig. llB is a 

longitudinal sectional view taken on line X - X in Fig. llA. 

10 Fig. llC shows a graph of a temperature distribution of the 

heater. The heater designated by reference numeral 17 is a 

ceramic heater in which a heating conductive circuit 17a is 

buried in a narrow ceramic plate 17b. The heater 17 has a 

temperature distribution configured such that temperature at 

15 the center of the heater is high and gradually decreases toward 

both sides ends of the heater as shown in Fig .. llC. That is, 

when the heater is operated, the protective member 10 is heated 

gradually from the center to both side ends. 

Fig. lOB shows the protective member when its center is 

20 heated. Fig. lOC shows the protective member when the heating 

reaches both side ends of the protective member. As shown in 

Fig. lOB, with the heating of the heater, at first, a central 

portion of the adhesive tube 11 is fused, while the central 

portion of the thermal shrinking tube 13 shrinks. Subsequently, 

25 the phenomena of the fusing of the adhesive tube and the 

shrinking of the thermal shrinking tube gradually progress 

toward both side ends of the protective member. Finally, the 

adhesive tube is fused over the entire length of the protective 

member and the thermal shrinking tube is also shrunk over the 

30 entire length as shown Fig. lOC. 
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During this process, the phenomenon of fusing of the 

adhesive tube progresses from the center to both the side ends 

and therefore air around the central portion_ of the fusion 

splicing part of the optical fibers is extruded towards both 

5 the side ends of the protective member. If the air is 

completely extruded from the center to both the side ends, there 

is no fear that the air around the optical fiber fusion splicing 

part. remains in the form of .air bubbles in the adhesive resin. 

If the phenomenon of the heating of the protective member 

10 does not _progress from the center toward both the side ends 

gradually and the portions near both side ends is heated 

excessively quickly, the air is not completely extruded to both 

the side ends and sometimes remains in the form of air bubbles 

in the adhesive resin. In such a case that air bubbles remain 

15 in the vicinity of the optical fiber fusion splicing part, the 

following problem arises. When the optical fiber fusion 

splicing part protected by the protective member undergoes a 

variation of ambient temperature, the air in the bubbles 

expands and shrinks to generate a bending stress in the optical 

20 fiber. This leads ·to deterioration of the transmission 

characteristic of the optical fiber .. Accordingly, it is 

important that the protective member is gradually heated from 

the center to both side ends. 

The produce and protection of the optical fiber fusion 

25 splicing part described above are carried out by using mainly 

a fusion splicing apparatus and a heating apparatus for heating 

the protective member. In general, the heating apparatus, 

which is assembled to the housing ot the fusion splicing 

apparatus, is used. In order to spli~e the optical fibers, 

30 first of all, the heating apparatus, a stripping tool, a fiber 
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cutting tool, a protective member and the like are transported 

to a site where coated optical fibers are laid. In the site, 

the following work is done in the order of removing a coating 

layer of an end of each opt"ical fiber, cutting the optical fibers, 

5 fusion splicing the optical fibers, applying a protective 

member to the fusion spliced optical fibers, and heating the 

protective member. 

In the heating process of the protective member, a heating 

apparatus with the above-mentioned heater is used. A portion 

10 including the optical fiber fusion splicing part covered with 

the protective member is laid along the heater and then heated 

thereby. The adhesive tube stored in t~e protective member is 

fused while the thermal shrinking tube is shrunk. Accordingly, 

the ··protective member is fixed to the optical fiber fusion 

15 splicing part while covering it. 

In a usual heating process, work to apply a protective 

member to an optical fiber fusion splicing part, work to set 

the protective member in a heating apparatus by laying it along 

-a heater of the heating apparatus, and work to take the heated 

20 protective member out of the heating apparatus are all done 

by manual. During a period from the setting of the object to 

be heated in the heating apparatus to the taking the heated 

object out of the apparatus, a control circuit of the heating 

apparatus automatically performs the operations of feeding 

25 current to the heating conductive circuit of the heater, 

keeping heater temperature, stopping the heating operation 

after the heater temperature is kept for a predetermined period 

of time, and cooling it to about ambient temperature. 

