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OVERVOLTAGE PROTECTION DEVICE INCLUDING
WAFER OF VARISTOR MATERIAL

| Abstract
An overvoltage protection device includes first and second electrically conductive
electrode members, a varistor member formed of a varistor material and electrically connected
with each of the first and second electrode members, and an electrically conductive, meltable
member. The meltable member is responsive to heat in the device to melt and form a current

flow path between the first and second electrode members through the meltable member.
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OVERVOLTAGE PROTECTION DEVICES INCLUDING
WAFER OF VARISTOR MATERIAL

Field of the Invention
- [001] The present invention relates to voltage surge protection devices and, more

particularly, to a voltage surge protection device including a wafer of varistor material.

Background of the Invention
[002] Frequently, excessive voltage is applied across service lines that deliver power

to residences and commercial and institutional facilities. Such excess voltage or voltage
spikes may result from hghtning sfrikes, for example. The voltage surges are of pafticul&r
concemrn in telecommunications distribution centers, hospitals and other facilities where
equipment damage caused by voltage surges and resulting down time may be very costly.
[003] Typically, one or more varistors (i.e., voltage dependent resistors) are used to
protect a facility from voltage surges. Generally, the varistor 1s connected directly across an
AC input and in parallel with the protected circuit. The varistor has a characteristic clamping
voltage such that, responsive to a vol;cage increase beyond a prescribed voltage, the varistor
forms a low resistance shunt path for the overvoltage current that reduces the potential .for
damage to the sensitive components. Typically, a line fuse may be provided in the protective
circuit and this line fuse may be blown or weakened by the surge current or the failure of the

varistor element.

[004] Varistors have been constructed according to several designs for different
appiicatibns. For heavy-duty applications (e.g., surge current capability in the range of from
about 60 to 200 kA) such as protection of telecommunications facilities, block varistors are
commonly employed. A block varistor typically includes a disk-shaped varistor element
potted in a plastic housing. The varistor disk is formed by pressure casting a metal oxide |
material, such as zinc oxide, or other suitable material such as silicon carbide. Copper, or
other electrically conductive material, is flame sprayed onto the opposed surfaces of the disk. |

Ring-shaped electrodes are bonded to the coated opposed surfaces and the disk and electrode
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assembly 1s enclosed within the plastic housing. Examples of such block varistors include
- Product No. SIOV-B860K250, available from Siemens Matsushita Components GmbH &
Co. KG and Product No. V271BA60 available from Harris Corporation.

[005] Another vanstor design includes a high-energy vanstor disk housed in a disk
‘diode case. The diode case has opposed electrode plates and the varistor disk is positioned
therebetween. One or both of the electrodes include a spring member disposed between the
electrode plate and the varisto_r disk to hold the varistor disk in place. The spring member or
members provide only a relatively small area of contact with the vanstor disk.

[006] Another type of overvoltage protection device employing a varistor wafer is
the Strikesorb™ surge protection module available from Raycap Corporation of Greece, '

which may form a part of a Rayvoss™ transient voltage surge suppression system.

Summary of the Invention

[007] In varnious embodiments, the present invention is directed to an overvoltage
protection device which may provide a number of advantages for safely, durably and
consistently handling ox treme, repeated, and/or end of life overvoltage conditions.

[008] According to embodiments of the present invention, an overvoltage protection
device includes first and second electrically conductive electrode members, a varistor member
formed of a varistor matenal and electrically connected with each of the first and second
electrode members, and an electrically conductive, meltable member. The meltable member is
responsive to heat 1n the device to melt and form a current flow path between the first and
second electrode members through the meltable member.

[009] According to some embodiments, the current flow path fonned by the meltable
member extends fully from the first eleotrode member to the second electrode member with the
meltable member engaging each of the first and second electrode members.

{010] The meltable member may be formed of metal. According to some
embodiments, the meltable member has a melting point in the range of from about 110 to 160°C.

[011] According to some embodiments, the first electrode member includes a housing
defining a chamber and the meltable member and at least a portion of the second electrode
member are disposed 1n the chamber. According to some embodiments, the meltable member is
mounted on the portion of the second electrode member in the chamber.

[012] According to some embodiments, an electrically conductive reinforcing member
1s disposed 1n the chamber between the first and second electrode members, the reinforcing

member is formed of a material having a higher melting point than a material of the housing,
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and the reinforcing member is positioned to receive electrical arcing from the second
electrode member. The chamber may be sealed. According to some embodiments, an
electrically insulating member 1s disposed in the chamber and interposed between the first
and second electrode members.

[013] According to some embodiments of the present invention, an overvoltage
protection device includes a varistor member formed of a varistor material and an electrically
conductive, meltable member. The device 1s adapted to direct a current through the varistor
member responsive to an overvoltage event. The meltable member is responsive to heat in
the device to melt and form a new current flow path in the device to inhibit at least some
electrically induced heating of the device. According to some embodiments, the new current
flow path directs current away from the varistor member.

[14]  According to method embodiments of the present invention, a method for
providing overvoltage protection includes providing an overvoltage protection device
including first and second electrically conductive electrode members, a varistor member
tormed of a varistor material and electrically connected with each of the first and second
electrode members, and an electrically conductive, meltable member. The method further
includes, responsive to heat in the device, melting the meltable member to form a current
flow path between the first and second electrode members through the meltable member.

[15]  Further features, advantages and details of the present invention will be
appreciated by those of ordinary skill in the art from a reading of the figures and the detailed
description of the preferred embodiments that follow, such description being merely
1llustrative of the present invention.

