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(57) ABSTRACT 
A voltage suppression device for suppressing voltage surges 
in an electrical circuit, comprised of a voltage sensitive ele 
ment having a predetermined voltage rating, the voltage sen 
sitive element increasing in temperature as voltage applied 
across the voltage sensitive element exceeds the voltage rat 
ing. Terminals are provided for electrically connecting the 
voltage sensitive element between a power line of an electri 
cal circuit and a ground or neutral line of the electrical circuit. 
A normally closed, thermal switch is electrically connected in 
series with the voltage sensitive element between the power 
line and the voltage sensitive element, the thermal switch 
being thermally coupled to the voltage sensitive element 
wherein the thermal switch moves from a normally closed 
position to an open position to form a gap between the thermal 
switch and the voltage sensitive element when the tempera 
ture of the voltage sensitive element reaches a level indicating 
an over-voltage condition. A non-conductive barrier that is 
operable to move into the gap when the thermal switch moves 
to an open position, the barrier preventing line voltage surges 
from arcing between the thermal switch and the voltage sen 
sitive element. 

47 Claims, 13 Drawing Sheets 
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CIRCUIT PROTECTION DEVICE 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci?ca 
tion; matter printed in italics indicates the additions 
made by reissue. 

This application is a continuation-in-part of application 
Ser. No. 09/093,367, ?led on Jun. 8, 1998, now US. Pat. No. 
6,040,971. 

FIELD OF THE INVENTION 

The present invention relates generally to circuit protection 
devices, and more particularly to a device that suppresses 
transient current/voltage surges. 

BACKGROUND OF THE INVENTION 

Many of today’s highly sensitive electronic components, 
such as computer and computer-related equipment, that are 
used in commercial and residential applications contain tran 
sient voltage surge suppression (TVSS) devices. These 
devices protect sensitive and/ or expensive electronic circuits 
and components from damage from over-voltage fault con 
ditions. Such transient voltage surge suppression systems are 
typically designed for moderate fault conditions expected in 
normal use. In this respect, such systems are designed to 
suppress relatively minor fault conditions, but are not 
designed to protect against major over-voltage conditions. 
Examples of maj or over-voltage conditions include those that 
may occur from losing the system neutral or ground termina 
tion, or from repetitive current pulses as from lightning 
strikes. Such major over-voltage conditions can have cata 
strophic effects on sensitive electronic circuits and compo 
nents. To prevent such fault conditions from reaching and 
damaging electronic circuits, components and equipment, it 
has been known to utilize larger voltage surge suppression 
devices. These devices are typically deployed at a building’s 
incoming electrical service power lines, or within a building’ s 
power distribution grid to control power surges in the electri 
cal lines to the building, or in the electrical lines to speci?c 
?oors of the building. Such voltage surge suppression devices 
typically include a plurality of metal-oxide varistors (MOVs) 
connected in parallel between a service power line and a 
ground or neutral line, or between a neutral line and a ground 
line. 
MOVs are non-linear, electronic devices made of ceramic 

like materials comprising Zinc-oxide grains and a complex 
amorphous inner granular material. Over a wide range of 
current, the voltage remains within a narrow band commonly 
called the varistor voltage. A log-log plot of the instantaneous 
voltage in volts versus the instantaneous current in amps 
yields a nearly horizontal line. It is this unique current-volt 
age characteristic that makes MOVs ideal devices for protec 
tion of sensitive electronic circuits against electrical surges, 
over-voltages, faults or shorts. 
When exposed to voltages exceeding their voltage value, 

MOVs become highly conductive devices that absorb and 
dissipate the energy related to the overvoltage and simulta 
neously limit dump current to a neutral line or ground plane. 
If an over-voltage condition is not discontinued, the MOVs 
will continue to overheat and can ultimately fail catastrophi 
cally, i.e., rupture or explode. Such catastrophic failure may 
destroy the sensitive electronic equipment and components in 
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2 
the vicinity of the MOVs. The destruction of electrical equip 
ment or components in the electrical distribution system can 
disrupt power to buildings or ?oors for prolonged periods of 
time until such components are replaced or repaired. More 
over, the failure of the MOVs in a surge suppression system 
may allow the fault condition to reach the sensitive electronic 
equipment the system was designed to protect. 