The period from the setting of the object to be heated 

30 in the heating apparatus to the taking the heated object out 
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of the apparatus is needed from 100 to 150 seconds although 

it depends on a kind of the optical fiber ribbon since the size 

of the protective member depends on the number of optical fibers 

of the optical fiber ribbon. A worker for splicing fibers must 

5 wait during this period, and can not do any other work during 

the period. Accordingly, it is required that the time taken 

for the heating and cooling is as short as possible. 

Since the heating apparatus is usually assembled into 

the housing of the fusion splicing apparatus, an electric power 

10 of the heating apparatus is supplied from a power supply which 

supplies electric power to the fusion splicing apparatus. 

Therefore, voltage and c~rrent must be ~ept within limits. In 

the usual fusion splicing apparatus, the voltage that may be 

used· for the heating apparatus is limited within DC 12V and 

15 the electric power is within about 32W. Therefore, resistance 

of the heater of the heating apparatus is 4. 5 Q in lower limit, 

and a heater of which resistance is smaller than 4. 5 Q can not 

be used. Further, the electric power for energizing the heater 

cannot be further increased in order to reduce the time taken 

20 for the heating and cooling. 

SUMMARY OF THE INVENTION 

Accordingly, an object of the present invention is to 

provide an apparatus and a method for heating a protective 

25 member for protecting a fusion splicing part of optical fibers. 

The apparatus and method are capable of reducing the time taken 

for the heating process without increasing the heating power 

of the heating apparatus. 

The above-mentioned object can be achieved by a heating 

30 apparatus for heating a protective member for a fusion splicing 
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part of optical fibers. The apparatus comprises a heater 

including a plate-shaped member which is made of heat-resistive 

and insulated material and has an elongated shape extending 

in a longitudinal direction, a first heating conductor pattern 

5 . disposed in a central portion of the plate-shaped member in 

the longitudinal direction, and a second heating conductor 

pattern disposed in both end portions of the plate-shaped 

member in the longitudinal direction. In the heating apparatus, 

the first heating conductor pattern and the second heati~g 

10 conductor pattern are independently controlled their 

temperatures. 

In the above-mentioned heati~g apparatus, it is 

preferable that the second heating conductor pattern extends 

from one end portion of the plate-shaped member to the other 

15 end portion thereof in the longitudinal direction. It is also 

pref er able that the second heating conductor pattern comprises 

two heating conductor patterns which are separately disposed 

in each end portion of the plate-shaped member in the 

longitudinal direction while being close to an end of the first 

20 heating conductor pattern or overlapping with the first heating 

conductor pattern. The two heating conductor patterns may be 

preferably disposed symmetrical with respect to the center of 

the plate-shaped member. 

Further, it is preferable that the first and second heat 

25 conductor patterns have same resistance value. 

Moreover, it is preferable that the plate-shaped member 

comprises ~ first plate-shaped member in which the first 
· .... 

heating conductor pattern is disposed and a second plate-shaped 

member in which the second heating conductor pattern is 

30 disposed. In such a heater with two plate-shaped members, it 
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is preferable that the first and the second heating conductor 

patterns are printed on the first and the second plate-shaped 

members respectively, and the first and second plate-shaped 

members are arranged in parallel while a spacer is disposed 

5 therebetween. It is also preferable that the first and second 

heating conductor patterns are buried in the first and second 

plate-shaped members respectively, and the first and second 

plate-shaped members are combined to form the heater. 

C-µrrent is first fed to the first heating conductor 

10 pattern disposed in the central portion of the heater by use 

of the heating apparatus of the invention to thereby heat the 

central portion of a protective m~er. Since the first 

heating conductor pattern is small in area and hence its heat 

c~pacity is small, temperature in the central portion of the 

15 heater quickly rises, so that a temperature rise time is reduced 

for a fixed consumption of the electric power. Subsequently, 

the current being fed to the first heating conductor pattern 

is stopped, and current is fed to the second heating conductor 

patterns disposed at least in both end portions, to thereby 

20 heat both end portions of the protective member. In this case, 

both end portions are heated by the remaining heat of the first 

heating conductor pattern and the heat of second heating 

conductor pattern. Further, since the center of the protective 

member is not heated excessively while the both end portions 

25 of the protective member is heated by the second heating 

conductor, cooling of the heated object is quick. Accordingly, 

the whole _heating time may be reduced by about 20%. 

