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(57) ABSTRACT 

The overcurrent protection structure according to the present 
invention mainly comprises a fusible fuse structure unit dis 
posed in a coating, and the both ends of the fusible fuse 
structure unit extend outwardly beyond the coating and form 
a first electrode and a second electrode. In the manufacturing 
process, the gas-assisted injection molding process enables at 
least one space for accommodating gas disposed between the 
fusible fuse structure unit and the coating such that the heat 
generated by the electrically energized the fusible fuse struc 
ture unit will not dissipate through the heat conduction of the 
coating in order to ensure that it will blow at high temperature 
when reaching a specific current or a specific temperature and 
the circuit protection effect. 
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OVERCURRENT PROTECTION STRUCTURE 
AND METHOD AND APPARATUS FOR 

MAKING THE SAME 

BACKGROUND OF THE INVENTION 

0001 (a) Field of the Invention 
0002 The present invention relates to an overcurrent pro 
tection structure and a method and an apparatus for making 
the same, and more particularly to an overcurrent protection 
structure, which can ensure that the overcurrent protection 
structure would blow at high temperature when reaching a 
specific current or a specific temperature and the protection 
effect against excess current, and a method and an apparatus 
for making the same. 
0003) (b) Description of the Prior Art 
0004. A fuse is designed to protect electric circuits or 
electrical equipments in an electric circuit from the damage 
on Sophisticated electronic instruments caused by an instan 
taneous excess current or an excess Voltage. Therefore, the 
fuse is a necessary electronic component. A conventional fuse 
unit has a coil or a fuse material, and the fuse material is 
sealed in a tube made of hard glass, ceramic or other insulat 
ing materials. The insulating tube is filled therein with an inert 
gas or an arc resistant packing material. The both ends of the 
tube are electric conductors respectively, and the current can 
flow through the fuse by the connection of the electric con 
ductors to the soldering joints on a circuit board. When an 
instantaneous current exceeds the predetermined current rat 
ing, the fuse material will blow at high temperature due to the 
heat induced by the instantaneous excess current so as to 
break the circuit. Thus, the excess current would stop flowing 
into the circuit to protect the electric circuits and electrical 
equipments from damage. When a fuse unit of such structures 
is used at a larger current (240A) or at a high voltage (2250 
V), the instantaneously generated energy would result in the 
high heat of the fuse blowout such that the surrounding media 
will expand rapidly and burst the tube. In the meantime, the 
arcs will occur so that it is easy to burn out the peripheral 
electronic components and damage expensive system equip 
mentS. 

0005. Therefore, the conventional structures of fuse unit 
and their manufacturing method mostly emphasize the Sup 
pression of arcs, such as U.S. Pat. No. 6,507,264, U.S. Pat. 
No. 5,572,181, U.S. Pat. No. 5,923,239, U.S. Pat. No. 6,507, 
265, U.S. Pat. No. 5,812,046, U.S. Pat. No. 5,596,306, and the 
like but their processes are relatively complicated. Accord 
ingly, TW Patent 200727319 proposed an overcurrent protec 
tion element, as illustrated in FIG.1. The overcurrent protec 
tion element 1 comprises a fuse body 11 and a fuse coating 12. 
wherein the both ends of the fuse body 11 respectively extend 
outwardly beyond the fuse coating 12 and form a first elec 
trode 13 and a second electrode 14, and the fuse coating 12 is 
composed of a polymeric material. When the overcurrent 
protection element is in a condition of excess current, the fuse 
coating 12 can absorb the heat generated by the blowout of the 
fuse body 11 and Suppress the occurrence of arcs. 
0006. However, in reality, when the fuse body 11 is elec 

trically energized and generates heat, a part of the heat will 
dissipate through the heat conduction of the fuse coating 12 
due to the contact of the fuse body 11 with the fuse coating 12 
so that when a set excess current flows through the fuse body 
11, the fuse body 11 cannot reach a specific current or a 
specific temperature and blow at high temperature. As a 
result, it is unable to achieve the circuit protection effect 
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against excess current Such that the electronic circuits of 
electrical devices would be damaged or burned out. 