In US. Pat. No. 6,040,971 to Martenson et al., entitled 
CIRCUIT PROTECTION DEVICE, there is disclosed a volt 
age suppression device for protecting an array of metal oxide 
varistors in a surge suppression system. The device was oper 
able to drop of?ine an entire array of MOVs in the event that 
a voltage surge reached a level wherein one or more of the 
MOVs in the array might catastrophically fail. In the dis 
closed device and system, a trigger MOV was designed to 
have a lower voltage rating than any of the MOVs in the array. 
Thus, the entire array would drop of?ine in the event that a 
surge condition exceeded the voltage rating of the trigger 
MOV. In some instances, however, it may be desirable to 
maintain the array of MOVs active and to drop o?line only 
those MOVs sensing a voltage surge exceeding the voltage 
rating of that particular MOV. 
The present invention provides a circuit protection device, 

and a transient voltage surge suppression system incorporat 
ing such device, to protect an electrical system from cata 
strophic failure due to excessive over-voltage conditions or 
repetitive fault conditions. 

SUMMARY OF THE INVENTION 

In accordance with the present invention, there is provided 
a voltage suppression device for suppressing voltage surges in 
an electrical circuit. The device is comprised of a voltage 
sensitive element having a ?rst surface and a second surface 
and a predetermined voltage rating across the ?rst and second 
surfaces. The voltage sensitive element increases in tempera 
ture as the voltage applied across the ?rst and second surfaces 
exceeds the voltage rating. A ?rst terminal has one end elec 
trically connected to the ?rst surface of the voltage sensitive 
element and the other end of the terminal is connected to a 
ground or neutral line of an electrical circuit. A thermal ele 
ment is electrically connected to the second surface of the 
voltage sensitive element, the thermal element being an elec 
trically conductive solid at room temperature and having a 
predetermined softening temperature. A second terminal has 
one end in electrical connection with the second surface of the 
thermal element and another end connected to an electrical 
power line of an electrical circuit. The voltage sensitive ele 
ment senses the voltage drop between the electrical power 
line and ground or neutral line. The second terminal is main 
tained in contact with the thermal element by the thermal 
element and is biased away therefrom. The second terminal 
moves away from electrical contact with the thermal element 
and breaks the electrical current path if an over-voltage con 
dition sensed by the voltage sensitive element exceeds the 
voltage rating of the voltage sensitive element. Such an over 
voltage causes the voltage sensitive element to heat the ther 
mal element beyond its softening point. An arc shield moves 
from a ?rst position wherein the arc shield allows contact 
between the second terminal and the thermal element to a 
second position wherein the shield is disposed between the 
second contact and the thermal element, i.e., when the second 
terminal moves from electrical contact with the thermal ele 
ment. 

In accordance with another aspect of the present invention, 
there is provided a voltage suppression device for suppressing 
voltage surges in an electrical circuit. The device is comprised 
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of a voltage sensitive element having a predetermined voltage 
rating. The voltage sensitive element increases in temperature 
as voltage applied across the voltage sensitive element 
exceeds the voltage rating. Terminals electrically connect the 
voltage sensitive element betWeen a poWer line of an electri 
cal circuit and a ground or neutral line of the electrical circuit. 
A normally closed, thermal sWitch is electrically connected in 
series With the voltage sensitive element betWeen the poWer 
line and the voltage sensitive element. The thermal sWitch is 
thermally coupled to the voltage sensitive element Wherein 
the thermal sWitch moves from a normally closed position to 
an open position to form a gap betWeen the thermal sWitch 
and the voltage sensitive element When the temperature of the 
voltage sensitive element reaches a level indicating an over 
voltage condition. A non-conductive barrier is operable to 
move into the gap When the thermal sWitch moves to an open 
position. The barrier prevents line voltage surges from arcing 
betWeen the thermal sWitch and the voltage sensitive element. 

It is an object of the present invention to provide a circuit 
protection device to protect sensitive circuit components and 
systems from current and voltage surges. 

It is another object of the present invention to provide a 
circuit protection device as described above to prevent cata 
strophic failure of a transient voltage surge suppression 
(TVSS) system Within a circuit that may occur from repetitive 
circuit faults or from a single fault of excessive proportion. 
A further object of the present invention is to provide a 

circuit protection device as described above that includes a 
current suppression device and a voltage suppression device. 

Another object of the present invention is to provide a 
circuit protection device as described above for protecting a 
transient voltage surge suppression system having metal-ox 
ide varistors (MOVs). 
A still further object of the present invention is to provide 

a circuit protection device as described above that includes a 
metal-oxide varistor as a circuit-breaking device. 
A still further object of the present invention is to provide 

a circuit protection device as described above that is modular 
in design and easily replaceable in a circuit. 

