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ELECTRICAL CONNECTOR PLUG CONTINUITY

Cross-Reference to Related Application

[0001] This application is being filed on January 4, 2017 as a PCT International Patent
Application and claims the benefit of U.S. Patent Application Serial No. 62/275,033, filed
on January 5, 2016, the disclosure of which is incorporated herein by reference in its

entirety.

Background

[0002] Electrical connectors, such as shielded multi-pin high voltage connectors, are
adapted to provide high power electrical connections for electrically operated devices such
as motor-generator sets, compressors, heating and cooling units, welders, conveyors,
lighting systems, trailers, etc. in situations where permanent electrical connections are
inconvenient or unavailable. Such connectors typically include various safety features.
For example, some pin and sleeve high voltage plugs and receptacles can handle up to
600V and 100A. Thus, for safety reasons, it is important that the orientation of the pins is
correct when mating corresponding connector components, and that the shells of the
components are properly grounded. Some known connectors use keyed shells to maintain
the correct orientation of the plug and receptacle, and a longer ground pin so that the
ground pins make a connection before the high voltage pins. The shell of the plug and/or
receptacle is internally wired to ground, which is connected to the connector component

ground when the plug is received in the receptacle.

Summary

[0003] Providing proper grounding for electrically powered equipment is important for
safety reasons. For example, the conductive outer shells of an electrical receptacle may be
connected to ground to prevent user contact with dangerous voltage if a current-carrying
conductor in the connector were to inadvertently contact the shell. Further, such
connections to ground may limit the build-up of static electricity when handling
flammable products or electrostatic-sensitive devices, and could mitigate the effects of a
lightning strike. As an added safety measure, the shell of a plug received by the receptacle

may be internally wired to ground, so that the plug shell is grounded when it is received by
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the receptacle. However, if the internal ground wiring were to loosen or become

disconnected, it could go unnoticed until maintenance is performed or an incident occurs.

[0004] In accordance with aspects of the present disclosure, the continuity between the
shell of an electrical connector and its ground contact is monitored. The electrical
connector includes a housing with a plurality of electrical contacts, including the ground
contact, extending therefrom. The connector has a shell with the housing positioned
therein. A monitor circuit is positioned in the housing and configured to determine
continuity between the shell and the ground contact. In some examples, the monitor
circuit includes an output connected to an indicator, such as an LED, that is configured to
output a signal in response to the continuity determination to indicate the condition of the
connection between the ground contact and the connector shell. The connector could be a
high voltage plug or receptacle, for example, with the monitor circuit provided in either or

both of the shell and receptacle.

Brief Description of the Drawings

[0005] Figure 1 is a block diagram illustrating an example connector system in accordance

with aspects of the present disclosure.

[0006] Figure 2 is a perspective view of an example plug of the connector system shown

in Figure 1.

[0007] Figure 3 is a perspective view of an example receptacle of the connector system

shown in Figure 1.

[0008] Figure 4 is a block diagram illustrating aspects of an example connector system in

accordance with aspects of the present disclosure.

[0009] Figure 5 is a perspective view illustrating an example of some components of the

plug shown in Figure 2.

[0010] Figure 6 is a flow diagram illustrating an example of a method for determining
continuity between a ground contact and a connector shell in accordance with aspects of

the present disclosure.

[0011] Figure 7 is a block diagram illustrating aspects of another example connector

system in accordance with aspects of the present disclosure.

2
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[0012] Figure 8 is a block diagram illustrating aspects of another example connector

system in accordance with aspects of the present disclosure.

[0013] Figure 9 is a flow diagram illustrating another example of a method for
determining continuity between a ground contact and a connector shell in accordance with

aspects of the present disclosure.

[0014] Figure 10 is a block diagram illustrating aspects of another example connector

system in accordance with aspects of the present disclosure.

[0015] Figure 11 is a circuit diagram illustrating an example continuity monitoring system

and indicator in accordance with aspects of the present disclosure.

Detailed Description

[0016] In the following Detailed Description, reference is made to the accompanying
drawings, which form a part hereof, and in which is shown by way of illustration specific
examples in which the invention may be practiced. It is to be understood that other
examples may be utilized and structural or logical changes may be made without departing
from the scope of the present invention. The following detailed description, therefore, is

not to be taken in a limiting sense.

[0017] Figure 1 schematically illustrates an example of an electrical connector system 10
in accordance with aspects of the present disclosure. The connector system 10 includes
first and second connectors, which in the illustrated example are a plug 100 and receptacle
102 of a pin and sleeve voltage connector. Figures 2 and 3 show examples of the plug 100
and receptacle 102, respectively. The receptacle 102 is connected to a power source 12,
and the plug 100 is connected to an electrical cord 14 of a device to be powered. When
the plug 100 is mated with the receptacle 102, power is provided to the device via the

connector system 10.