SUMMARY OF THE INVENTION 

0007. The primary objective of the present invention is to 
provide an overcurrent protection structure, which can ensure 
that the overcurrent protection structure would blow at high 
temperature when reaching a specific current or a specific 
temperature and the protection effect against excess current, 
and a method and an apparatus for making the same. 
0008 To achieve the above objective, the overcurrent pro 
tection structure according to the present invention mainly 
comprises a fusible fuse structure unit disposed in a coating, 
and the both ends of the fusible fuse structure unit extend 
outwardly beyond the coating and form a first electrode and a 
second electrode. In the manufacturing process, a gas-as 
sisted injection molding process enables at least one space for 
accommodating gas disposed between the fusible fuse struc 
ture unit and the coating Such that the heat generated by the 
electrically energized the fusible fuse structure unit will not 
dissipate through the heat conduction of the coating in order 
to ensure that it will blow at high temperature when reaching 
a specific current or a specific temperature and the circuit 
protection effect against excess current. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0009 FIG. 1 is a schematic view showing a structure of an 
overcurrent protection element of the prior art. 
0010 FIG. 2 is a schematic view showing a structure of an 
overcurrent protection structure according to the present 
invention. 
0011 FIG. 3 is a schematic view showing another struc 
ture of an overcurrent protection structure according to the 
present invention. 
0012 FIG. 4 is a schematic view showing another struc 
ture of a fusible fuse structure unit according to the present 
invention. 
0013 FIG. 5 is a schematic view showing a structure of 
stamping a lead frame in a stamping unit according to the 
present invention. 
0014 FIG. 6 is a schematic view showing a structure of a 
lead frame after stamping according to the present invention. 
0015 FIG. 7 is a schematic view showing a structure of 
fusible fuse structure units soldered between each supporting 
unit according to the present invention. 
0016 FIG. 8 is a schematic view showing a structure of 
coatings injection molded onto a lead frame according to the 
present invention. 
0017 FIG. 9 is a schematic view showing a structure of a 
gas-assisted injection molding unit according to the present 
invention. 
0018 FIG. 10 is a schematic view showing a structure of 
cutting a lead frame in a cutting unit according to the present 
invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0019. The present invention is related to an overcurrent 
protection structure and a method and an apparatus for mak 
ing the same. As illustrated in FIG. 2, the overcurrent protec 
tion structure 2 mainly includes a fusible fuse structure unit 
22 disposed in a coating 21. The fusible fuse structure unit 22 
is a copper wire or a copper alloy wire with the length of 10 
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mm and the diameter of 0.13 mm. It is in turn plated with a 10 
um thick silver layer and a 6 um thick tin layer. The both ends 
of the fusible fuse structure unit 22 extend outwardly beyond 
the coating 21 and form a first electrode 23 and a second 
electrode 24, wherein at least one space 25 is disposed 
between the fusible fuse structure unit 22 and the coating 21 
and the space 25 is further filled with gas 251, such an inert 
gas as nitrogen gas, helium gas, and the like. 
0020. The coating 21 can be an arc resistant material, 
which can be a thermoplastic material or a thermosetting 
material. Wherein the thermoplastic material includes (a) 
crystalline polymeric material: polyethylene, polypropylene, 
polytetrafluoroethylene, nylon 12, nylon 6, nylon 66, nylon 
6T, nylon 9T polybutylene terephthalate, polyethylene 
terephthalate, polyoxymethylene, PEEK, liquid crystal poly 
mers, ethylene copolymers, polyetherSulfone, polyphenylene 
Sulfone; (b) amorphous polymeric material: acrylonitrile 
butadiene-styrene terpolymer, polystyrene, polycarbonate, 
polysulfonate, polydiethyl ether Sulfonate, polystyrene 
oxide, phenoxy resin, polyamide, polyetheramide, polyether 
amide/silicon block copolymer, polycarboxylate, propylene 
resin, polymethacrylate, styrene? propylene-trichloroethyl 
ene, poly(4-methylpent-1-ene), styrene block copolymer. 