These and other objects and advantages Will become appar 
ent from the folloWing description of a preferred embodiment 
of the present invention taken together With the accompany 
ing draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention may take physical form in certain parts and 
arrangement of parts, a preferred embodiment of Which Will 
be described in detail in the speci?cation and illustrated in the 
accompanying draWings Which form a part hereof, and 
Wherein: 

FIG. 1 is an exploded, pictorial vieW of a circuit protection 
device illustrating a preferred embodiment of the present 
invention; 

FIG. 2 is a cross-sectional, side vieW of the circuit protec 
tion device shoWn in FIG. 1 shoWing the device in a normal 
operating con?guration; 

FIG. 3 is a cross-sectional, side vieW of the circuit protec 
tion device shoWn in FIG. 1 shoWing the device after actua 
tion by a fault condition; 

FIG. 4 is a partially sectioned, top-plan of the circuit pro 
tection device shoWn in FIG. 1; 

FIG. 5 is a partially sectioned, front elevational vieW of the 
circuit protection device shoWn in FIG. 1; 

FIG. 6 is a partially sectioned, back elevational vieW of the 
circuit protection device shoWn in FIG. 1; 
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4 
FIG. 7 is a schematic vieW of a circuit protection array 

comprised of ten circuit protection devices as shoWn in FIG. 

1; 
FIG. 8 is a partially sectioned, perspective vieW of the 

circuit protection device, illustrating a ?rst alternate embodi 
ment of the present invention; 

FIG. 9 is a schematic vieW of a circuit protection array 
comprised of ten circuit protection devices as shoWn in FIG. 
8; 

FIG. 10 is an exploded, pictorial vieW of a circuit protec 
tion device illustrating a second alternate embodiment of the 
present invention; 

FIG. 11 is a cross-sectional, front vieW of the circuit pro 
tection device shoWn in FIG. 10; 

FIG. 12 is a cross-sectional, plan vieW of the circuit pro 
tection device shoWn in FIG. 10; 

FIG. 13 is a cross-sectional, side vieW of the circuit pro 
tection device shoWn in FIG. 10; 

FIG. 14 is a partially sectioned, front vieW of the circuit 
protection device shoWn in FIG. 10, shoWing the device after 
it has been “triggered” by a fault condition; 

FIG. 15 is a partially sectioned, side vieW of the circuit 
protection device shoWn in FIG. 14; 

FIG. 16 is a schematic vieW of a circuit protection array 
comprised of ten circuit protection devices as shoWn in FIG. 
10; and 

FIG. 17 is a perspective vieW of a circuit protection device 
and base assembly, illustrating another embodiment of the 
present invention. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENT 

Referring noW to the draWings Wherein the shoWings are 
for the purpose of illustrating a preferred embodiment of the 
invention only, and not for the purpose of limiting same, FIG. 
1 is an exploded perspective vieW of a transient voltage sup 
pression device 10 for use With a poWer distribution system 
for preventing voltage fault conditions from reaching a sen 
sitive circuit load. 

Voltage suppression device 10 is generally comprised of a 
voltage sensitive element 12 that is contained Within a hous 
ing 20. Housing 20 is comprised of a base section 22 and a 
cover section 24. Base section 22 is adapted to receive and 
hold the operative elements of a voltage suppression device 
10. To this end, base section 22 includes a generally planar 
bottom Wall portion 32 . A generally U- shaped structure, com 
prised of a hack Wall 34 and opposed side Walls 36, extends 
from bottom Wall 32. Side Walls 36 are formed to de?ne a 
cavity 42 adjacent to back Wall 34. Cavity 42 is dimensioned 
to receive voltage sensitive element 12. In the embodiment 
shoWn, voltage sensitive element 12 is rectangular in shape, 
and therefore, cavity 42 is rectangular in shape. As Will be 
appreciated by those skilled in the art, voltage sensitive ele 
ment 12 may be cylindrical in shape, and thus the bottom 
portion of cavity 42 may be semi-cylindrical in shape to 
receive a cylindrical element. 

