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(57) ABSTRACT 

A novel connector pair Suppresses arcing during connection 
and disconnection. In one general aspect of the invention, first 
and second insulating barriers are configured to extend 
beyond corresponding first and second contacts, the barriers 
being arranged to cover a leading end of at least one of the 
contacts, and to engage with each other when the contacts are 
separated by a small gap, thereby closing off Substantially all 
through-air arcing paths between them. In another general 
aspect of the invention, at least one electrical contact in a 
connector pair is a bimetal contact having a transitional seg 
ment made from high resistivity metal. The transitional seg 
ment is configured to make first and last contact during the 
initial phases of mating and un-mating, thereby increasing 
electrical resistance and significantly lowering the electrical 
current and the energy available for electrical arcing. 

18 Claims, 7 Drawing Sheets 
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1. 

ELECTRICAL CONNECTOR WITH 
ANT-ARCING FEATURE 

FIELD OF THE INVENTION 

The invention relates to electrical connectors, and more 
particularly, to an electrical connector that Suppresses arcing 
if connected or disconnected while current is flowing. 

BACKGROUND OF THE INVENTION 

Electrical connectors generally should not be connected or 
disconnected while the electrical load is turned on. Electrical 
arcing between the separated contacts of a live electrical 
connector presenta hazard offire and ofburns to the user, and 
any such arcing tends to reduce the useful life of the connec 
tOr. 

Nevertheless, due to the fallibility of human nature, it 
remains true that electrical connectors may at times be inad 
vertently connected or disconnected while the electrical load 
is turned on. When the electricity is alternating current, arcing 
is less of a problem, because the sinusoidal nature of the 
alternating current will cause the Voltage to be Zero at Some 
point during the electrical contact separation, and any arcing 
will tend to self-extinguish. However, when the electricity is 
direct current, the Voltage is constant and never Zero, and 
electrical arcing between the separating contacts will be 
maintained over a Substantial range of contact separations, 
creating a burn hazard for the user and reducing the useful life 
of the connector. 
One approach is to provide a separate, shorter set of con 

tacts within the connector, and configure the connector so that 
the shorter contacts are engaged after and disengaged before 
the primary electrical connections. The lack of current across 
the shorter connection is then used to trigger a separate 
Switching device placed in the primary electrical circuit that 
shuts off the current in the circuit before the separation of the 
primary electrical connections. However, adding an addi 
tional contact and Switching device increases both the bulk 
and the cost of the system. 

Another approach is to include an insulating barrier that 
covers the leading end of one of the electrical contacts and 
blocks the direct through-air path between the contacts as the 
connectors are mated and un-mated. However, in this 
approach arcing can still occur through an indirect path that 
by-passes the insulating barrier. 
What is needed, therefore, is an electrical connector that 

Suppresses electrical arcing between separated contacts dur 
ing connection and disconnection, without adding an addi 
tional connection and Switching device. 

SUMMARY OF THE INVENTION 

A novel connector pair Suppresses electrical arcing 
between separated contacts during mating and un-mating of 
the connectors, without including an additional connection or 
Switching device. One general aspect of the invention 
includes an insulating barrier that Suppresses arcing between 
separated contacts during connection and disconnection of 
the electrical contacts. The insulation barrier of the present 
invention thereby protects users from electrical burns and 
extends the useful life of the connector. 
The insulating barrier includes both a male and a female 

barrier, at least one of which is configured so that it extends 
beyond at least one of the contacts and covers the leading edge 
of the contact. The male and female barriers engage with each 
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2 
other when the contacts are separated, thereby closing off all 
through-air paths between the contacts and Suppressing arc 
ing. 

In embodiments, arcing between separated contacts is fur 
ther Suppressed by constructing the leading edge of at least 
one of the electrical contacts from a metal having low elec 
trical conductivity, so that the electrical resistance of the 
connection is significantly increased immediately before the 
contacts are separated, thereby lowering the electrical current 
and the energy available for electrical arcing, without adding 
an additional connection or any special Switching circuitry. 

In another general aspect of the present invention, at least 
one of the electrical contacts in at least one of the connectors 
is a bi-metal contact having a metallic composition that is 
configured to create within the contact an operating segment 
that has low resistance and a transitional segment that has 
high resistance, where the transitional segment makes exclu 
sive initial and final contact during mating and un-mating of 
the connectors, and the operating segment conducts current 
when the connectors are fully mated. In embodiments, the 
transitional segment is located at the leading end of the elec 
trical contact. 
The features and advantages described herein are not all 

inclusive and, in particular, many additional features and 
advantages will be apparent to one of ordinary skill in the art 
in view of the drawings, specification, and claims. Moreover, 
it should be noted that the language used in the specification 
has been principally selected for readability and instructional 
purposes, and not to limit the scope of the inventive subject 
matter. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1A is a partial cross-sectional diagram of a prior art 
male and female connector pair in a connected configuration; 

FIG. 1B is a partial cross-sectional diagram of the prior art 
connector pair of FIG. 1A showing arcing during disconnec 
tion; 

FIG. 2A is a partial cross-sectional diagram of a male and 
female connector pair in a connected configuration according 
to an embodiment of the present invention; 