And the thermosetting material can be epoxy resin, phenolic 
resin, unsaturated polyester resin, urea resin, melamine resin, 
polyimide resin and silicone resin, and the like. Furthermore, 
the above thermoplastic material or thermosetting material 
filled with a hydrated inorganic material can also be used as 
the arc resistant material, and the hydrated inorganic material 
is, for example, aluminum hydroxide trihydrate or magne 
sium hydroxide dihydrate. It is understood that the coating 21 
can also be formed with an inner layer 211 and an outer layer 
212, as illustrated in FIG. 3. The inner layer 211 can be made 
of an arc resistant material and the outer layer 212 can be 
made of an ordinary coating materialso as to decrease the use 
of the arc resistant material, thereby further reducing the cost. 
0021. In the overcurrent protection structure 2 according 
to the present invention, the coating 21, which encapsulates 
the fusible fuse structure unit 22, is formed by means of an arc 
resistant material and a gas-assisted injection molding pro 
cess, and the space 25 between the fusible fuse structure unit 
22 and the coating 21 is simultaneously formed. Accordingly, 
when the overcurrent protection structure is in a condition of 
excess current, the coating 21 can absorb the heat generated 
by the blowout of the fusible fuse structure unit 22 and Sup 
press the occurrence of arcs. The fusible fuse structure unit 22 
can make no contact with the coating 21 directly by the space 
25 such that the heat from the fusible fuse structure unit 22 
will not dissipate through the heat conduction of the coating 
21 in order to ensure that the fusible fuse structure unit 22 will 
blow at high temperature due to a specific current or a specific 
temperature, thereby achieving the circuit protection effect 
against excess current. Besides, the outside of the fusible fuse 
structure unit 22 can be further coated with a thermal insu 
lating material 26 with arc resistance, as illustrated in FIG. 4. 
0022. The manufacturing apparatus for an overcurrent 
protection structure according to the present invention at least 
comprises a stamping unit, a soldering unit, a gas-assisted 
injection molding unit, a cutting unit and a transporting unit 
located between each unit as described above, whereby the 
steps are performed as follows: 
0023 Step A: providing a lead frame; 
0024 Step B: performing a stamping process by using the 
stamping unit 31 to form a plurality of supporting units 41 and 
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a connection unit 42 for connecting each Supporting unit 41 
on the lead frame 4, as illustrated in FIGS. 5 and 6: 
0025 Step C: disposing the fusible fuse structure units 22 
between the supporting units 41, as illustrated in FIG. 7, and 
securely soldering the fusible fuse structure units 22 to the 
Supporting units 41 via a soldering unit; 
0026 Step D: performing a gas-assisted injection molding 
process by using the gas-assisted injection molding unit to 
mold the coatings 21 which encapsulate the fusible fuse struc 
ture units 22 and a part of the Supporting units 41 by using 
injection, as illustrated in FIG. 8, and at least one space 25 for 
accommodating gas 251 being disposed between the fusible 
fuse structure units 22 and the coatings 21, also referring to 
FIG. 9, positioning the stamped lead frame 4 in a mold 33. 
then performing a gas-assisted injection molding process, the 
gas-assisted injection molding unit 32 at least comprising an 
injection molding machine 321, a gas-assisted injection appa 
ratus 322, a gas generator 323 and an air compressor 324. 
wherein the injection molding machine 321 can contain the 
arc resistant material Such that the arc resistant material and 
the gas are simultaneously injected into the mold 33, as a 
matter of course, the arc resistant material can be the thermo 
plastic material orthermosetting material and the thermoplas 
tic material or thermosetting material filled with a hydrated 
inorganic material as mentioned above; and 
0027 Step E: performing a cutting process, as illustrated 
in FIG. 10, to cut the connection unit 42 by a cutting unit 34, 
as illustrated in FIG. 2, to form the overcurrent protection 
structures. The portions of the supporting unit emerging from 
the coating 21 are formed as the first electrode 23 and the 
second electrode 24. 