[15a}] In accordance with an aspect of the present invention, there is provided an
overvoltage protection device comprising: a) first and second electrically conductive
electrode members; b) a varistor member formed of a varistor material and electrically

connected with each of the first and second electrode members; and ¢) an electrically
conductive, meltable member, wherein the meltable member is responsive to heat in the

device to melt and form a current flow path between the first and second electrode members

through the meltable member.

[15b] In accordance with another aspect of the present invention, there is provided a
method for providing overvoltage protection, the method comprising: providing an
overvoltage protection device including: first and second electrically conductive electrode
members; a varistor member formed of a varistor material and electrically connected with

each of the first and second electrode members; and an electrically conductive, meltable
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member; and responsive to heat in the device, melting the meltable member to form a current

flow path between the first and second electrode members through the meltable member.

Brief Description of the Drawings

16} The accompanying drawings which form a part of the specification, illustrate
key embodiments of the present invention. The drawings and description together serve to
fully explain the invention. In the drawings,

[17] Figure 1 1s an exploded, perspective view of an overvoltage protection device
according to embodiments of the present invention.

[18] Figure 2 1s a top perspective view of the overvoltage protection device of
Figure 1.

[19] Figure 3 1s a cross-sectional view of the overvoltage protection device of

Figure 1 taken along the line 3-3 of Figure 2.

3a
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[020] Figure 4 is a cross-sectional view of the overvoltage protection device of
‘Figure 1 taken along the line 3-3 of Figure 2, wherein a meltable member of the overvoltage
protection device has been reconfigured by melting in a vertical onentation.

[021] Figure 5 is a cross-sectional view of the overvoltage protection device of
Figure 1 taken along the line 3-3 of Figure 2, wherein the meltable member has been
reconfigured by melting in 'a horizontal onentation.

[022] Figure 6 is a schematic diagram representing a circuit including the
overvoltage protection deviCe of Figu re 1 according to embodiments of the present
invention.

[023] Figure 7 1s a cross-sectional view of a o‘vervoltage protection device
according to further embodiments of the present invention.

[024] Figure 8 1s an cxploded, perspective view of a meltable member assembly
according to further embodiments of the present 1nvention. .

[025] Figure 9 1s an exploded, top view of a meltable member assembly according

to further embodiments of the present mnvention.

~ Detailed Description of Embodiments of the Invention
[026] The present invention now will be described more fully hereinafter with

reference to the accompanying drawings, in which illustrative embodiments of the invention
are shown. In the drawings, the relative sizes of regions or teatures may be exaggerated for
clarity. This invention may, however, be embodied in many different forms and should not
be c;onstrued as limited to the embodiment§ set forth herein; rather, these embodiments are
provided so that this disclosure will be thorough and complete, and will fully convey the
scope of the invention to those skilled in the art.

[027] It will be understood that when an element 1is referred to as being "coupled” or
"connected" to another element, 1t can be directly coupled or connected to the other element
or intervening elements may also be present. In contrast, when an element 1s referred to as
being "directly coupled" or "directly connected" to another element, there are no intervening
elements present. Like numbers refer to like elements throughout.

[028] In addition, spatially relative terms, such as "under", "beloW", "lower", "over",
"upper" and the like, may be used herein for ease of description to describe one element or
feature's relationship to another element(s) or feature(s) as illustrated in the figures. It will be
understood that the spatially relative terms are intended to encompass different orientations of

the device in use or operation in addition to the orientation depicted 1n the figures. For
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example, 1f the device 1n the figures 1s turned over, elements described as "under" or
"beneath" other elements or features would then be onented "over" the other elements or
features. Thus, the exemplary term "under" can encompass both an orientation of over and
under. The device may be otherwise oriented (rotated 90 degrees or at other orientations) and
the spatially relative descriptors used herein interpreted accordingly.

[029] Well-known functions or constructions may not be described in detail for
brevity and/or clanty.

[030] As used heremn the expression "and/or" includes any and all combinations of
one or more of the associated listed items.

[031] The terminology used herein is for the purpose of describing particular
embodiments only and 1s not intended to be limiting of the invention. As used herein, the
singular forms "a", "an" and "the" are intended to include the plural forms as well, unless the
context clearly mmdicates otherwise. It will be further understood that the terms "comprises"
and/or "comprising,” when used in this specification, specify the presence of stated features,
integers, steps, operations, elements, and/or components, but do not preclude the presence or
addition of one or more other features, integers, steps, operations, elements, components,
and/or groups thereof.

[032] Unless otherwise defined, all terms (including technical and scientific terms)
used herein have the same meaning as commonly understood by one of ordinary skill in the
art to which this invention belongs. It will be further understood that terms, such as those
defined 1n commonly used dictionaries, should be interpreted as having a meaning that is
consistent with their meaning in the context of the relevant art and will not be interpreted in
an idealized or overly formal sense unless expressly so defined herein.

[033] As used herein, the term “wafer’” means a substrate having a thickness which

is relatively small compared to its diameter, length or width dimensions.