FIG. 2B is a partial cross-sectional diagram of the connec 
tor pair of FIG. 2A, showing Suppression of arcing by the 
insulating barrier during disconnection; 

FIG. 3A is a top view of a male and female connector pair 
shown in a connected configuration according to an embodi 
ment of the present invention. 
FIG.3B is a cross-sectional side view of the connector pair 

of FIG. 3A: 
FIG. 4A is a top view of the male and female connector pair 

of FIG. 3A shown in a partially disconnected configuration. 
FIG. 4B is a cross-sectional side view of the connector pair 

of FIG. 4A; 
FIG.5A is a partial cross-sectional side view of a connector 

pair similar to FIG. 2A, but including a contact having a 
leading segment made from a high resistance metal; and 

FIG. 5B is a cross-sectional side view of the connector pair 
of FIG. 5A, shown in a partially disconnected configuration. 

DETAILED DESCRIPTION 

With reference to FIG. 1A, a typical male and female 
connector pair of the prior art includes a male contact 100 and 
a female contact 102. One of the contacts (here the female 
contact 102) is flexible and is placed under tension by a spring 
112 so that a shaped region of the contact 102 will ride over 
the leading end of the male contact 100 and press against a 
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connecting surface of the male contact 100 when the connec 
tors are mated. Insulated housings 104,106 surround the male 
and female contacts, and shield the contacts from environ 
mental hazards, as well as providing some protection to a user 
in case arcing occurs when the user is handling the connector 
pair. In the prior art example of FIG. 1A, additional insulating 
structures 108,110 are provided proximal to the outerfaces of 
the contacts 100,102 to support the contacts 100, 102, and to 
provide receiving channels for the two insulating housings 
104,106 to mate. A spring 112 is also included to provide a 
pressing tension between the flexible female contact 102 and 
the fixed male electrical contact 100. 

FIG. 1B shows the connector pair of FIG. 1A having been 
partially disconnected while a Voltage is still being applied. 
The leading ends of the two contacts 100, 102 are separated 
by a short gap, and through-air electrical arcing 114 is taking 
place between them. 

FIG. 2A is a partial cross-sectional illustration of an 
embodiment of the present invention, shown in a connected 
configuration. The embodiment is similar to the prior art 
design of FIG. 1A, except that the insulating Support struc 
tures 108, 110 have been replaced by insulating barrier struc 
tures 200, 202. The male insulating barrier structure 200 
extends beyond the male contact 100, and covers the leading 
end of the male contact 100. The female insulating barrier 202 
extends beyond the female contact 102. In this embodiment, 
the female barrier 202 is in front of the leading end of the 
female contact. In similar embodiments it covers or nearly 
covers the end of the female contact. 

FIG. 2B is a partial cross-sectional illustration of the 
embodiment of FIG. 2A shown in a partially disconnected 
configuration. Although the ends of the two contacts 100,102 
are not separated by a large distance, the male insulating 
barrier 200 is very near to or physically in contact with the 
femail insulating barrier 202, thereby blocking substantially 
all through-air arcing paths between the contacts 100, 102. 
Some embodiments include a spring or other tensioning 
mechanism that presses the male and female insulating bar 
riers against each other when the connectors are partially 
disconnected. 

FIG. 3A is a top view of the complete connector pair of 
which FIGS. 2A and 2B are partial cross sections, shown in a 
connected configuration. FIG. 3B is a cross-sectional side 
view of the complete connector of FIG. 3A. FIG. 4A is a top 
view of the complete connector pair of which FIGS. 2A and 
2B are partial cross sections, shown in a partially discon 
nected configuration. FIG. 4B is a cross-sectional side view of 
the complete connector of FIG. 4A. 

With reference to FIGS. 5A and 5B, the suppression of 
arcing of the present invention is enhanced in Some embodi 
ments by manufacturing the leading end of at least one of the 
contacts 100 from a metal such as nickel-chrome or stainless 
steel that has a high electrical resistance 500. FIG. 5A is a 
partial cross-sectional side view of an embodiment similar to 
FIG. 2A, except that the leading end 500 of the male contact 
100 is made from high resistance metal. The figure shows the 
connector in a connected configuration, where the female 
contact 102 physically engages with a part of the male contact 
100 that is low resistance, for example copper. 

FIG. 5B is a cross-sectional view of the embodiment of 
FIG. 5A shown in a partially disconnected configuration, 
where the female contact 102 is engaged with the high resis 
tance end 500 of the male contact 100. It can be seen from the 
figure that during disengagement, the end of the female con 
tact 102 slides from the low resistance portion of the male 
contact 100 onto the high resistance portion 500 of the male 
contact 100, and then onto the male insulating barrier 202 
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4 
which blocks any tendency of the current to arc from the 
female contact 102 to the end 500 of the male contact 100. 
The resistance of the circuit is thereby increased during dis 
connection in two steps, rather than transitioning Suddenly 
from low resistance to near-infinite resistance. 