0028 Moreover, in step D, the gas-assisted injection 
molding process is combined with a coinjection system, that 
is, the gas-assisted injection molding unit at least comprises a 
coinjection molding machine, a gas-assisted injection appa 
ratus, a gas generator and an air compressor. The coinjection 
molding machine contains the arc resistant material and ordi 
nary material such that the molded coating 21 is formed with 
the inner layer 211 and the outer layer 212, as illustrated in 
FIG. 3. And the inner layer 211 can be made of the arc 
resistant material and the outer layer 212 can be made of the 
ordinary coating material. 
0029. It should be noted that the present invention when 
compared to the prior art provides the following advantages: 
0030) 1. The coating according to the present invention is 
made of an arc resistant material, and said coating can absorb 
the heat generated by the blowout of the fusible fuse structure 
unit and Suppress the occurrence of an arc. 
0031 2. The arc resistant material according to the present 
invention can be a thermoplastic material or a thermosetting 
material filled with magnesium hydroxide dihydrate. The 
coating will release water of crystallization until its tempera 
ture reaches 340°C. so that it is more suitable for the current 
lead-free solder system with the melting point of the lead-free 
solder being about 210-230° C., and the thermal endurance 
and the arc resistance of that containing magnesium hydrox 
ide dihydrate are better. 
0032. 3. At least one space for accommodating gas is 
disposed between the fusible fuse structure unit and the coat 
ing to make the fusible fuse structure unit in no contact with 
the coating directly such that the heat generated by the elec 
trically energized the fusible fuse structure unit will not dis 
sipate through the heat conduction of the coating in order to 
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ensure that it will blow at high temperature when reaching a 
specific current or a specific temperature, thereby ensuring 
the circuit protection effect. 
0033. The technical contents and features of the present 
invention are disclosed above. However, anyone who famil 
iars with the technique could possibly make change or modify 
the details in accordance with the present invention without 
departing from the technological ideas and spirit of the inven 
tion. Therefore, the protection scope of the present invention 
shall not be limited to what embodiment discloses, and should 
include various modification and changes that are made with 
out departing from the technological ideas and spirit of the 
present invention, and should be covered by the claims men 
tioned below. 

I claim: 
1. An overcurrent protection structure at least comprising: 
a coating, which is made of an arc resistant material; 
a fusible fuse structure unit, which is disposed in the coat 

ing; and 
a first electrode and a second electrode, which are disposed 

at the both ends of the fusible fuse structure unit and 
extend outwardly beyond the coating, and at least one 
space is disposed between the fusible fuse structure unit 
and the coating. 

2. The overcurrent protection structure as claimed in claim 
1, wherein the coating is formed with two layers of an inner 
layer and an outer layer, and the inner layer is made of an arc 
resistant material. 

3. The overcurrent protection structure as claimed in claim 
1, wherein the arc resistant material is a thermoplastic mate 
rial or a thermosetting material. 

4. The overcurrent protection structure as claimed in claim 
1, wherein the arc resistant material is a thermoplastic mate 
rial or a thermosetting material filled with a hydrated inor 
ganic material, and the hydrated inorganic material is alumi 
num hydroxide trihydrate or magnesium hydroxide 
dihydrate. 

5. The overcurrent protection structure as claimed in claim 
1, wherein the outside of the fusible fuse structure unit is 
further coated with a thermal insulating material with arc 
resistance. 

