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(57) Abstract: Radial fuses (100) for protecting an electrical circuit include a nonconductive base (102) provided with at least one
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ceiving area for installation ot a fuse element (124). Restricted freedom of movement of the fuse element is accomplished, and
greater fuse reliability is ensured.
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RADIAL FUSE BASE AND ASSEMBLY

BACKGROUND OF THE INVENTION

[0001] The field of the invention relates generally to electrical fuses,

and more specifically, to the construction and assembly of so-called radial fuses.

[0002] Electrical fuses are widely used overcurrent protection
devices for electrical circuits. Typically, electrical fuses include a fusible link or fuse
element assembly extending between conductive elements that may be connected to
circuitry. When installed in an energized electrical circuit, current flows through the
fusible link or fuse element assembly. The fusible link or fuse element assembly is
designed to physically melt, disintegrate, or otherwise structurally fail when the
current flowing through the fuse reaches a predetermined level, thereby opening the
electrical circuit through the fuse and protecting associated electrical equipment and
components from damage. Once the fusible link has opened the circuit, the fuse may

be removed and replaced with another fuse to once again complete the circuit.

[0003] So-called radial fuses are known that include a nonconductive
base and a pair of axial leads extending from the base for connection to a circuit
board. Such radial fuses are used to protect power supplies, power adapters, and
battery chargers for a variety of electronic devices. A fusible link extends across the
base and is connected to respective ends of the axial leads via soldering techniques.
Radial fuses are sometimes preferred for circuit board application because of their

smaller size or footprint when installed to a circuit board.
BRIEF DESCRIPTION OF THE INVENTION

[0004] In an exemplary embodiment, a radial fuse for protecting an
electrical circuit is provided. The fuse comprises a nonconductive base comprising a
first end and at least one pair of cradle members extending from the first end. The
pair of cradle members comprises inverted slope faces defining a receiving area of

more than about 50° for installation of a fuse element.
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[0005] Optionally, the inverted slope faces are flat and linear. A pair
of axial leads may aloes be provided, with the leads extending through the base, and
one of the pair of leads extending between the at least one pair of cradle members. A
fuse element may be received between the cradle members and connected to the axial
leads. The fuse element may extend transversely to the axial leads. The base may
include a cylindrical side wall. A protective cap may be provided, with the base fitted
into the cap and enclosing the first end. The base may include a second end opposing

the first end, with the second end exposed when the base is fitted into the cap.

[0006] The fuse element may be configured to open a current path
between the axial leads when specified current conditions occur in the electrical
circuit, and a gap of about 1 mm or less extends between the fuse element and the
sloped faces to restrain movement of the fuse element. The inverted slope faces may

be define a receiving area of at least about 60° for installation of a fuse element.

[0007] In another embodiment, an electrical fuse is disclosed that
comprises a nonconductive base comprising a first end and opposed pairs of cradle
members extending from the first end. Each of the opposed pairs of cradle members
comprising inverted flat and linear faces. The flat and linear faces are obliquely
sloped and collectively define a receiving area of at least about 60° for installation of
a fuse element. A pair of axial leads extend through the base between the respective
opposed pairs of cradle members, and a fuse element is soldered to proximal ends of
the axial leads and extending between the opposed pair of cradle members, wherein

the fuse element extends transversely to the axial leads.

[0008] According to another exemplary embodiment, an electrical
fuse is provided comprising: means for establishing an electrical connection to a
circuit; means for establishing an interruptible current path between the means for
establishing an electrical connection to the circuit, wherein the means for establishing
an interruptible current path structurally fails upon an occurrence of a specified
current condition; a nonconductive means for receiving the means for establishing an

electrical current to the circuit and the means for establishing an interruptible current
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path, wherein the nonconductive means for receiving is configured to provide a gap of
about 1 mm or less for the means for establishing an interruptible current path to
move; and means for enclosing the means for establishing an interruptible current

path but leaving a portion of the nonconductive means exposed.
BRIEF DESCRIPTION OF THE DRAWINGS

[0009] Non-limiting and non-exhaustive embodiments are described
with reference to the following figures, wherein like reference numerals refer to like

parts throughout the various views unless otherwise specified.
[0010] Figure 1 is a perspective view of an exemplary radial fuse.

[0011] Figure 2 is a partial assembly view of the radial fuse shown in

Figure 1.