[034] With reference to Figures 1-5, an overvoltage protection device according to a
first embodiment of the present invention is shown therein and designated 100. The device
100 has a lengthwise axis A-A (Figure 3). The device 100 includes a housing 120, a piston-
shaped electrode 130, and a wafer of varistor material 110 and other components as discussed
in more detail below. The housing has an end electrode wall 122 (Figure 3) and a cylindrical
sidewall 124 extending from the electrode v&}all 122. The sidewall 124 and the electrode wall
122 form a chamber or cavity 121 communicating with an opening 126. A threaded post or
stud 129 (Figure 3) extends outwardly from housing 120. The electrode 130 has a head 132
disposed 1n the cavity 121 and an integral shaft 134 that projects outwardly&xrough the
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opening 126. The varistor wafer 110 is disposed in the cavity 121 between and in contact
with each of the electrode wall 122 and the head 132. The device 100 further includes an
electrically conductive meltable member 180 adapted to prevent or inhibit overheating or
thermal runaway of the device, as discussed in more detail below. '
[035] In use, the d'evice 100 may be connected directly across an AC or DC input

(for example, 1n an electrical service utility box). Service lines are connected directly or
indirectly to each of the electrode shaft 134 and the housing post 129 such .that an electrical
flow path 1s provided through the electrode 130, the varistor wafer 110, the housing electrode
wall 122 and the housing post 129. In the absence of an overvoltage condition, the varistor
wafer 110 provides high electrical resistance such that no significant current flows through
the device 100 as it appears electrically as an open circuit. In the eirent of an overvoltage
condition (relative to the design voltage of the device), the resistance of the varistor wafer
decreases rapidly, allowing current to flow through the device 100 and create a shunt path for
-current flow to protect other components of an associated electrical system. The general use
and application of overvoltage protectors such as varistor devices 1s well known to those of
skill in the art and, accdrdingly, will not be further detailed herein.

[036] Turning to the construction of the device 100 in greater detail, the device 100
further includes a spring washer 140, a flat washer 145, an insulator ring 150, an end cap' 160,
a clip 170, and O-rings 172, 174, 175 disposed in the cavity 121. Each of these components
is described more fully below.

[037] The electrode wall 122 of the housing 120 has an inwardly facing,
- substantially planar contact surface 122A. An annular slot 123 is formed in the inner surface
of the sidewall 124. According to some embodiments, the housing 120 is formed of
aluminum. However, any suitable electrically conductive metal may be used. According to
some embodiments, the housing 120 is unitary. The housing 120 as illustrated is
cylindrically shaped, but may be shaped differently.

[038] As best seen in Figure 3, the head 132 of the electrode 130 has a substantially
planar contact surface 132A that faces the contact surface 122A of the electrode wall 122.
The top surface 132B of the head 130 is chamfered or tapered (i.e., sloped radially) outwardly
and downwardly from a lower shaft portion 134A. The lower shaft portion 134A has a
reduced diameter as compared to the diameter of the head 132. An upper shaft portion 134B
extends from the upper end of the lower shaft portion 134A. The upper shaft portion 134B
has a reduced diameter as compared to the diameter of the lower shaft portién 134A.

According to some embodiments, the shaft portion 134B has a diameter of from about 1 to
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1.5 inch. An inteéral, annular, intermediate flange 138 extends radially outwardly from the
“shaft 134 between the shaft portions 134A, 134B. An annular, sidewardly opening groove
139A 1s defined 1n the peripheral sidewall of the flange 138. Another annular, sidewardly
opening groove 139B 1s defined 1n the upper shaft portion 134B. A threaded bore 136 is
formed in the end of the shaft 134 to receive a bolt for securing a bus bar or other electrical
connector to the electrode 130. According to some embodiments, the electrode 130 is formed
of aluminum. HoWever, any suitable electrically conductive metal may be used. |

[039] The meltable member 180 i1s mounted on the electrode 130. The meltable
member 180 is a cylindrical, tubular piece or sleeve surrounding the lower shaft portion
134 A, which is disposed 1n a central passage of the meltable member 180. According to
some embodiments, the meltable member 180 contacts the lower shaft portion 134A and,
according to some embodiments, the meltable member 180 contacts the lower shaft portion
134A along substantially the full length of the lower shaft portion 134A. The meltable
member 180 also engages the lower surface of the flange 138 and the top surface 132B of the
head 130.

[040] The meltable member 180 is formed of a heat-meltable, electrically
conductive matenial. According to some embodiments, the meltable member 180 is formed
of metal. According to some embodiments, the meltable member 180 is formed of an
electrically conductive metal alloy. According to some embodiments, the meltable member
180 1s formed of a metal alloy from the group consisting of aluminum alloy, zinc alloy,
and/or tin alloy. However, any suitable electrically conductive metal may be used.

[041] According to some embodiments, the meltable member 180 is selected such
that its melting point is greater than a prescribed maximum standard operating temperature.
The maximum standard operating temperature may be the greatest temperature expected in
the meltable member 180 durning normal operation (including handling overvoltage surges
within the designed for range of the device 100) but not during operation which, if left
uncheéked, would result in thermal runaway. According to some embodiments, the meltable
member 180 1s formed of a matenal having a melting point in the range of from about 110 to
- 160°C and, according to some embodiments, in the rénge of from about 130 to 150°C.
According to some embodiments, the melting point of the meltable member 180 is at least
20°C less than the melting points of the hoﬁsing 120, the electrode 130, and the insulator ring
150, according to some embodiments, at least 30°C less than the melting points of the

housing 120, the electrode 130 and the insulator nng 150, and, according to some
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embodiments, at least 40°C less than the melting points of the housing 120, the electrode 130

- and the insulator ring 150.

[042] According to some embodiments, the meltable member 180 has an electrical
conductivity in the range of from about 3 x 10’ Siemens/meter (S/m) to 4 x 10’ S/m and,
according to some embodiments,' in the range of from about 3.5 x 10’ S/m to 3.8 x 10’ S/m.

[043] The meltable member 180 can be mounted on the electrode 130 in any suitable
manner. According to some embodiments, the meltable member 180 is cast or molded onto
the electrode 130. According to some embodiments, the meltable member 180 is ‘
mechanibally secured onto the electrode 130.