Referring noW to voltage sensitive element 12, in accor 
dance With the present invention, such element is voltage 
sensitive and operable to heat up When a voltage applied 
across the device exceeds a preselected voltage. In accor 
dance With the present invention, voltage sensitive element 12 
is preferably comprised of a metal-oxide varistor. 
By Way of background, MOVs are primarily comprised of 

Zinc oxide granules that are sintered together to form a disc. 
Zinc oxide, as a solid, is a highly conductive material. HoW 
ever, minute air gaps or grain boundaries exist betWeen the 
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sintered Zinc oxide granules in a MOV, and these air gaps and 
grain boundaries inhibit current ?oW at loW voltages. At 
higher voltages, the gaps and boundaries betWeen the Zinc 
oxide granules are not Wide enough to block current How, and 
thus the MOV becomes a highly conductive component. This 
conduction, hoWever, generates signi?cant heat energy in the 
MOV. MOVs are typically classi?ed and identi?ed by a 
“nominal voltage.” The nominal voltage of an MOV, typically 
identi?ed by VMDC), is the voltage at Which the device 
changes from an “off state” (i.e., the state Where the MOV is 
generally non-conductive) and enters its conductive mode of 
operation. 

Importantly, this voltage is characterized at the 1 mA point 
and has speci?ed minimum and maximum voltage levels, 
referred to hereinafter as VMIN and V M AXrespectively. By Way 
of example, and not limitation, a metal-oxide varistor (MOV) 
having a nominal varistor voltage, VMDC), of 200 volts may 
actually exhibit a change from its generally non-conductive to 
its conductive state at a voltage betWeen a minimum voltage, 
VMIN, of 184 volts and a maximum voltage, VMAX, of 228 
volts. This range of operating voltages for a MOV of a rated 
nominal voltage VMDC) is the result of the nature of the 
device. In this respect, the actual voltage value of a MOV 
basically depends on the thickness of the MOV and on the 
number and siZe of the Zinc oxide granules disposed betWeen 
the tWo electrode surfaces. At the present time, it is simply 
impossible, because of the construction and composition of 
metal-oxide varistors, to produce identical devices having 
identical operating characteristics. 

Thus, although MOV 12 of over-voltage protection device 
10 preferably has a rated “nominal voltage” VMDC) at 1 mA, 
the actual voltage at Which MOV 12 and every other MOV 
changes from a non-conducting state to a conducting state 
may vary betWeen a VMIN and a VMAX for the rated nominal 
voltage value. In the context of the present invention, the 
minimum voltage VMlNof the selected MOV 12 is important, 
as Will be discussed in greater detail beloW. 

Referring again to base section 22 of housing 20, as best 
seen in FIGS. 144, cavity 42 is dimensioned to be signi? 
cantly deeper (i.e. thicker) than the thickness of MOV 12, for 
reasons that shall be described in greater detail beloW. 

Each sideWall 36 includes a slot 44 that is spaced from 
cavity 42 to de?ne a Wall or rail 46 of predetermined thick 
ness. Slots 44 in opposed side Walls 36 are aligned With each 
other and extend a predetermined length from the free, upper 
ends of side Wall 36 toWard bottom Wall 32. 
A pair of contact elements 52, 54 are provided for electrical 

attachment to the opposite sides of MOV 12. Referring noW to 
FIGS. 244 and 6, contact element 54 includes a generally 
V-shaped body, designated 54a, having a generally ?at mid 
section 54b and a ?at elongated leg portion 54c extending 
from one end thereof. Contact element 54 is dimensioned 
such that mid-section 54b is attached to surface 12b of MOV 
12 by an electrically conductive material, designated 58 in the 
draWings. Conductive material 58 is preferably formed of a 
high temperature, metallic solder such as silver, lead or alloys 
thereof. With mid-section 54b attached to surface 12b of 
MOV 12, leg portion 54c is dimensioned to extend through an 
opening in bottom Wall 32 of base section 22 and to project 
therefrom. The projecting portion of leg portion 54c is pro 
vided as a negative lead for attachment to a ground or neutral 
line on an electrical circuit, as shall be described hereinafter. 
In accordance With one aspect of the present invention, con 
tact element 54 is formed of a spring metal. As best seen in 
FIGS. 2 and 3, contact element 54 is disposed betWeen MOV 
12 and back Wall 34 of base section 22 . V- shaped body portion 
54a of contact element 54 is dimensioned to force MOV 12 
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6 
aWay from back Wall 34 When MOV 12 is inserted into cavity 
42. In other Words, in addition to being an electrically con 
ductive component, contact element 54 acts as a spring to 
force MOV 12 aWay from back Wall 34 into contact With rail 
46. As indicated above and best seen in FIGS. 2 and 3, cavity 
42 is signi?cantly Wider than the thickness of MOV 12. 