[0012] Figure 3 is another assembly view of the radial fuse shown in

Figure 1.

[0013] Figure 4 illustrates an exemplary fuse link and terminal

structure for the radial fuse shown in Figure 3.

[0014] Figure 5 illustrates the radial fuse assembly shown in Figure 4

with the fuse link removed.

[0015] Figure 6 illustrates the radial fuse assembly shown in Figure 5
before the leads are shaped.

[0016] Figure 7 illustrates a bottom perspective exploded view of the

assembly shown in Figure 6.

[0017] Figure 8 is a perspective view of an exemplary base for the

assembly shown in Figure 7.

[0018] Figure 9 is a side plan view of the base shown in Figure 8.
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[0019] Figure 10 is a side plan view of a known base construction for

a radial fuse.
DETAILED DESCRIPTION OF THE INVENTION

[0020] As mentioned, the small footprint of radial fuses on a circuit
board has rendered them useful for many electronic devices that are becoming
increasingly miniaturized. Such devices include notebook computers, printers, MP3
players, mobile phones, high definition televisions, DVD players and set top boxes.
In particular, radial fuses are often utilized to protect power supplies, power adapters,
and battery chargers of the devices when they are connected to AC electrical outlets in
a home or business, for example, that are occasionally prone to overcurrent events.
The radial fuses are sometimes referred to as primary circuit protectors that protect
sensitive electronic components in the devices from overcurrent conditions in the AC

electrical outlets connected to the devices.

[0021] Radial fuses, however, can be difficult to assemble and
because of such difficulties, they can occasionally present reliability issues. Radial
fuses are known having a base that accepts radial leads extending axially through the
base. A saddle area is formed in the base and receives a fuse link that is connected
between the respective ends of the leads via soldering techniques. During assembly,
the fuse link is soldered to the ends of the axial leads, and the leads are pulled down
through the base until the fuse link rests in the saddle area of the base. The soldered
connections between the fuse link and the axial leads, however, are sometimes prone
to failure, rendering the electrical connection through the fuse link partly or wholly
inoperable and causing reliability issues in operation of the fuse. The soldered
connections are believed to be problematic at least in part due to the construction of

the base that receives the leads and the fuse links. Improvements are desired.

[0022] Figure 1 is a perspective view of an exemplary radial fuse 100
including a base 102, axial leads 104 that extend through the base 102, and a

protective cap 106.
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[0023] In the exemplary embodiment shown, the cap 106 has a
generally cylindrical outer shape and profile. That is, the cap 106 in the illustrated
embodiment includes a flat end wall 108 and a rounded side wall 110 collectively
defining a protective enclosure that receives the base 102 and a fuse element or fuse
link (described below) extending across the base 102 at an interior location to the cap
106. The cylindrical cap 106 is sometimes preferred due to a relatively small area,
sometimes referred to as a footprint, that the fuse 100 occupies on a circuit board in
use. It is appreciated, however, that in another embodiment the cap 106 may be

alternatively shaped, including but not limited to a rectangular shape or profile.

[0024] As seen in Figure 1, the axial leads 104 extend axially from
the base 102 in a generally parallel but spaced-apart relation to one another. In the
embodiment depicted, the leads 104 extend in a generally parallel direction to the
rounded side wall 110 of the cap 106 and in a direction generally perpendicular to the
end wall 108 of the cap 106. Additionally, the leads 104 are positioned approximately
equidistantly from an axial centerline of the cap 106, which coincides with an axial
centerline of the base, both of which are generally indicated with centerline 112 in
Figure 1. Alternatively stated, in an exemplary embodiment the axial leads 104 are
extended at approximately 180° angular positions relative to the centerline 112 and
spaced apart from one another at positions slightly spaced radially inwardly from the

side wall 110 of the cap 106.

[0025] Figure 2 is a partial assembly view of the radial fuse 100
showing the base 102 before insertion into the cap 106. As is evident from Figure 2,
the cap 106 is hollow and includes an open end 114 opposite the end wall 108. The
open end is sized and dimensioned to receive the base 102 and associated leads 104.
The base 102 is shaped in a generally complementary manner in its outer profile to
the hollow cap 106, and the base 102 and cap 106 may be dimensioned to provide a
slight interference fit when the cap 106 and base 102 are assembled. In further and/or
alternative embodiments, the cap 106 and base 102 may include snap-fit attachment

features, latching features or other attachment features and techniques, including but
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not limited to adhesives and other elements known in the art to provide secure

attachment between the cap 106 and base 102 once assembled.