[044] The vanstor wafer 110 has fitst and second opposed, substantially planar
- contact surfaces 112. The varistor wafer 110 is interposed between the contact surfaces 122A
and 132A. As described in more detail below, the head 132 and the wall 122 are
mechanically loaded against the vaﬁstor wafer 110 to ensure firm and uniform engagement
between the surfaces 132A, 122 A and the respective opposed surfaces 112 of the varistor
wafer 110.

[045] According to some embodiments, the varistor wafer 110 is disk-shaped.
However, the varistor wafer 110 may be formed in other shapes. The thickness and the
diameter of the varistor wafer 110 will depend on the varistor characteristics desired for the
- particular application. The varistor wafer 110 may include a wafer of varistor material coated
on either side with a conductive coating so that the exposed surfaces of the coatings serve as
the contact surfaces. The coatings can be formed of aluminum, copper or silver, for example.

[046] The vanstor material may be any suitable material conventionally used for
varistors, namely, a material exhibiting a nonlinear resistance characteristic with applied
voltage. Preferably, the resistance becomes \}ery low when a prescribed voltage is exceeded.
The varistor material may be a doped metal oxide or silicon carbide, for example. Suitable
metal oxides include zinc oxide compounds. '

[047) The spring washer 140 surrounds the upper shaft portion 134B and engages
the upper surface of the flange 138. Each spring washer 140 includes a hole 142 that receives
the upper shaft portion 134B of the electrode 130. The spring washer 140 abuts the top face
of the flange 138. According to some embodiments, the clearance between the hole 142 and
the shaft portion 134B is in the range of frorﬁ about 0.015 to 0.035 inch. The spring washer
140 may be formed of a resilient material. According to some embodiments and as -
ilustrated, the spring washer 140 is a Belleville washer formed of spring steel. '.While only

one spring washer 140 1s shown, more may be used.
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- [048] The flat metal washer 145 is interposed between the spring washer 140 and the
insulator ring 150 with the shaft portion 134B extending through a hole 146 formed 1n the
washer 145. The washer 145 serves to distribute the mechanical load of the spring washer 140
to prevent the spring washer from cutting into the insulator rning 150.

[049] The insulatqr ring 150 overlies and abuts the washer 145. The insulator ring
150 has a main body ring 154, a cylindrical upper flange or collar 156 extending upwardly
from the main body ring 154, and a cylindrical lower flange or collar 158 extending
downwardly from the main body ring 154. A hole 152 receives the Shaﬁ portion 134B.
According to some lembodiments, the clearance between the hole 152 and the shaft portidn
134B is in range of from about 0.025 to 0.065 inch. The main body ring 154 and the collars
156, 158 may be bonded or ihtegrally molded. An upwardly and outwardly opening
peripheral groove 159 is formed in the top comer of the main body ring 154.

[050] The insulator ring 150 is preferably formed of a dielectric or electrically
insulating material having high melting and combusfion temperatures. The insulator ring 150
may be formed of polycarbonate, ceramic or a high temperature polymer, for example.
According to some embodiments, the 1nsulator nng 150 1s formed of a materal having a
melting point greater than the melting point of the meltable member 180.

\ [051] The end cap 160 overlies and abuts the insulator ning 150. The end cap 160
has a hole 162 that receives the shaft portion 134B. - According to some embodiments, the
clearance between the hole 162 and the shaft portion 134B 1s in the range of from about 0.025
to 0.065 inch. The end cap 160 may be formed of aluminum, for example.

[052] The clip 170 1s resilient and truncated ring shaped. The clip 170 1s partly
received in the slot 123 and partly extends radially inwardly ﬁom the inner wall of the
housing 120 to limit outward axial displacement of the end cap 160. The clip 170 may be

formed of spring steel.
[053] The O-nng 172 1s positioned in the groove 139A such that 1t 1s captured

between the flange 138 and the lower collar 158. The O-ring 174 is positioned in the groove
139B such that it 1s captured between the shaft portion 134B and the upper collar 156. The
O-ring 175 1s positioned in the groove 159 and captured between the insulator nng 150 and.
the side wall 124. When installed, the O-nings 172, 174, 175 are compressed so that they are
biased against and form a seal between the édj acent interfacing surfaces. In an overvoltage
event, byproducts such as hot gases and fragments from the wafef 110 may fill or scatter into

the cavity 121. These byproducts may be limited or prevented by the O-rings 172, 174, 175
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from escaping the overvoltage protection device 100 along a path between the shaft 134 and
the insulator ring 150 or a path between the insulator ring 150 and the side wall 124.

[054] The O-nngs 172, 174, 175 may be formed of the same or different materals.
According to some embodiments, the O-rings 172, 174, 175 are formed of a resilient
material, such as an elastomer. According to some embodiments, the O-rings 172, 174, 175
are formed of rubber. The O-rings 172, 174, 175 may be formed of a fluorocarbon rubber -

- such as VITON™ available from DuPont. Other rubbers such as butyl rubber may also be
used. According to some embodiments, the rubber has a durometer of between about 60 and
100 Shore A. According to some embodiments, the melting point of each of the O-rings 172,
174, 175 is greater than the melting point of the meltable member 180.