In another general aspect of the present invention, the 
insulating barriers 200, 202 are omitted, and arcing is Sup 
pressed primarily by manufacturing the leading end of at least 
one of the contacts 100 from a metal such as nickel-chrome or 
stainless steel that has a high electrical resistance 500. 
The foregoing description of the embodiments of the 

invention has been presented for the purposes of illustration 
and description. It is not intended to be exhaustive or to limit 
the invention to the precise form disclosed. Many modifica 
tions and variations are possible in light of this disclosure. It 
is intended that the scope of the invention be limited not by 
this detailed description, but rather by the claims appended 
hereto. 
What is claimed is: 
1. An electrical connector pair, comprising: 
a first connector having a first insulating housing: 
a first electrical contact Supported within the first insulating 

housing, the first electrical contact having a connecting 
Surface that is substantially parallel with a longitudinal 
axis of the insulating housing and terminates in a leading 
end of the first electrical contact; 

a second connector having a second insulating housing: 
a second electrical contact Supported within the second 

insulating housing, the second electrical contact being 
configured to laterally engage with the connecting Sur 
face of the first electrical contact when the first connec 
tor is mated with the second connector; 

a first insulating barrier within the first connector extend 
ing beyond and covering the leading end of the first 
electrical contact; and 

a second insulating barrier extending beyond the second 
electrical contact within the second connector, the sec 
ond insulating barrier being configured so as to be in 
close proximity with the first insulating barrier when the 
first and second connectors are partially disconnected 
and the first and second electrical contacts are separated 
by a short distance, thereby blocking substantially all 
through-air arcing paths between the first and second 
electrical contacts. 

2. The connector pair of claim 1, further comprising a 
contact tensioning mechanism that presses the second elec 
trical contact against the engaging Surface of the first electri 
cal contact when the first and second connectors are con 
nected. 

3. The connector pair of claim 2, wherein the contact ten 
Sioning mechanism includes a spring. 

4. The connector pair of claim 1, further comprising a 
barriertensioning mechanism that presses the first and second 
insulating barriers against each other when the first and sec 
ond connectors are partially disconnected and the first and 
second electrical contacts are separated by a short distance. 

5. The connector pair of claim 1, wherein the first electrical 
contact includes a high resistance section at the leading end, 
the high resistance section being configured to initially 
engage with the second electrical contact when the first and 
second connectors are mated, and to make final engagement 
with the second electrical contact when the first and second 
electrical connectors unmated. 

6. The connector pair of claim 5, wherein the first electrical 
contact is a bi-metal contact, and the high resistance section is 
made of a metal having a higher resistance than other regions 
of the first electrical contact. 
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7. The connector pair of claim 1, wherein at least one of the 
first and second electrical contacts includes a terminal for 
crimping to a wire. 

8. The connector pair of claim 1, wherein at least one of the 
first and second electrical contacts includes a terminal for 
soldering to a printed circuit or wiring board. 

9. The connector pair of claim 1, wherein at least one of the 
first and second electrical contacts includes a terminal for 
Soldering a wire or and electrical component to the contact. 

10. The connector pair of claim 1, wherein at least one of 
the first and second electrical contacts includes a terminal 
using insulation displacement for attaching a wire to the 
COntact. 

11. The connector pair of claim 1, wherein at least one of 
the first and second electrical contacts includes a screw ter 
minal for attaching a wire to the contact. 

12. The connector pair of claim 1, wherein at least one of 
the first or second electrical contact is configured with a 
terminal using a spring mechanism for attaching at least one 
wire to the contact. 

13. An electrical connector pair, comprising: 
a first connector having a first insulating housing: 
a first electrical contact supported within the first insulating 

housing: 
a second connector having a second insulating housing: 
and 

a second electrical contact supported within the second 
insulating housing, the second electrical contact being a 
bi-metal contact having an operating segment through 
which current flows when the connectors are fully 
mated, and a transitional segment through which elec 
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6 
trical current flows exclusively during an initial phase of 
mating and a final stage of un-mating of the connectors, 
the transitional segment having a metallic composition, 
the transitional segment being higher in resistivity than 
the operating segment. 

14. The connector pair of claim 13, wherein the transitional 
segment is at a leading end of one of the electrical contacts. 

15. The connector pair of claim 13, further comprising a 
contact tensioning mechanism that presses one of the electri 
cal contacts against the other electrical contact when the first 
and second connectors are connected. 

16. The connector pair of claim 15, wherein the contact 
tensioning mechanism includes a spring. 

17. The connector pair of claim 13, further comprising: 
a first insulating barrier extending beyond the first electri 

cal contact within the first connector; and 
a second insulating barrier extending beyond and covering 

the leading end of the second electrical contact, the 
second insulating barrier being configured so as to be in 
close proximity with the first insulating barrier when the 
first and second connectors are partially disconnected 
and the first and second electrical contacts are separated 
by a short distance, thereby blocking substantially all 
through-air arcing paths between the first and second 
electrical connectors. 

18. The connector pair of claim 17, further comprising a 
barriertensioning mechanism that presses the first and second 
insulating barriers against each other when the first and sec 
ond connectors are partially disconnected and the first and 
Second electrical contacts are separated by a short distance. 
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