[0026] The base 102, and also the cap 106, may each be fabricated
from an injection molded, nonconductive material such as plastic into the generally
cylindrical shapes illustrated or other shapes as desired. The base 102 may formed
with opposing ends 116 and 118, and a cylindrical side wall 120. The end 116
includes spaced apart cradle members 122 each defining a saddle area or receiving
area for the ends of the leads 104 and the fuse link, and when assembled with the cap
106, the end 116 is received within the hollow cap 106 such that the receiving area
and the fuse link are fully protected and enclosed by the cap 106, with the end wall
108 of the cap overlying the fuse link and the side wall 110 of the end cap 106. The

end 118 faces a circuit board when the fuse 100 is installed thereto.

[0027] Figure 3 illustrates the axial leads 104 and attached fuse
element or fuse link 124. The fuse link 124 is connected to the ends of the axial leads
104, and free ends of the leads 104 opposite the fuse link 124 are inserted through
respective holes in the base 102. The leads 104 are then pulled through the base 102
in the direction of arrow A until the ends of the leads 104 where attached to the fuse

link 124 are received in the respective cradle members 122 of the base 102.

[0028] The axial leads 104 in an exemplary embodiment may be
conductive wire elements, stamped and formed metal elements. or combinations of
both. Each of the leads 104 extends for a predetermined length between a proximal
end 126 connecting to the fuse link 124 and an opposing distal end. The through
holes in the base that receive the leads 104 may be located, for example, proximate
the cradle members 122 and extend completely though the base 102 between the end
116 and the end 118.

[0029] The fuse link or fuse element 124 is mechanically and
electrically connected to the proximal ends 126 of the leads 104, and extends across
the end 116 of the base 102, spanning a distance between the cradle members 122.

The fuse element 124 extends generally transverse to the axial leads 104 and extends
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diametrically on the end 118 of the fuse. Alternatively stated, the fuse link 124
interconnects the axial leads 104 in a substantially U-shaped arrangement, and when
the fuse link 124 is seated in the cradle members 122, the fuse link 124 extends across
the diameter of the end 116 of the base 102.

[0030] Figure 4 illustrates the fuse link or fuse element 124 being
attached to the proximal ends 126 of the axial leads 104. As shown in Figure 4, in an
exemplary embodiment the proximal ends 126 of the leads 104 are bent or otherwise
shaped into a rounded eyelet shape into which the fuse element 124 may be fitted.
Optionally, once the fuse link 124 is inserted into the shaped ends 126, the ends may
be bent further around the ends of the fuse link 124 such that the fuse link 124 is
positively captured or secured to the ends 126 of the leads 104. The ends of the fuse
link 124 and the leads 104 are soldered together to complete a mechanical and
electrical connection between the fuse link 124 and the leads 104. As such, a current
path is created through the fuse 100 wherein current may flow from a line side
connection of a circuit board to a load side connection of the circuit board when the

axial leads 104 are terminated to the circuit board and the circuit is energized.

[0031] In accordance with known electrical fuses, the fuse element or
fuse link 124, is constructed to melt, vaporize, disintegrate or otherwise structurally
fail when a predetermined magnitude of electrical current flows through the fuse for a
duration of time, sometimes referred to as an overcurrent condition, that may damage
sensitive electronic components. That is, the current path through the fuse element is
designed to fail and open the current path through the fuse element 124. By
implication, when the fuse element 124 opens, an open circuit results in the circuit to
which it is connected and damage to sensitive circuit components may be avoided.
The amount of current that the fuse element 124 may sustain before opening the
current path may vary depending on its particular material properties and dimensional
aspects. Various fuse link or fuse element constructions are known for such a
purpose. While in the embodiment illustrated, the fuse element 124 is a spirally

wound fuse element, it is contemplated that other types of fuse elements may be
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utilized in other embodiments. Once the fuse element 124 is opened, the fuse 102

may be replaced to restore the electrical circuitry to full operation.

[0032] Figure 5 illustrates the leads 104 extended through the base
102 but before the fuse element 124 is installed. Figure 6 illustrates the leads 104
extended through the base 102 but before the proximal ends 126 are shaped. Figure 7
illustrates the leads 104 being inserted into the base 102 in the direction of Arrow A.