In accordance With one aspect of the present invention, 
cavity 42 and contact element 54 alloW housing 20 to receive 
MOVs of different thicknesses. In this respect, many MOVs 
are formed to have the same overall shape, but vary only in 
thickness. The thickness of the MOV determines the rated 
“nominal voltage” VMDC) of MOV 12. By providing a deep 
cavity 42 and contact element 54 having a spring biasing 
feature, different MOVs 12 of varying thicknesses may be 
used in housing 20, thereby enabling the formation of a volt 
age suppression device 10 having different voltage ratings. 
Regardless of the thickness of the MOV used, contact element 
54 forces the MOV against rail 46, thereby positioning sur 
face 12a of MOV 12 in the same relative position Within 
housing 20. 

Referring noW to FIGS. 143 and 5, contact element 52 is 
best seen. Contact element 52 is comprised of a short body 
portion 52a having an elongated leg portion 52b and an elon 
gated arm portion 52c. As best seen in FIG. 5, leg portion 52b 
and arm portion 52c extend from opposite ends of body 
portion 52a in opposite directions. As best seen in FIG. 3, the 
end of arm portion 52c is bent to de?ne a ?at elboW portion 
52d and a ?at ?nger portion 52e. Arm portion 52d and ?nger 
portion 52e de?ne a generally J-shaped con?guration at the 
end of arm portion 52c. 

Like contact element 54, contact element 52 is formed of a 
conductive spring metal. In a normal con?guration, body 
portion 52a, leg portion 52b and arm portion 52c are ?at and 
lie in the same general plane. ElboW portion 52d and ?nger 
portion 52e are bent to one side of this plane. Contact element 
52 is mounted to base section 22 in a generally rectangular 
mounting boss 72 that extends from both bottom Wall 32 and 
a side Wall 36. Mounting boss 72 includes a slot 74, best seen 
in FIG. 1, dimensioned to receive body portion 52a. An open 
ing that communicates With slot 74 extends through bottom 
Wall 32. The opening is dimensioned to receive leg portion 
52b of contact element 52. Slot 74 is dimensioned such that 
contact element 52 may be press-?t into mounting boss 72, 
With a portion of leg portion 52b extending through and 
beyond bottom Wall 32 of base section 22, as seen in FIGS. 2 
and 3. Contact element 52 is dimensioned such that arm 
portion 52c extends from mounting boss 72. In accordance 
With the present invention, arm portion 52c is forced hack 
toWard MOV 12 and is held in position by a solder material 82 
that secures planar elboW portion 52d to surface 12a of MOV 
12. Unlike high temperature solder 58, solder material 82 is 
preferably formed of a material that has a relatively loW 
softening temperature or melting temperature. A melting 
temperature, metal alloy or a polymer having a loW softening 
temperature may be used. Speci?cally, solder material 82 is 
preferably a solid at room temperature (250 C.), and is a solid 
up to temperatures around 35° C. Preferably solder material 
82 has a melting temperature or a softening temperature of 
betWeen about 70° C. and about 140° C., and more preferably, 
has a melting temperature or a softening temperature of 
betWeen about 90° C. and about 100° C. 

In the embodiment shoWn, solder material 82 is formed of 
an electrically conductive material or fusible alloy that has a 
melting temperature of about 95° C. The exposed surface of 
the Zinc oxide granules of MOV 12 alloWs the solder material 
82 to adhere to the surface of MOV 12. When soldered to 
MOV 12, arm portion 52c of contact element 52 is in a ?rst 



US RE42,319 E 
7 

position, best seen in FIG. 2. Absent solder material 82, arm 
portion 52c Would move aWay from MOV 12 to its normal 
planar con?guration aligned With body portion 52a and leg 
portion 52b. Solder material 82, thus maintains contact ele 
ment 52 in electrical contact With surface 12a of contact MOV 
12. In this respect, contact element 52 is adapted to be a 
positive lead that is connectable to a poWer line of a circuit as 
shall be hereinafter be described. 
As best seen in FIG. 2, ?nger portion 52e of contact ele 

ment 52 is dimensioned to traverse a plane de?ned by oppos 
ing slots 44 in side Walls 36. More speci?cally, ?nger portion 
52e is dimensioned to support an arc shield 88. Arc shield 88 
is a rectangular plate formed of an electrically non-conduc 
tive material such as plastic, glass, ceramics or a composition 
thereof. Arc shield 88 dimensioned to be freely slideable 
Within slots 44. With ?nger portion 52e of contact element 52 
maintained in its ?rst position, arc shield 88 rests upon ?nger 
portion 52e and is maintained in a ?rst position at the upper 
end of slot 44, as best seen in FIG. 2. 