Further, in the above-mentioned heating apparatus, it 

is preferable that a first temperature sensor and a second 

30 temperature sensor are respectively provided near the first 
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heating conductor pattern and the second heating conductor 

pattern to detect temperatures thereof, and a control mechanism 

is provided to control, on the basis of temperatures detected 

by the first or second temperature sensor respectively, 

5 temperatures. of the first and second heating conductor patterns 

separately so that the temperatures of the first and second 

heating conductor patterns are kept at predetermined 

temperatures for a predetermined time. 

By the control, the phenomena of the fusing of the 

10 adhesive tube and the shrinking of the thermal shrinking tube 

gradually progress toward both side ends of the protective 

member, from the center thereof. Therefore, there i"s no fear 

that the air around the optical fiber fusion splicing part 

remains in the form of air bubbles in the adhesive resin. 

15 Further, it is preferable that an ambient temperature 

sensor is attached to .a location separated from the heater to 

such an extent that it is not influenced by the heater 

temperature, and a control mechanism is provided to control, 

on the basis of a temperature detected by the ambient 

20 temperature sensor, temperatures of the first and second 

heating conductor patterns so that temperatures of the first 

and second heating conductor patterns are kept at given values 

independent of ambient temperature. 

A current fed to the heating conductor pattern is 

25 controlled in accordance with an ambient temperature detected 

by the ambient temperature sensor so that heating temperatures 

of the first and second heating conductor patterns are 

invariable irrespective of a variation of the ambient 

temperature. Accordingly, the heating of the protective 

30 member is made uniform independent of the ambient temperature. 
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Moreover, it is preferable that the above-mentioned 

heating aJ;>paratus comprises a heating chamber, clamping member 

and a cover. With the heating chamber, the heater can be 

secured. With the cover attached to the heating chamber, it 

5 is possible to close the heating chamber to thereby confine 

the heat within the heating chamber. 

Further, the above-mentioned object can be achieved by 

a method of heating a protective member for protecting a fusion 

splicing part of optical fibers, the heating method comprising 

10 the steps of: 

putting a protective member covering with an optical 

fiber fusion splicing part along a heater, the heater including 

a plate-shaped member which is made of heat-resistive and 

insu·lated material and an elongated shape extending in a 

15 longitudinal direction, a first heating conductor pattern 

disposed in a central portion of the plate-shaped member in 

the longitudinal direction, and a second heating conductor 

pattern disposed in both end portions of the plate-shaped 

member in the longitudinal direction; 

20 heating the first heating conductor pattern to be a 

predetermined temperature; 

keeping the predetermined temperature of the first 

heating conductor pattern for a predetermined time; 

stopping the heating of the first heating conductor 

25 pattern; 

heating the second heating conductor pattern to be a 

preset temperature; 

keeping the preset temperature of the second heating 

conductor pattern for a preset time; 

30 stopping the heating of the second heating conductor 
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pattern to return a temperature of the optical fiber fusion 

splicing part covered with the protective member to ambient 

temperature. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. lA is a plan view showing a first embodiment of a 

heater used for a fusion splicing apparatus according to the 

present invention; 

Fig. lB is a longitudinal sectional view showing the first 

10 embodiment of the heater used for the fusion splicing apparatus 

according to the present invention; 

Fig. 2A is a plan view showing a second embodiment of 

heater used for a fusion splicing apparatus according to the 

present invention; 

15 Fig. 2B is a longitudinal sectional view showing the 

second embodiment of heater used for the fusion splicing 

apparatus according to the present invention; 

Fig. 2C is a longitudinal sectional view showing the third 

embodiment of heater used for the fusion splicing apparatus 

20 according to the present invention; 

Fi9. 2D is a longitudinal sectional view showing the 

fourth embodiment of heater used for the fusion splicing 

apparatus according to the present invention; 

Fig. 2E is a longitudinal sectional view showing the fifth 

25 embodiment of heater used for the fusion splicing apparatus 

according to the present invention; 

30 

Fig. 3 is a plan view showing an embodiment of a circuit 

pattern of a heating conductor pattern according to the 

invention; 

Fig. 4A is a graph showing a heating temperature 
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distribution for a first heating conductor pattern; 