[0033] Figure 8 is a perspective view of the base 102 alone,
illustrating the cradle members 122 extending upwardly from the end 118. The cradle
members are arranged in pairs on opposing sides of the base 102 and form valley
shaped saddle areas or receiving areas for the fuse element 124 and the ends of the

leads 104,

[0034] Figure 9 is a magnified side plan view of a portion of the base
102 illustrating a pair of cradle members 122 in an exemplary embodiment. The
cradle members 122 project upwardly from the substantially flat and planar end 118,
and are substantially wedge-shaped. The cradle members 122 of the pair are
essentially mirror images of one another, and each includes an outer face 130, an
inner face 132, a top face 134, and a sloped face 136. The outer and inner faces 130,
132 are spaced apart from one another on the end 118, are substantially vertically
oriented. and extend substantially perpendicularly from the flat end 118 in the
illustrate embodiment. Further, the outer faces 130 are taller than the inner faces 132,

measured in a direction normal to the end 118.

[0035] The top face 134 of each cradle member 122 is substantially
horizontally oriented and is generally parallel to, but spaced from, the plane of the flat
end 118. The top face 134 further extends from the outer face 130 of each cradle
member 122 in an inward direction toward the centerline 112 and toward the
opposing cradle member 122. The sloped face 136 of each cradle member 122
connects a top end of the inner face 132 with the end of the top face 134 that opposes
the outer face 130. The sloped faces 136 are each flat and linear and extend obliquely

relative to the flat end 118. In an exemplary embodiment, the sloped faces extend at
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approximately 30° angles relative to the centerline 112 of the base. Because the
cradle members 122 are mirror image of one another, however, the sloped faces 136
are inverted relative to one another and define a mouth area that is wider near the top
faces 134 than near the inner faces 132. In the example, shown the inverted sloped
faces 136 collectively define a relatively wide receiving area 138 over the cradle
members 122, and the receiving area 138 tapers in width considerably as the sloped
faces 136 approach the inner faces 132. In the example shown, the receiving area 138
spans approximately a 60° angle, and more specifically a 63° angle, although greater

or lesser angles may be utilized in other embodiments.

[0036] The combination of the flat and linear sloped faces 136, as
opposed to curvilinear faces, and a relatively wide receiving area (e.g., the 63° angle
between the sloped faces 136) is beneficial in several aspects. When the fuse element
124 and the leads 104 with soldered connections 140 are seated between the cradle
members 122, a gap 142 between the fuse element and the sloped faces 136 is
practically minimized. For example, in one embodiment the gap 142 is about 1mm or
less. Because of the substantially minimized gap 142, the freedom of movement of
the fuse element 124 and associated solder 140 is much more restricted than in other
known radial fuse constructions and the soldered connection 140 is more securely
retained to the base 102. Accordingly, instances of the soldered connection 140
failing, which is believed to be attributable to undesirable movement of the fuse
element 124 relative to the base 102 is substantially reduced, if not eliminated. This
is especially so when the fuses 102 are subject to vibration, either before or after

installation.

[0037] For comparative purposes Figure 10 illustrates a known base
construction for a radial fuse. The base 150 includes cradle members 152 have
curvilinear guide surfaces 154 opposing one another, and a narrower receiving area
156 of about 48° over the cradle members. While the curvilinear guide surfaces 154
and narrower receiving area 156 are intended to securely position the fuse element
124 relative to the cradle members 152, the ultimate position of the fuse link 124 is

actually somewhat variable. A rather large gap 156 of about 1.5 mm has been found
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to exist between the soldered connection 140 and the curvilinear faces 154 of the
cradle members 152, allowing the fuse element 124 additional freedom to move
relative to the cradle members. Such movement is believed to be responsible for

reliability issues in the soldered connections 140.

[0038] By eliminating the curved surfaces 154 in favor of flat sloped
surfaces 136 (Figure 9), and also by widening the receiving area 138 by about 30%
(e.g., from about 48° to about 63° in the examples shown) to provide the wider
receiving area 138 (Figure 9), more reliable positioning of the fuse element 124 with a
consistently smaller gap 142 (Figure 9) may be consistently achieved. Fuse reliability

is accordingly increased with minimal effect on costs of producing radial fuses.