Cover portion 24 of housing 20 is generally rectangular in 
shape and de?nes a cavity that is dimensioned to enclose base 
section 22 and the components mounted thereon. Cover sec 
tion 24 is adapted to be attached to base section 22. Cover 
section 24 and base section 22 are preferably formed of a 
molded plastic material and may be joined by ultrasonic 
Welding. In the embodiment shoWn, apertures 26 are formed 
in cover section 24 to receive tabs 28 projecting from side 
Walls 36 of base section 22, as seen in FIG. 5. Cover section 
24 is secured to base section 22 in snap lock fashion as is 
conventionally knoWn. 

Referring noW to the operation of voltage suppression 
device 10, one or more voltage suppression devices 10 may be 
used together to protect a circuit against an over-voltage fault. 
FIG. 7 schematically shoWs a voltage suppression system 90 
comprised of ten voltage suppression devices 10. Each volt 
age suppression device 10 in system 90 has the same rated 
“nominal voltage” VMDC) and a peak current surge rating. 
The current surge protection afforded by system 90 is thus ten 
roughly times the peak current surge rating of a voltage sup 
pression device 10 used in system 90. For example, if each 
voltage suppression device 10 has a peak current surge rating 
of 10,000 amps, system 90 has a peak current surge rating of 
100,000 amps. As indicated above, although each voltage 
suppression device 10 may have the same “rated nominal 
voltage,” in actuality, the “rated nominal voltage” of each of 
the MOVs Within a voltage suppression device 10 may vary 
betWeen a VMIN and a VMAX. As a result, the current surge 
experienced by each voltage suppression device 10 may not 
occur at the same instant, as shall hereinafter be described. 

Each voltage suppression device 10 is connected across a 
poWer line designated 92 and a ground or neutral line desig 
nated 94. Speci?cally, contact element 52 of each voltage 
suppression device 10 is connected to poWer line 92 and 
contact element 54 of each voltage suppression device 10 is 
connected to ground or neutral line 94. In the embodiment of 
voltage suppression system 90 shoWn, a fuse element 96 
precedes suppression system 90 and poWer line 92 to prevent 
an over-current condition in excess of What system 90 can 
handle from reaching system 90 and the circuit to be protected 
(not shoWn). In the system described above, i.e., a system 90 
having ten voltage suppression devices 10, each having a 
peak current surge rating of 10,000 amps, fuse element 96 
Would have a current rating of about 100,000 amps. When 
connected as shoWn in FIG. 7, MOV 12 of each voltage 
suppression device 10 senses the voltage across poWer line 92 
and ground or neutral line 94. Absent any over-voltage fault 
condition, each voltage suppression device 10 has a ?rst state, 
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8 
as depicted in FIG. 2, Wherein elboW portion 52d of contact 
element 52 is in electrical contact With surface 12a of MOV 
12 through loW temperature solder material 82. 

During a fault, an over-current condition or an over-voltage 
condition may appear. In the event of a high over-current 
condition that is in excess of the total peak current surge 
ratings for all devices 10 in system 90, fuse element 96 Will 
open, thereby disconnecting system 90 from the electrical 
supply and preventing damage to the system components. In 
the event of an over-voltage condition or repetitive pulse 
condition, MOVs 12 of voltage suppression devices 10 Will 
experience an overvoltage condition. When this occurs, ther 
mal energy is created by the surge current and each MOV 12 
begins absorbing energy and dissipating such energy as heat. 
As the voltage across an MOV 12 becomes larger, electrical 
conductivity of the MOV 12 increases and increased amounts 
of heat are thereby generated. As indicated above, because the 
actual characteristics of each MOV 12 are not identical, one 
MOV Will have a loWer energy rating and a faster thermal 
response time as contrasted to the others. Thus, various 
MOVs Will heat up more rapidly than other MOVs Within 
voltage suppression system 90. If the fault condition is severe 
enough, the MOV of one or more voltage suppression devices 
10 Will heat up to the melting temperature of loW temperature 
solder material 82. When this occurs, arm portion 52c of 
contact element 52 is no longer held in its ?rst position (as 
shoWn in FIG. 2). When solder material 82 melts, arm portion 
52c is free to move aWay from surface 12a of MOV 12, as the 
spring metal material forming contact element 52 seeks to 
return to its normal planar con?guration. As arm portion 52c 
moves aWay from MOV 12, the conductive path through 
MOV 12 is broken thus effectively taking the related circuit 
suppression device 10 “off-line.” At the same time, arm por 
tion 52c of contact element 52 breaks aWay from MOV 12, it 
also moves aWay from and no longer supports arc shield 88. 
Without the support or arm portion 52c, arc shield 88 drops 
doWn to the bottom of slot 44 under the in?uence of gravity to 
a position Wherein arc shield 88 is disposed betWeen arm 
portion 52c and surface 12a of MOV 12. In this position, 
shield 88 prevents subsequent arcing betWeen arm portion 
52c and MOV 12. 
When one voltage suppression device 10 drops “off-line,” 