[055] When assembled as shown in Figure 3, the housing 120, the wafer 110, the
electrode shaft portion 134A, the hea'd 132, the flange 138, and the lower collar 158 define an
annular chamber 102, which is a sealed subchamber of the housing cavity 121. The meltable
member 180 is contained in the chamber 102. ' '

- [056] " As noted above and as best shown in Figure 3, the electrode head 132 and the
electrode wall 122 are loaded against the varistor wafer 110 to ensure firm and uniform
 engagement between the wafer surfaces 112 and the surfaces 122A, 132A. This aspect of the
device 100 may be appreciated by considering a method according to the present invention
for assembling the device 100. The O-rings 172, 174, 175 are installed in the grooves 139A,
139B, 159. The varistor wafer 110 is placed in the cavity 121 such that the wafer surface 112
engages the contact surface 122A. The electrode 130 1s inserted into the cavity 121 such that
the contact surface 132A engages the varistor wafer surface 112. The spring washer 140 is
slid down the shaft portion 134B and placed over the flange 138. The washer 145, the
insulator ring 150, and the end cap 160 are slid down the shaft portion 134B and over the
spring washer 140. - A jig (not shown) or other suitable device 1s used to force the end cap
160 down, in turn deflecting the spring washer 140. While the end cap 160 is still under the
load of the jig, the clip 170 i1s compressed and inserted into the slot 123. The clip 170 is then
released and allowed to return to its original diameter, whereupon it partly fills the slot and
partly extends radially mmward into the cavity 121 from the slot 123. The clip 170 and the slot
123 thereby serve to maintain the load on the end cap 160 to partially deflect the spring
washer 140. The loading of the end cap 160 onto the insulator-n'hg 150 and from the
insulator ring onto the spring washer 140 1s 1n turn transferred to the head 132. In this way,
- the varistor wafer 110 1s sandwiched (clamped) between the head 132 and the electrode wall

122.

10
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[057] As discussed above, in the absence of an overvoltage condition, the varistor

“wafer 110 provides high resistance such that no current flows through the device 100 as it
appears electrically as an open circuit. In the event of an overvoltage condition (relative to
the design voltage of the device), the resistance of the vanstor water decreases rapidly,
allowing current to flow through the device 100 and create a shunt path for current flow to
protect other components of an associated electrical system. However, certain conditions
may cause a build up of heat in the device 100. For example, the device 100 may assume an
"end of life" mode in which the varistor wafer is depleted 1n full or in part (i.e., 1n an "end of
life" state). Also, the device 100 may experience an extended overcurrent event or one or
more overcurrent events in close succession. In these cases, the vanstor material may be '
insufficient to conduct the current, causing arcing between the electrode 130 and the housing
120. Likewise, the cross-section of the electrical conduction patil may be insufﬁcient for the
amount of current, causing high ohmic losses and resultant heat generation. Such arcing may
in turn cause a buildup of heat in the device 100. If left unchéckéd, this buildup of heat may
result in thermal runaway and the device temperature may exceed a prescribed maximum
temperature. For example, the maximum allowable temperature for the exterior surfaces of
the device may be set by code or standard to prevent combustion of ‘adj acent componehts |
(e.g., per UL 1449). One way to avoid such thermal runaway 1s to interrupt the current
through the device 100 using a fuse that blows prior to the occurrence of overheat in the
device 100. However, as discussed below, in some cases this approach 1s undesirable as it
may cause damage to other important components in an associated circuit or leave the load
unprotected after disconnecting the surge protective device.

[058] In accordance with embodiments of the present invention, the meltable
member 180 serves to prevent or inhibit such thermal runaway without requiring that the
current through the device 100 be interrupted. Imtially, the meltable member 180 has a first
configuration as shown in Figures 1 and 3 such that it does not electrically couple the
electrode 130 and the housing 120 except through the head 132. Upon the occurrence of a
heat buildup event, the electrode 130 is thereby heated. The meltable member 180 is also
heated directly and/or by the electrode 130. During normal operation, the temperature in the
meltable member 180 remains below its melting point so that the meltable member 180
remains in solid form. However, when the femperaulre of the meltable member 180 exceeds
its melting point, the meltable member 180 melts (in full or in part) and flows by force of

- gravity into a second configuration different from the first confi guratioh. When the device

100 is vertically oriented, the melted meltable member 180 accumulates 1n fhe lower portion

11
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of the chamber 102 as a reconfigured meltable member 180A (which may be molten in whole
or in part) as shown in Figure 4. The meltable member 180A bridges or short circuits the
electrode 130 to the housing 120. That 1s, a new direct flow path or paths are provided from
the surface of the electrode portion 134A to the surfaces of the ﬁousmg end wall 122 and the
housing side wall 124 through the meltable member 180A. According to some embodiments,
at least some of these ﬂow'paths do not include the varistor wafer 110.

[059] Thus, the meltable member 180A provides an enlarged electrical contact
surface between the electrode 130 and the housing 120 and an enlarged current flow path.
 That is, the cross-section and volume of the electrical conduction path, which includes the
meltable member 180A, are increased. As a result, the arcing, ohmic heating and/or other
phenomena inducing heat generation are diminished or eliminated, and thermal runaway
and/or excessive overheat-of the device 100 can be prevented. The device 100 may thereby
convert to a relatively low resistance element capable of maintaining a relatively high current
~safely (i.e., without catastrophic destruction of the device). It will be appreciated that the
device 100 may.be-rendergd unusable thereafter as an overvoltage protection device, but
catastrophic destruction (e.g., resulting in combustion temperature, explosion, or release of
materials from the device 100) is avoided..

~ [060] The relatively large diameter of the lower shaft portion 134A positions the
outer surface of the shaft portion 134A in closer proximity to the inner surface of the housing
side wall 124 and provides greater contact areas between the reconfigured meltable member
180A and the shaft portion 134A and the side wall. According to some embodiments, the
diameters of the shaft portions 134A and 134B are sized to carry the surge current without -
overheating the shaft portions 134A, 134B when the meltable member 180 has melted to
form the reéonﬁgured meltable member 180A and the device 100 continues to carry a surge

current or non-surge current.