Fig. 4B is a graph showing a heating temperature 

distribution for a second heating conductor pattern 

continuously disposed; 

5 Fig. 4C is a graph showing a heating temperature 

distribution for second heating conductor patterns separately 

disposed; 

. Fig. 5 is a graph showing temperature variation of the 

heating conductor patterns over a time range from the start 

10 of heating to the cooling;· 

Fig. 6 is a perspective view showing a heating apparatus 

with a heater assembled thereinto; 

Fig. 7 is a block diagram showing a heating apparatus 

with an ambient temperature sensor and a control unit according 

15 to the present invention; 

Fig. BA is a cross sectional view showing a protective 

member used for an optical fiber fusion splicing part; 

Fig. BB is a longitudinal sectional view showing the 

protective memb.er used for the optical fiber fusion splicing 

20 part; 

Fig. 9A is a cross sectional view showing another 

protective member used for an optical fiber fusion splicing 

part; 

Fig. 9B is a longitudinal sectional view showing the 

25 another protective member used for an optical fiber fusion 

splicing part; 

30 

Figs. lOA through lOC are longitudinal sectional views 

showing a working procedure to protect an optical fiber fusion 

splicing part with the protective member; 

Fig. llA is a plan view showing an embodiment of a heater 
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of the heating ~pparatus which is used for heating the 

protective member; 

Fig. llB is a longitudinal sectional view showing the 

heater of a he~ting apparatus taken on line X - X in Fig. llA; 

5 and 

10 

Fig. llC is a graph showing a temperature distribution 

of the heater. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Figs. 1 and 2 show four types of heaters which are used 

for a heating apparatus according to the present invention. 

Figs. lA and 2A are plan views showing _the heaters, and Figs. 

lB, 2B, 2C and 2D are longitudinal views showing the same. In 

Figs·. 1 and 2, reference numeral 1 designates a first heating 

15 conductor pattern; 2, 2a and 2b, second heating conductor 

patterns; 3, 3a and 3b a plate-shaped member; 4, a first 

temperature sensor; Sa and Sb, second temperature sensors; and 

6 and 6', heaters. Broken lines indicate arrangements of the 

first heating conductor pattern 1 or the second heating 

20 conductor patterns 2, 2a and 2b as shown in Figs. lA and 2A. 

The heater 6 shown in Figs. lA and lB is composed of the 

heating conductor patterns 1 and 2 and the elongated 

plate-shaped member 3. The heating conductor patterns 1 and 

2 are disposed in the plate-shaped member 3, and current may 

25 be fed to those individual conductor patterns by way of lead 

wires (not shown) led out of those conductor patterns. The 

plate-shaped member 3 is made of heat-resistive and good 

insulated material, such as ceramic, and is about 70 mm long, 

about 10 mm wide and about 1 mm thick. The first heating 

30 conductor pattern 1 is disposed in the central portion of the 
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plate-shaped member 3, and the second heating conductor pattern 

2 is disposed in the substantially entire area of the 

plate-shaped member 3 including both end portions as shown in 

Figs. lA and lB. The second heating conductor pattern 2 may 

5 be dis.posed in the entire area of the plate-shaped member 3 

while extending both ends of the plate-shaped member 3. The 

first temperature sensor 4, e.g., a thermistor, is secured to 

one location within the area of the plate-shaped member 3 within 

which the first heating conductor pattern 1 is disposed, so 

10 as to detect a temperature of the first heating conductor 

pattern 1. The second temperature sensors Sa and Sb, e.g., 

thermistors, are secured to two locations within the areas of 

the plate-shaped member 3 within which the second heating 

conductor pattern 2 is disposed, so as to detect a temperature 

15 of the second heating conductor pattern 2. 