the current surge rating of the entire suppression system 90 is 
reduced. Using the example set forth above, if one voltage 
suppression device 10 drops “off-line,” system 90 Will lose 
the 10,000 ampere surge capability of the dropped device 10, 
but Would still have a current surge rating of 90,000 amps, 
until such time as the off-line suppression device 10 is 
replaced. 
The present invention thus provides a voltage suppression 

device 10 that may be used alone or in conjunction With other 
similar devices to form a voltage suppression system. Device 
10 is a self-contained unit that is operable to suppress voltage 
spikes in a circuit and drop off-line When the voltage spike 
signi?cantly exceeds the rated nominal voltage of the device 
to be protected thereby preventing catastrophic failure of the 
same. 

Referring noW to FIG. 8, an alternate embodiment of the 
present invention is shoWn. FIG. 8 basically shoWs a base 
section 22 having MOV element 12 and contact elements 52 
and 54 mounted thereto. The device shoWn in FIG. 8 is essen 
tially the same as the embodiment previously described With 
respect to FIGS. 1*6, the difference being that a third contact 
element designated 56 is provided. Contact element 56 is a 
straight ?at strip of a conductive metal. Contact element 56 is 
secured to surface 12a of MOV 12 by a high-temperature 
solder 68 that is similar to the high-temperature conductive 



US RE42,319 E 
9 

material 58 securing contact element 54 to surface 12b of 
MOV 12. Contact element 56 is dimensioned to extend 
through an opening (not shown) in bottom Wall 32 and to 
project therebeyond. Contact element 56 provides an indica 
tor lead that is attachable to an indicator device such as a light, 
alarm or the like, or may be used as a lead attached to a 

computer terminal to monitor the “state” of voltage suppres 
sion device 10. In this respect, so long as elboW portion 52d 
remains in contact With surface 12a of MOV 12, poWer sensed 
by contact 52 is connected to contact element 56 along the 
conductive surface 12a of MOV 12. In the event of an over 
voltage condition Wherein elboW portion 52d of contact ele 
ment 52 disconnects from surface 12a of MOV 12, current to 
contact element 56 ceases. This change of state from a con 

ductive state to a non-conductive state may be used to provide 
an indication of When voltage suppression device 10 has been 
tripped. 

In this respect, FIG. 9 shoWs voltage suppression system 
90, as previously shoWn in FIG. 7, including contact element 
56 connected to an indicator, designated 98. By Way of 
example, the fourth voltage sensitive suppression device 10 
from the left is shoWn “tripped” (i.e. elboW portion 52d has 
moved aWay from surface 12a) an indicator 98 is shoWn as 
non-illuminated. As indicated above, contact element 56 may 
be connected to a remote monitoring system that is operable 
to detect the change in electrical condition of contact element 
56 and thereby provide an indication of the voltage suppres 
sion devices 10 in array 90 has “tripped” and needs replace 
ment. 

The embodiments shoWn heretofore are adapted for use in 
a speci?c orientation. In this respect, arc shield 88 is operable 
under gravity to move to an insulating position betWeen arm 
portion 52c and surface 12a of MOV 12. It Will of course be 
appreciated that some applications may require positioning of 
a voltage suppression device 10 in other than an upright 
position. 

FIGS. 10*15 shoW a transient suppression voltage device 
100, illustrating an alternate embodiment of the present 
invention that is operable in any orientation and that includes 
means for providing visual and electronic indications of a 
“tripped” device. 