[061] The device 100 may be effectively employed in any orientation. For example,
with reference to Figure S5, the device 100 may be deployed in a honzontal orientation.
When the meltable member 180 is melted by an overheat generation event, the meltable
" member 180 will flow to the lower portion of the chamber 102 where it forms a reconfigured
meltable member 180B (which may be molten in whole or in part) that bridges the electrode
130 and the housing 120 as discussed above. The flange 138, thé O-ning 172, and the
insulator ring lower collar 158 as well as the msulator nng 150, the O-ring 175 and the side
wall 124 cooperate to seal the chamber 102 so that the molten meltable member 180 does not

flow out of the chamber 102. The O-ring 174 provides a secondary seal.
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[062] With reference to Figure 6, an electrical circuit 30 according to embodiments
‘of the present invention is shown schematically therein. The circuit 30 includes a power
supply 32, a circuit breaker 34, a protectéd load 36, ground 40, and the overvoltage protection
- device 100. The device 100 may be mounted in an electrical service utility box, for example.
The power supply 32 may be an AC or DC supply and provides power to the load 36. The
load 36 may be any suitablé device, System,» equipment or the like (e.g., an electrical
appliance, a cellular communications transmission tower, etc.). The device 100 is connected
in parallel with the load 36. In normal use, the device 100 will operate as an open circuit so
that current is directed to the load 36. In an overvoltage event, the resistance of the varistor
wafer will drop rapidly so that overcurrent is prevented from damagng the load 36. The
circuit breaker 34 may trip open. However, in some cases, the device 100 may be subjected
| ' to a current exceeding the capacity of the varistor wafer 110, causing excessive heat to be
generating by arcing, etc. as described above. The meltable member 180 will melt and flow
to short circuit the device 100 as discussed above. The short circuiting of the device 100 will
in turn trip the circuit breaker 34 to open. In this manner, the load 36 may be protected from
a power surge or overcurrent event. Additionally, the device 100 may safely conduct a
continuous current.

[063] Notably, the device 100 will continue to short circuit the circuit 30 following
the overcurrent event. As a result, the circuit breaker 34 cannot be reset, which notifies an
operator that the device 100 must be repaired or reblaced. If, alternatively, the branch of the
device 100 were interrupted rather than short circuited, the circuit breaker 34 could be closed
and the operator may be unaware that the load 36 is no longer protected by a functional
overvoltage protection device.

[064] With reference to Figure 7, an overvoltage protection device 200 according to
- further embodiments of the present invention is shown therein. The device 200 corresponds
to the device 100 except for the further provision of a liner 290 in the chamber 202. The liner
290 is a tube or sleeve of an electrically and thermally conductive material. According to
some embodiments, the liner 290 1s formed of a materiai having a higher melting point than
the material of the housing 220. According to some embodiments, the liner 290 is 'formed.',of
steel and the housing 220 is formed of aluminum. In case of an overcurrent event, some or
all of the arcing from the electrode 230 and/or the varistor wafer 210 is directed to the liner
290 rather than the housing 220 1tself (and, 1n particular, the side wall 224). In this way, the
Tliner 290 prevents or delays localized melting of the housing 220 that may puncture the
housing 220 or otherwise cause the housing 220 to fail. The hner 290 may ﬂso structurally -

13



CA 02570580 2006-12-07

reinforce the housing side wall 224 to provide additional rigidity if the side wall 224 is
‘softened by heat. The liner 290 thereby provides additional time for the meltable member
280 to melt, flow and provide an enlarged current flow path between the electrode 230 and
the housing 220. ‘

[065] With reference to Figure 8, a meltable member assembly 381 according to
further embodiments of thé present invention is shown therein in exploded perspective view.
The meltable member assembly 381 may be used in place of the meltable member 180. The
meltable member assembly 381 includes a pair of meltable member subparts 382 and a clamp
384. The subparts 382 can be placed about the electrode lower portion 134A and secured in
place using the clamp 384 as a retention device. The subparts 382 may be formed of the N
materials as discussed above with regard to the meltable member 180. According to some
embodiments, circumferential recesses may be formed in the outer surfaces of the subparts
382 to receive the clamp 384 so that the clamp is partially or fully recessed within the
subparts 382.

[066] With reféarence to Figuré 9, a meltable member assembly 481 according to
further embodiments of the present invention 1s shown therein. The meltable member
assembly 481 may be used in place of the meltable member 180. The meltable member
assembly 481 includes a pair of meltable member subpaﬁs 482. Each of the subparts 482 has
integral retention features in the form of a male projection 484 A and a female bore 484B.
The subparts 482 can be placed about the electrode lower portion 134A and secured in place
by engaging the respective projections 484A and bores 484B. The projections 484A and the
bores 484B may be relatively sized and shaped to provide an interference fit. The subparts

482 may be formed of the materials as discussed above with regard to the meltable member

180.

{067] Overvoltage protection devices according to embodiments of the present
invention (e.g., the devices 100, 200) may provide a number of advant'ages in addition to
those mentioned above. The devices may be formed so to have a relatively compact form
factor. The devices may be retrofittable for installation in place of similar type overvoltage
protection' devices not having a meltable member as described herein. In particular, the
present devices may have the same length dimension, as such previous devices.

[068] According to some embodinients, overvoltage prdtection devices of the
present invention (e.g., the devices 100, 200) are adapted such that when the meltable .

member is melted to short circuit the overvo Itage protection device, the conductivity of the
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overvoltage protection device is at least as'great as the conductivity of the feed and exit
cables connected to the device.