The heater 6' shown in Fig. 2A and 2B is composed of the 

first heating conductor pattern 1, the second heating conductor 

patterns 2a and 2b and the plate-shaped member 3 • The first 

heating conductor pattern 1, and the second heating conductor 

20 patterns 2a and 2b are disposed in the plate-shaped member 3 

similar to those of the heater 6, and current may be fed to 

those individual conductor patterns by way of lead wires (not 

shown) let out of those conductor patterns. The first heating 

conductor pattern 1 is disposed in the central portion of the 

25 plate-shaped member 3. The second heating conductor patterns 

2a and 2b are respectively disposed in the areas of the 

plate-shaped member which are symmetrical with respect to the 

centralportionthereofwhileincludingbothendportions. The 

second heating conductor patterns 2a and 2b and the first 

30 heating conductor pattern 1 are disposed in an overlapping 
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fashion as shown Fig. 2B. If required, those first and second 

conductor patterns may be disposed while somewhat separated 

from each other as shown in Fig. 2C. Such separately disposed 

them are connected electrically and fed with current through 

5 a set of lead wires (not shown) in a series fashion. Further, 

the second heating conductor patterns 2a and 2b may extend to 

both ends of the plate-shaped member 3 individually . 

. The first temperature sensor 4 is secured to one location 

within the area of the plate-shaped member 3 within which the 

10 first heating conductor pattern 1 is disposed, so as to detect 

the temperature of the first heating conductor pattern 1. The 

second temperature sensors Sa and Sb are secured to two 

locations within the areas of the plate-shaped member 3 within 

which the second heating conductor patterns 2a and 2b are 

15 disposed, so as to detect temperatures of the second heating 

conductor patterns 2a and 2b. 

In Figs. 1 and 2, the second temperature sensors Sa and 

Sb are secured symmetrically with respect to the center. If 

required, one temperature sensor may be used instead of two 

20 temperature sensors. The second temperature sensors Sa and Sb 

are disposed apart from the first heating conductor pattern, 

to thereby lessen the influence of temperature of the first 

heating conductor pattern. In Fig. 1, the positions of the 

second temperature sensors Sa and Sb are not center of the second 

25 heating conductor pattern 2. However, it is possible to 

predict a maximum temperature of the second heating conductor 

pattern 2 on the basis of a temperature at the corresponding 

sensor position. 

In the instance of Fig. 1, the first heating conductor 

30 pattern 1 is disposed in the lower part of the plate-shaped 
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member, while the second heating conductor pattern 2 is 

disposed in the upper part. Even if the first heating conductor 

pattern 1 is disposed in the upper part and the second heating 

conductor pattern 2 is disposed in the lower part, the function 

5 of the heater containing them is little changed since thickness 

of the plate-shaped member 3 is about 1 mm. Similarly, in Fig. 

2, if required, the first heating conductor pattern 1 may be 

disppsed in the lower part, and the second heating conductor 

patterns 2a and 2b may be disposed in the lower part. 

10 Further, in Fig. 1 and Fig. 2, it is preferable that a 

resistance value of the first heating conductor pattern 1 is 

selected to be equal to that of the se~ond heating conductor 

pattern 2 or the second heating conductor patterns 2, 2a and 

2b, ·and that those patterns are selectively fed with electric 

15 power from the power supply to the fusion splicing apparatus 

to heat. 

Fig. 3 is a diagram showing a circuit pattern of the first 

heating conductor pattern 1. The first heating conductor 

pattern 1 consists of a circuit pattern configured like a 

20 combination of letters u as shown in Fig. 3. The circuit is 

secured in the plate-shaped member 3 made of ceramic, for 

example. Lead wires 7a and 7b are led out of the circuit, for 

feeding current. The circuit pattern is not limited to that 

of the Fig. 3, but may take any pattern ~f it is able to provide 

25 a predetermined resistance required for the conductor circuit. 

Such a circuit pattern may be formed in a manner that one of 

the surfaces of a thin ceramic plate is coated with conductive 

coating, a circuit pattern is printed thereon to form a 

conductor circuit, lead wires are connected thereto, and 

30 finally another ceramic plate is laminated thereon while 

17 



covering the conductor circuit. 

In the heaters shown in Figs. lA through 2C, the first 

and second heating conductor patterns are buried in one 

plate-shaped member. If required, the first heating conductor 

5 pattern may be buried into a plate-shaped member, and the second 

heating conductor pattern or patterns may be buried in another 

plate-shaped member. In this case, the first heating conductor 

pattern is printed on a top surface of one plate-shaped member, 

and the s_econd heating conductor pattern or patterns are 

10 printed on a top surface of another plate-shaped member. Those 

plate-shaped members 3a, 3b printed the conductor patterns 1, 

2a, 2b are arranged in parallel in a s~ate that the printing 

surface of those members are confronted with each other while 

a spacer 7 is disposed therebetween as shown in Fig. 2D, so 

15 that they are used ~s heater in the heating apparatus according 

to the present invention al though two heating conductor 

patterns are not buried into plate-shaped member or members. 