6. The overcurrent protection structure as claimed in claim 
1, wherein the first electrode and the second electrode are 
formed by lead frame stamping. 

7. The overcurrent protection structure as claimed in claim 
1, wherein the space is further filled with an inert gas. 

8. The overcurrent protection structure as claimed in claim 
7, wherein the coating and the gas in the space are molded by 
gas-assisted injection. 

9. A method for manufacturing an overcurrent protection 
structure comprising the following steps: 

A: providing a lead frame; 
B: performing a stamping process to form a plurality of 

Supporting units and a connection unit for connecting 
each Supporting unit on the lead frame; 

C: disposing fusible fuse structure units between the Sup 
porting units; 

D: performing a gas-assisted injection molding process to 
form coatings which encapsulate the fusible fuse struc 
ture units and a part of the Supporting units, and at least 
one space for accommodating an inert gas being dis 
posed between the fusible fuse structure unit and the 
coating; and 
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E: performing a cutting process to cut the connection unit 
to form the overcurrent protection structures. 

10. The method for manufacturing an overcurrent protec 
tion structure as claimed in claim9, wherein the outside of the 
fusible fuse structure unit is further coated with a thermal 
insulating material with arc resistance. 

11. The method for manufacturing an overcurrent protec 
tion structure as claimed in claim 9, wherein in step D, the 
stamped lead frame is positioned in a mold, and a gas-assisted 
injection molding process is then performed. 

12. The method for manufacturing an overcurrent protec 
tion structure as claimed in claim 11, wherein in the gas 
assisted injection molding process, the arc resistant material 
and the gas are simultaneously injected into the mold. 

13. The method for manufacturing an overcurrent protec 
tion structure as claimed in claim 11, wherein the gas-assisted 
injection molding process is combined with a coinjection 
system Such that the molded coating is formed with two layers 
ofan inner layer and an outer layer, and the inner layer is made 
of an arc resistant material. 

14. The method for manufacturing an overcurrent protec 
tion structure as claimed in claim 12, wherein the arc resistant 
material is a thermoplastic material or a thermosetting mate 
rial. 

15. The method for manufacturing an overcurrent protec 
tion structure as claimed in claim 12, wherein the arc resistant 
material is a thermoplastic material or a thermosetting mate 
rial filled with a hydrated inorganic material, and the hydrated 
inorganic material is aluminum hydroxide trihydrate or mag 
nesium hydroxide dihydrate. 

16. The method for manufacturing an overcurrent protec 
tion structure as claimed in claim 9, wherein in step C, the 
fusible fuse structure unit is connected with the Supporting 
units by Soldering. 

17. A manufacturing apparatus for an overcurrent protec 
tion structure at least comprising: 

a stamping unit, which forms a plurality of supporting units 
and a connection unit for connecting each Supporting 
unit on the lead frame; 

a soldering unit for disposing fusible fuse structure units 
between the Supporting units; 

a gas-assisted injection molding unit for injection molding 
coatings which encapsulate the fusible fuse structure 
units and a part of the Supporting units, and at least one 
space for accommodating gas being disposed between 
the fusible fuse structure unit and the coating; and 

a cutting unit for cutting the connection unit to form the 
overcurrent protection structures. 

18. The manufacturing apparatus for an overcurrent pro 
tection structure as claimed in claim 17, wherein the manu 
facturing apparatus is further equipped with a transporting 
unit, which is located between each unit for transportation. 

19. The manufacturing apparatus for an overcurrent pro 
tection structure as claimed in claim 17, wherein the gas 
assisted injection molding unitat least comprises an injection 
molding machine, a gas-assisted injection apparatus, a gas 
generator and an air compressor. 

20. The manufacturing apparatus for an overcurrent pro 
tection structure as claimed in claim 17, wherein the gas 
assisted injection molding unit at least comprises a coinjec 
tion molding machine, a gas-assisted injection apparatus, a 
gas generator and an air compressor. 
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