[069] According to some embodiments, overvoltage protection devices of the
present invention (e.g., the devices 100, 200) are adapted to sustain a current of 1000 amps
for at least seven hours without occurrence of a breach of the housing (e.g., the housing 120
or 220) or achieving an exfernai surface temperature in excess of 170°C.

- [070] While meltable members or assemblies as described above are mounted so
that they surround and are in contact with the electrodes (e.g., the electrode 130), according
to other embodiments of the present invention, a meltable member may instead or
additionally be mounted elsewhere in a device. For example, a meltable member (e.g., a .
sleeve or liner of the meltable material) may be mounted on the inner surface of the side wall
124 and/or the underside of the flange 138. Likewise, the meltable member may be shaped
differently 1n accordance with some embodiments of the invention. For example, according
to some embodiments, the meltable member 1s not tubular and/or symmetric with respect to
the chamber, the electrode, and/or the housing.

[071] According to some embodiments, the areas of engagement between each of
the contact surfaces (e.g., the contact surfaces 122A, 132A) and the varistor wafer surfaces
(e.g., the wafer surfaces 112) 1s at least 0.5 square inches. '

[072] According to some embodiments, the combined thermal mass of the housing
120 and the electrode 130 1s substantially greater than the thermal mass of the varistor wafer
110. As used herein, the term “thermal mass” means the product of the specific heat of the
material or matenals of the object (e.g., the varistor wafer 110) multiplied by the mass or
masses of the matenal or materials of the object. That 1s, the thermal mass is the quantity of
energy required to raise one gram of the material or materials of the object by one degree
centigrade times the mass or masses of the material or materials in the object. According to
some embodiments, the thermal masses of each of the electrode head 132 and the electrode
wall 122 are substantially greater than the thermal mass of the varistor wafer 110. According
to some embodiments, the thermal masses of each of the electrode head 132 and the electrode
wall 122 are at least two times the thermal mass of the varistor wafer 110, and, according to
some embodiments, at least ten times as great.

[073] Methods for forming the several components of the overvoltage protection
devices of the present invention wall be apparent to those of skill in the art in view of the

foregoing description. For example, the housing 120, the electrode 130, and the end cap 160
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may be formed by machining, casting or impact molding. Each of these elements may be
unitarily formed or formed of multiple components fixedly joined, by welding, for example.

[074] Multiple varistor wafers (not shown) may be stacked and sandwiched between
the electrode head and the center wall. The outer surfaces of the uppermost and lowermost
varistor wafers would serve as the wafer contact surfaces. However, the properties ot the
varistor wafer are preferably modified by changing the thickness of a single varistor water
rather than stacking a plurality of varistor waters.

1075]  As discussed above, the spring washer 140 1s a Belleville washer. Belleville
washers may be used to apply relatively high loading without requiring substantial axial space.
However, other types of biasing means may be used in addition to or in place of the Belleville
washer or washers. Suitable alternative biasing means include one or more coil springs, wave
washers or spiral washers.

[076] Many alterations and modifications may be made by those having ordinary
skill in the art, given the benefit of present disclosure, without departing from the scope of the
invention as claimed. Therefore, it must be understood that the illustrated embodiments have
been set forth only for the purposes of example, and that it should not be taken as limiting the
invention as defined by the following claims. The following claims, theretfore, are to be read to
include not only the combination of elements which are literally set forth but all equivalent
elements for performing substantially the same function in substantially the same way to obtain
substantially the same result. The claims are thus to be understood to include what 1s
specifically illustrated and described above, what is conceptually equivalent, and also what

incorporates the essential 1dea of the invention.
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WHAT IS CLAIMED IS:

I. An overvoltage protection device comprising:
a) first and second electrically conductive electrode members;
b) a varistor member formed of a varistor material and electrically

connected with each of the first and second electrode members; and
C) an electrically conductive, meltable member, wherein the

meltable member is responsive to heat in the device to melt and form a current
flow path between the first and second electrode members through the

meltable member.

2. The device of Claim 1 wherein the current flow path formed by the
meltable member extends fully from the first electrode member to the second

electrode member with the meltable member engaging each of the first and second

electrode members.

3. The device of Claim 1 wherein the meltable member 1s formed of

metal.

4. The device of Claim 3 wherein the meltable member 1s formed of
metal selected from the group consisting of aluminum alloy, zinc alloy, and/or tin

alloy.

5. The device of Claim 1 wherein the meltable member has a melting

point in the range of from about 110°C to 160°C.

0. The device of Claim 1 wherein the tirst electrode member includes a

housing defining a chamber and the meltable member and at least a portion of the

second electrode member are disposed in the chamber.

7. The device of Claim 6 wherein the meltable member 1s mounted on the

portion of the second electrode member in the chamber.

17
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S, The device of Claim 7 wherein the meltable member 1s cast onto the

portion of the second electrode member 1n the chamber.

0. The device ot Claim 7 wherein the meltable member includes first and
second separate subparts secured to one another on the portion ot the second electrode

member in the chamber by a retention device.

10. The device of Claim 7 wherein the meltable member includes first and
second separate subparts secured to one another on the portion of the second electrode

member 1n the chamber by at least one integral retention feature.

11.  The device of Claim 6 including an ¢lectrically conductive reinforcing
member disposed in the chamber between the first and second electrode members,
wherein the reinforcing member is formed of a material having a higher melting point
than a material of the housing, and wherein the reinforcing member 1s positioned to

receive electrical arcing from the second electrode member.

12. The device of Claim 6 wherein the chamber 1s sealed.

13. The device of Claim 6 including an electrically tnsulating member
disposed in the chamber and interposed between the first and second electrode

members.