[0039] This written description uses examples to disclose the
invention, including the best mode, and also to enable any person skilled in the art to
practice the invention, including making and using any devices or systems and
performing any incorporated methods. The patentable scope of the invention is
defined by the claims, and may include other examples that occur to those skilled in
the art. Such other examples are intended to be within the scope of the claims if they
have structural elements that do not differ from the literal language of the claims, or if
they include equivalent structural elements with insubstantial differences from the

literal languages of the claims.

-10-



WO 2010/077460 PCT/US2009/064886

WHAT IS CLAIMED IS:
1. A radial fuse for protecting an electrical circuit comprising:

a nonconductive base comprising a first end and at least one pair of
cradle members extending from the first end, the pair of cradle members comprising
inverted slope faces defining a receiving area of more than about 50° for installation

of a fuse element.

2 . The radial fuse of claim 1, wherein the inverted slope faces are flat

and linear.

3. The radial fuse of claim 1, further comprising a pair of axial leads
extending through the base, one of the pair of leads extending between the at least one

pair of cradle members.

4. The radial fuse of claim 3, further comprising a fuse eclement

received between the cradle members and connected to the axial leads.

5. The radial fuse of claim 4, wherein the fuse element extends

transversely to the axial leads.

6. The radial fuse of claim 1, wherein the base further comprises a

cylindrical side wall.

7. The radial fuse of claim 1, further comprising a protective cap, the

base fitted into the cap and enclosing the first end.

8. The radial fuse of claim 1, wherein the base comprises a second end

opposing the first end, the second end exposed when the base is fitted into the cap.

9. The radial fuse of claim 1, further comprising axial leads and a fuse
element configured to open a current path between the axial leads when specified

current conditions occur in the electrical circuit, and wherein a gap of about 1 mm or

-11-
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less extends between the fuse element and the sloped faces to restrain movement of

the fuse element.

10. The radial fuse of claim 1, wherein the inverted slope faces define

a receiving area of at least about 60° for installation of a fuse element.
11. An electrical fuse comprising:

a nonconductive base comprising a first end and opposed pairs of
cradle members extending from the first end, each of the opposed pairs of cradle
members comprising inverted flat and linear faces, the flat and linear faces being
obliquely sloped and collectively defining a receiving area of at least about 60° for

installation of a fuse clement;

a pair of axial leads extending through the base between the respective

opposed pairs of cradle members; and

a fuse element soldered to proximal ends of the axial leads and
extending between the opposed pair of cradle members, wherein the fuse element

extends transversely to the axial leads.

12. The fuse of claim 11, further comprising a nonconductive cap, the

base fitted into the cap and the cap enclosing the fuse element.

13. The fuse of claim 12, wherein the cap comprises a cylindrical side

wall.

14. The fuse of claim 12, wherein the fuse element is configured to
open a current path between the axial leads when specified current conditions occur in
an electrical circuit, and wherein a gap of about 1 mm or less extends between the

fuse element and the flat and linear faces to restrain movement of the fuse element.

15. The fuse of claim 12, wherein the base comprises a second end
opposing the first end, and the second end is exposed when the base is fitted into the

cap.

-12-
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16. An electrical fuse comprising:
means for establishing an electrical connection to a circuit;

means for establishing an interruptible current path between the means
for establishing an electrical connection to the circuit, wherein the means for
establishing an interruptible current path structurally fails upon an occurrence of a

specified current condition;

a nonconductive means for receiving the means for establishing an
electrical current to the circuit and the means for establishing an interruptible current
path, wherein the nonconductive means for receiving is configured to provide a gap of
about 1 mm or less for the means for establishing an interruptible current path to

move; and

means for enclosing the means for establishing an interruptible current

path but leaving a portion of the nonconductive means exposed.

17. The electrical fuse of claim 16, wherein the means for receiving
comprises inverted flat and linear faces, the flat and linear faces being obliquely
sloped relative to one another and collectively defining a receiving area of at least

about 60°.

18. The electrical fuse of claim 16, wherein the means for enclosing

comprises a cylindrical cap.

19. The electrical fuse of claim 16 wherein the means for establishing

an electrical connection to a circuit comprises a pair of axial leads.

20. The electrical fuse of claim 19, wherein the means for establishing

an interruptible current path extends transversely to the pair of axial leads.

13-
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