Voltage suppression device 100 is generally comprised of a 
voltage sensitive element 112 that is contained Within hous 
ing 120. Housing 120 is comprised of a base section 122 and 
a cover section 124. Base section 122 is adapted to receive and 
hold the operative elements of voltage suppression device 
100. To this end, base section 122 includes a planar bottom 
Wall portion 132 and a generally U-shaped structure com 
prised of a back Wall 134 and opposed sideWalls 136 that 
extend from bottom Wall 132. A slotted rail 138 is formed 
along the inner surface of each sideWall 136. Rails 138 are 
disposed in alignment With each other and extend generally 
perpendicularly from bottom Wall 132. A cylindrical cavity, 
designated 138a, is de?ned at the bottom of the slot in slotted 
rails 138. Cavity 138a is dimensioned to receive a compres 
sion spring 139, as best seen in FIG. 10. A short Wall section 
142 extends betWeen sideWalls 136. Wall section 142 is dis 
posed to one side of the slot in slotted rails 138, and includes 
a centrally located, rectangular notched area 143. A cavity 
144 is de?ned betWeen short Wall 142 and back Wall 134. 
Cavity 144 (see FIG. 12) is dimensioned to receive voltage 
sensitive element 112. Voltage sensitive element 112 is a 
metal oxide varistor (MOV) of the type heretofore described 
in the prior embodiment. Voltage sensitive element 112 is 
preferably rectangular in shape to ?t Within cavity 144, but 
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10 
may also be cylindrical in shape in Which case the bottom 
portion of cavity 144 Would be semi-cylindrical to receive the 
cylindrical MOV. 
A pair of electrical contact elements 152, 154 are provided 

for electrical attachment to the opposite sides of MOV 112. 
Contact element 154, best seen in FIGS. 12 and 13, includes 
a generally V-shaped body, designated 154a, having a gener 
ally ?at mid-section 154b and a ?at elongated leg portion 
154c (see FIG. 13). Contact element 154 is dimensioned such 
that mid-section 154b is attached to the surface of MOV 112 
by an electrically conducting material, designated 158 in the 
draWings. Conductive material 158 is preferably formed of a 
high temperature metallic solder such as silver, lead or alloys 
thereof. Mid-section 154b is attached to the surface of MOV 
112 such that leg portion 154c extends through an opening in 
bottom Wall portion 132 of base section 122. The projecting 
portion of leg portion 154c is provided as a negative lead for 
attachment to a ground or neutral line of an electrical circuit. 
As discussed in the previous embodiment, contact element 
154 is preferably formed of a spring metal to act as a spring to 
force MOV 112 aWay from back Wall 134 and into contact 
against slotted rails 138. 
As best seen in FIG. 11, contact element 152 is comprised 

of a short body portion 152a having an elongated leg portion 
152b and an elongated arm portion 152c. Leg portion 152b 
and arm portion 152c extend from opposite ends of body 
portion 152a in opposite directions. Like contact element 
154, contact element 152 is preferably formed of conductive 
spring metal. In a normal con?guration, body portion 152a, 
leg portion 152b and arm portion 152c are ?at and lie in the 
same general plane. Contact element 152 is mounted to base 
section 122 in a generally rectangular mounting boss 172 that 
extends from bottom Wall 132 betWeen side Walls 136. 
Mounting boss 172 includes a slot dimensioned to receive 
body portion 152 and an opening through bottom Wall 132 
that communicates With the slot. An opening is dimensioned 
to receive leg portion 152b of contact element 152. The slot 
and the opening in mounting boss 172 are dimensioned such 
that contact element 152 may be press-?t into mounting boss 
172 With a portion of leg portion 152b extending through and 
beyond bottom Wall portion 132. 
As best illustrated in FIG. 13, contact element 152 is 

dimensioned such that arm portion 152c extends upWard from 
mounting boss 172. Arm portion 152c is adapted to be bent 
backWard toWard MOV 112 and to be held against the surface 
ofMOV 112 by a solder material 182, as best seen in FIG. 13. 
Arm portion 152c is held in electrical contact With the surface 
of MOV 112 by a solder material 182 of the type heretofore 
described in the prior embodiment, i.e., a material that has a 
relatively loW softening temperature. 
An arc shield 188 is provided betWeen contact element 152 

and MOV 112, as best seen in FIG. 13. Arc shield 188 is 
basically a ?at plate dimensioned to be freely slideable Within 
the slot de?ned by slotted rail 138. Arc shield 188 includes a 
pair of elongated arms, designated 188a, that extend upWard 
from the upper edge thereof. The loWer ends of arms 188a are 
dimensioned to abut compression springs 139, as best seen in 
FIG. 14. Arc shield 188 has a ?rst position, shoWn in FIG. 13, 
Wherein arc shield 188 is held near bottom Wall portion 132 
against the biasing force of compressed springs 139 by con 
tact element 152. Arc shield 188 is formed of an electrically 
nod-conductive material such as plastic, glass, ceramic or a 
composition thereof. 
As best seen in FIG. 10, a plurality ofapertures 192, 194 are 

formed in the upper surface of cover 124. Apertures 192 are 
larger than apertures 194 and are disposed on cover 124 to be 
in alignment With arm portions 188a of arc shield 188 Aper 