As a matter of course, two plate-shaped members 3a, 3b 

c0ntaining the first and second heating conductor patterns 1, 

20 2 may be combined to form a heater 6 1 as shown in fig. 2E. 

Figs. 4A-4C shows graphs of heating temperature 

distributions of the heaters shown in Figs. lA and lB and 2A 

and 2B. The heater shown in Figs. lA and lB includes a 

temperature distribution as shown in Fig. 4A for the first 

25 heating conductor pattern 1, and another temperature 

distribution as shown in Fig. 4B for the second heating 

conductor pattern 2. The heater shown in Fig. 2A, 2B includes 

the temperature distribution shown in Fig. 4A for the first 

heating conductor pattern 1, and temperature distributions as 

30 shown in Fig. 4C for the separate second heating conductor 

18 



patterns 2a and.2b. The temperature distribution curves of 

Figs. 4A and 4B are each configured to have an inverse V shape 

whose center corresponds to the center of the each heating 

conductor pattern. 

5 The temperature distribution curves of Fig. 4C for the 

separate second heating conductor patterns are each configured 

to have an inverse v shape as indicated by a solid line. If 

required, the temperature distribution curves may be 

configured such that the top of the each inverse V shape is 

10 shifted toward the center as indicated by broken line. In the 

case of the circuit pattern such as shown in Fig. 3, such 

temperature distributions may be forme? by varying the pitch 

of a series of letter u in the longitudinal direction. 

·· Fig. 5 is a graph showing a model of temperature 

15 variations of the heating conductor patterns over a time range 

from the start of heating to the cooling. Temperatures in the 

graph of Fig. 5 represent temperatures detected at the 

positions of the first and second temperature sensors. That 

is, a solid_line A in the graph represents a temperature of 

20 the first heating conductor pattern detected by the first 

temperature sensor and a solid line B represents a temperature 

of the second heating conductor pattern detected by the second 

temperature sensor. To start, an object to be heated is placed 

on the heater, and current is fed to the first heating conductor 

25 pattern. As time elapses, a temperature of the first heating 

conductor pattern rises, and the temperature detected by the 

first t·emperature sensor disposed at the central portion 

reaches a predetermined temperature Tl. Then, the 

predetermined temperature Tl is kept for a predetermined time 

30 tl by controlling the current fed thereto. Through the 
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maintaining of the predetermined temperature of the first 

heating conductor pattern, the heating of the heater and the 

heated object disposed thereon gradually progresses from the 

center to both ends. 

Thereafter, the feeding of current to the first heating 

conductor pattern is stopped, while at the same time feeding 

of current to the second heating conductor pattern is started. 

When the second temperature sensor of the second heating 

conductor pattern detects a preset temperature T2, the preset 

10 temperature T2 is kept for a preset time t2 by controlling the 

cur~ent fed thereto. As a result, a temperat:ure of the first 

heating conductor pattern decreases, while a temperature of 

the second heating conductor pattern rises. At the overlapping 

part-s of the first and second heating conductor patterns, the 

15 object to be heated is heated by the remaining heat of the first 

heating conductor pattern and the heat from the second heating 

conductor pattern. At the portion not overlapping, the object 

to be heated is heated by the heat from the second heating 

conductor pattern, and the heating further progresses toward 

20 both ends thereof. 

The object may be gradually heated from the center towards 

both the ends by properly selecting the temperatures Tl, T2 

and times tl, t2 according to the size of the object. When a 

40 nun long protective member is heated by use of the Fig. 2 

25 heater, Tl = 190°C; T2 = l60°C, tl = 30 seconds, t2 = 10 seconds. 