14. The device of Claim 6 wherein the housing defines an opening and the
second electrode member includes a head positioned in the chamber and a shatft, the
device further including:

a metal end cap positioned in the opening and having an end cap hole
tformed therein, wherein the shaft extends through the end cap hole; and
an electrically insulating ring member interposed between the second

electrode member and the end cap, the insulating ring member having a ring

hole formed therein through which the shaft extends.
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15. The device of Claim 6 wherein:
the second electrode member includes a head positioned 1n the
chamber, a shaft, and a flange extending from the shaft and spaced apart from

the head, wherein the head engages the varistor member and the head and the

flange each extend radially outwardly from the shatft;

the meltable member is mounted on the shaft between the head and the
flange; and
the device further includes a spring washer mounted on the flange

opposite the head to apply a load to the head.

16. The device of Claim 1 wherein the varistor member 1s interposed

between the first and second electrode members.

17. The device of Claim 16 wherein the varistor member 1s a varistor
water having opposed wafer surfaces, each of the first and second electrode members
has a contact surface in contact with a respective one of the water surtaces, and at
least one of the first and second electrode members 1s biased against the water surtace

contacted by it.

18. The device of Claim 16 wherein at least one ot the first and second

electrode members 18 biased against the water surtace contacted by it.

19. The device of Claim 1 wherein the varistor material 1s selected from

the group consisting of a metal oxide compound and silicon carbide.

20. The device of Claim 1 wherein:
the device is adapted to direct a current through the varistor member
responsive to an overvoltage event; and

the meltable member is responsive to heat in the device to melt and
form a new current flow path in the device to inhibit at least some electrically

induced heating of the device.
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21. The device of Claim 20 wherein the meltable member 1s responsive to
heat 1n the device to melt and form a new current flow path 1n the device that prevents

the device from heating to a temperature exceeding a prescribed temperature.

22. The device of Claim 20 wherein the new current tlow path directs

current away from the varistor member.

23. The device of Claim 1 wherein the meltable member 1s responsive to
electrically induced heat generated 1n the device to melt and form the new current

tlow path.

24, The device ot Claim 1 wherein the device 1s adapted to sustain a
current of 1000 amps tfor at least seven hours without occurrence ot a breach 1n the

housing or an external surface temperature on the housing in excess of 170°C.

25. The device ot Claim 1 configured such that the meltable member will
tflow around an outer circumfterence ot the varistor member when melted to form the

current flow path.

26. The device of Claim 1 wherein the meltable member has a melting
point that is greater than a prescribed maximum standard operating temperature,
wherein the prescribed maximum standard operating temperature 1s the greatest

temperature expected in the meltable member during normal operation but not during

operation which, if left unchecked, would result in thermal runaway of the device.

27. The device of Claim 7 wherein:

the housing 1s formed of metal;

the second electrode member includes a head positioned 1n the

chamber and a shaft adjoining the head and positioned 1n the chamber; and

the meltable member 1s mounted on the shaft in the chamber.

28.  The device of Claim 23 wherein the varistor member 1s adapted to

generate heat from ohmic losses 1n the varistor member and the meltable member is
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responsive to said heat generated from ohmic losses to melt and form the new current

flow path.

29. The device ot Claim 28 wherein the varistor member 1s adapted to
generate said heat from ohmic losses in the varistor member when subjected to an

extended overcurrent event.

30. The device of Claim 23 wherein the varistor member 1s adapted to
generate heat from ohmic losses in the varistor member when the varistor member 1s
in an end of life mode, and the meltable member 1s responsive to heat generated from
ohmic losses in the varistor member when the varistor member 1s 1n its end ot lite
mode to melt and form the new current flow path to prevent catastrophic destruction

of the device due to thermal runaway.

31. A method for providing overvoltage protection, the method
comprising:
providing an overvoltage protection device including:
tirst and second electrically conductive electrode members;
a varistor member formed of a varistor material and electrically
connected with each of the first and second electrode members; and
an electrically conductive, meltable member; and
responsive to heat in the device, melting the meltable member to form
a current flow path between the first and second electrode members through

the meltable member.

32. The method of Claim 31 wherein the current flow path formed by the
meltable member extends fully from the first electrode member to the second
electrode member with the meltable member engaging each of the tirst and second

electrode members.

33.  The method of Claim 31 including:
directing a current through the varistor member responsive to an

overvoltage event; and
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responsive to heat in the device, melting the meltable member to form
a new current flow path in the device that inhibits at least some electrically

induced heating of the device.

34. The method of Claim 33 including:

generating heat in the varistor member from ohmic losses in the
varistor member; and

responsive to said heat from ohmic losses, melting the meltable

member to form the new current flow path.

35.  The method of Claim 34 wherein the step of generating said heat in the
varistor member from ohmic losses in the varistor member includes subjecting the

varistor member to an extended overcurrent event to generate said heat.

36. The method of Claim 34 including directing the current through the
varistor member while the varistor member is in the end of life mode such that heat 1s

generated in the varistor from ohmic losses.

37.  The method of Claim 31 wherein the meltable member has a melting
point that is greater than a prescribed maximum standard operating temperature,
wherein the prescribed maximum standard operating temperature 1s the greatest
temperature expected in the meltable member during normal operation but not during

operation which, if left unchecked, would result in thermal runaway of the device.

38. The method of Claim 23 wherein the device includes a housing and 1s
adapted to sustain a current of 1000 amps for at least seven hours without occurrence

of a breach in the housing or an external surface temperature on the housing 1n excess

of 170°C.
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