After the feeding of current to the second heating conductor 

pattern is stopped, an optical fiber fusion splicing part 

protected with the protective member, that is put on the heater, 

is taken out fro~ the heater when the temperature decreases 

30 to a temperature. which is suitable for handling it. Thus, at 

20 



the beginning of the heating temperature quickly rises by 

concentrically heating the central portion of the heated object 

and then the temperature of the heated object quickly decreases 

by stoppi~g heating the central portion thereof at the time 

5 when the both end portions thereof are heated. Accordingly, 

the whole heati.ng time is remarkably reduced; the conventional 

heating time of 100 to 150 seconds is reduced to 70 to 120 seconds, 

that. is, the whole heating time is reduced by about 20%. 

Fig. 6 is a perspective view showing a heating apparatus 

10 with a· heater assembled thereinto. Reference numeral 6 is a 

heater; S, a heating chamber; Sa, a cover; 9, a clamping member; 

9a, a holding plate; and 9b, . a fibe~ receiving groove. A 

protective member, an object to be heated, covering an optical 

fiber fusion splicing part is placed on the heater 6 secured 

15 in the heating chamber S. Coated optical fibers connecting ·to 

both .e.nds of the optical fiber fusion splicing part are put 

in fiber receiving grooves 9b of clamping members 9 which are 

disposed next to the ends of the heating chamber, and holding 

plates 9a are closed to hold them. In this way, the object to 

20 be heated is reliably held on along the heater. A cover Sa is 

preferably used to close the heating chamber S to confine the 

heat within the heating chamber. 

Current is fed to the heating conductor patterns 

contained in the heater 6, from a power supply (not shown) and 

25 a temperature control mechanism (not shown) , and therefore the 

protective member placed on the heater 6 is heated by the heat 

of the heater 6. The protective member as the object to be 

heated is put on the heat~r in a state that it is in contact 

with the heater, in order to improve the heating efficiency. 

30 Therefore,· the surface of the heater which is in contact with 
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the protective member is preferably coated with fluorine 

plastic so as to prevent the protective member from sticking 

to the heater surface. 

In the above-mentioned heating appar.atus, if ambient 

5 temperature varies, the heater temperature will also vary 

sometimes even if a current fed to the heating conductor pattern 

is controlled to be kept the same value. To prevent influence 

of ambient temperature, an ambient temperature sensor 20, e.g., 

a thermistor, may be attached to a location being apart from 

10 the heater as shown in Fig. 7 to such an extent that it is not 

influenced by the heater temperature. A current fed to the 

heating conductor pattern is controlle'!, by a control unit 21, 

in accordance with an ambient temperature detected thereby so 

that- heating temperatures of the heating conductor patterns 

15 are invariable irrespective of a variation of the ambient 

temperature. In this way, the heating of the protective member 

is made uniform independent of the ambient temperature. 

Further, if a relationship between ambient temperature and 

current fed to the heating conductor pattern is measured and 

20 recorded in advance, the current fed thereto may be controlled 

so as to attain a desired heating temperature by use of the 

recorded relation if an ambient temperature is known. 

The present invention is based on Japanese Patent 

Application No. Hei. 11-182779, which is incorporated herein 

25 by reference. 

Although the invention has been described in its 

preferred form and structure with a certain ·degree of 

particularity, it is understood that the present disclosure 

of the pref erred form can be changed in the details of 
. . 

30 construction and in the combination and arrangement of parts 
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without departing from the spirit and the scope of the 

invention as hereinafter claimed. 
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5 

WHAT rs CLAIMED IS: 

1. A heating apparatus for heating a protective member 

which protects a fusion splicing part of optical fibers, said 

heating apparatus comprising: 

a heater including a plate-shaped member which is made 

of heat-resistive and insulated material and has an elongated 

shape extending in a longitudinal direction, a first heating 

conductor pattern disposed in a central portion of said 

plate-shaped member in the longitudinal direction, and a second 

10 heating conductor·pattern disposed in both end portions of said 

15 

20 

plate-shaped member in the longitudinal direction, 

wherein said first heating conductor pattern and said 

second heating conductor pattern are independently controlled 

their temperatures. 

2. The heating apparatus in accordance with claim 1, wherein 

said second heating conductor pattern extends from one end 

portion of said plate-shaped member to the other end portion 

thereof in the longitudinal direction. 

3. The heating apparatus in accordance with claim 1, wherein 

said second heating conductor pattern comprises two heating 

conductor patterns which are separately disposed in one end 

portion of said plate-shaped member and the other end portion 

25 thereof in the longitudinal direction while being close to both 
~~~~~~~~~~ 

ends of said first heating conductor pattern. I lllllll llllll llllllllll ll.1111 
* C L M · S * 

4. The heating apparatus in accordance with claim 1, wherein 

said second heating conductor pattern comprises two heating 

30 conductor patterns which are separately disposed in one end 
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portion of said plate-shaped member and the other end portion 

thereof in the longitudinal direction while overlapping with 

said first heating conductor pattern. 

5 5. The heating apparatus in accordance with claim 3, wherein 

said two heating conductor patterns are disposed symmetrical 

with respect to the center of the plate-shaped member. 

6. The heating apparatus in accordance with claim 4, wherein 

10 said two heating conductor patterns are d.isposed symmetrical 

with respect to the center of the plate-shaped member. 

7. The heating apparatus in accordance with claim 1, further 

comprising a first temperature sensor for detecting a 

15 temperature of said first heating conductor pattern, a second 

temperature sensor for detecting a temperature of said second 

heating conductor pattern, and a control mechanism which 

controls temperatures of said first and second heating 

conductor patterns separately on the basis of temperatures 

20 detected by said first or second temperature sensors 

respectively. 
11111111111111 1111111111111111 

* " C L M S * 

8. The heating apparatus in accordance with claim 7, further 

comprising an ambient temperature sensor disposed at such a 

25 position that said ambient temperature sensor is not affe~ted 

by a temperature of said heater, wherein said control mechanism 

controls the temperatures of said first and second heating 

conductor patterns separately, on the basis of a temperature 

detected by said ambient temperature sensor in addition to the 

30 temperatures detected by said first or second temperature 

25 



sensors respectively. 

9. The heating apparatus in accordance with claim 1, further 

comprising a heating chamber for securing said heater and 

5 champing members disposed next to both ends of said heating 

chamber separately. 

I 

10. . The heating apparatus in accordance with claim 9, 

further comprising a cover for closing said heating chamber 

10 to confine the heat within the heating chamber. 

11 The heating apparatus in accordance with claim 1, wherein 

said plate-shaped member comprises a first plate-shaped member 

in which said first heating conductor pattern is disposed and 

15 a second plate-shaped member in which said second heating 

conductor pattern is disposed. 

12. The heating apparatus in accordance with claim 11, 

further comprising a spacer, wherein said first and said second 

20 plate-shaped members, on which said first and said second 

heating conductor patterns are printed respectively, are 

arranged in parallel while said spacer is disposed 

therebetween. 

25 13. The heating apparatus in accordance with claim 11,. 

wherein said first and second plate-shaped members, in which 

said first and said second heating conductor patterna ==r-=e-=b:::...u=r=i-=e-=d:.___ ____ _ 

respectively, are combined to form said heater. 
' 1111111111111 11111 1111111 1111 * :: C .· L M . S * 

30 14. The heating apparatus in accordance with claim 1, wherein 
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l1iiU~ied 
said first and second heat conductor patterns have the same 

resistance value. 

15. A method of heating a protective member for protecting 

5 a fusion splicing part of optical fibers, said heating method 

comprising the steps of: 

putting a protective member covering with an optical 

fiber fusion splicing part along a heater, said heater 

including a plate-shaped member which is made of heat-resistive 

10 and insulated material and an elongated shape extending in a 

longitudinal direction, a first heating. conductor pattern 

disposed in a central portion of said ~late-shaped member in 

the longitudinal direction, and a second heating conductor 

pattern disposed in both end ·portions of said plate-shaped 

15 member in the longitudinal direction; 

20 

heating said first heating conductor pattern to attain 

a predetermined temperature; 

keeping said predetermined temperature of said first 

heating conductor pattern for a predetermined time; 

stopping the heating of said first heating conductor 

pattern; 

heating said second heating conductor pattern to be a 

preset temperature; 

keeping said preset temperature of said second heating 

25 conductor pattern for a preset time; 

stopping the heating of said second heating conductor 

pattern to return a temperature of the optical fiber fusion 

splicing part covered with said protective member to ambient 

temperature. 

, 1111111 """ 11111 11111111111 * C · L M S .· * . 
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