[0018] The plug 100 and receptacle 102 each include a respective conductive shell 110,
112 that encloses electrical contacts 120, 122. Housings 132, 134 in the plug 100 and
receptacle, respectively, hold the electrical contacts 120, 122. The electrical contacts 120,
122 of the plug 100 and receptacle 102 include respective ground contacts 124, 126.
Some pin and sleeve voltage receptacles and plugs, such as the plug 100 and receptacle

102 shown in Figures 1-3, handle up to 600V and 100A. In view of the relatively high
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voltage, it is important to properly ground the plug 100 and receptacle 102. The ground
contact 126 of the receptacle 102 is connected to the ground contact of the power source
12, and the ground contact 124 of the plug is connected to the ground wire of the cord 14,
which connects to the equipment ground. Some embodiments employ longer ground
contacts 124, 126 so that the ground contacts make a connection before the remaining

contacts 120, 122 as the receptacle 100 and plug 102 are mated.

[0019] Further, the shells 110, 112 of the respective plug 100 and receptacle 102 are
internally wired to their respective ground contacts 124, 126 via respective jumpers 128,
130. The shell 112 of the receptacle 102 is connected to ground, and the shell 110 of the
plug 100 is connected to ground by its contact with the shell 112 when it is received by the
receptacle 102. To help insure proper grounding of the shells 110, 112, a slot 114 may be
formed in the receptacle shell 112 with a corresponding key 116 provided on the plug shell
110 to maintain the correct orientation as the plug 110 and receptacle 112 are mated. The
ground jumpers 128, 130 may be connected to the respective key 116 and slot 114 to
further insure a good ground connection between the shells 110, 112 of the plug 100 and
receptacle 102.

[0020] If the internal connection between the ground contacts 124, 126 and their
respective shells 110, 112 is faulty, it could go unnoticed until either maintenance is
performed or an incident occurs. Thus, in the illustrated example connector system 10, a
monitor circuit 200 that is configured to determine continuity between the shell 110, 112
and the respective ground contact 124, 126 is provided in one or both of the plug 100 and
receptacle 102. The monitor circuit 200 is positioned, for example, in the housing 132 of
the plug 100, though it could also be provided in the housing 134 of the receptacle 102 in

addition to, or in place of, the monitor circuit 200 in the plug 100.

[0021] Figure 4 is a block diagram illustrating aspects of the connector system 10. As
noted above, it is important to insure a good connection between the ground contacts 124,
126 and their respective conductive shells 110, 112. In accordance with certain aspects of
the present disclosure, a monitor circuit 200 is provided that is configured to determine
continuity between the shell 110, 112 and the respective ground contact 124, 126. In some
embodiments, the monitor circuit 200 is provided for the plug 100, though the monitor

circuit 200 could be employed on either or both of the plug 100 and/or receptacle 102.
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[0022] The continuity monitor circuit 200 may be positioned in one or both of the
housings 132,134 from which the relevant ground contact 124, 126 extends. The ground
contacts 124, 126 are connected to the respective shells 110, 112 which are grounded. In
the case of the plug 100, the ground contact 124 is connected to the ground wire of the
cable 14 terminated by the plug 100, which connects to the ground terminal of the device
powered via the plug 100. The shell 110 itself of the plug 100 is grounded when it couples
with the shell 110 of the receptacle 102, which is connected to ground.

[0023] The continuity monitor circuit 200 is configured to determine continuity between
the shell 110 and ground contact 124, and/or the shell 112 and ground contact 126. The
circuit 200 provides an output that is received by an indicator 210, which provides a signal
indicating the determined continuity between the shell 110,112 and ground contact 124,

126.

[0024] Figure S illustrates an example of the plug 100 with the shell 110 removed,
showing some the inner components of the plug 100. The plug 100 includes the housing
132 from which the plurality of electrical contacts 120 extend. In the illustrated example,
the contacts 120 are conductive sleeves that receive corresponding conductive pins of the
receptacle 102 when the plug 100 is mated with the receptacle 102. The housing 132 and
sleeves 120 are positioned in the shell 110 as shown in Figures 1 and 2. In some
examples, the indicator 210 is provided to output an indicator signal in response to the
continuity monitor circuit 200. For example, the indicator could an LED that outputs a red

warning light if the monitor circuit 200 determines a bad ground connection.

[0025] Figure 6 is a flow diagram illustrating aspects of an operation method 300 for the
system illustrated in Figures 1-5 and discussed above. In block 302, the continuity
monitor circuit 200 determines continuity between the relevant ground contact 124 or 126
and shell 110 or 112. If the connection between the ground contact 124 or 126 and the
shell 110 or 112 is determined to be satisfactory in block 304, the monitor circuit 200
continues to monitor continuity. If in block 304 it is determined that the ground
connection between the ground contact 124 or 126 and the shell 100 or 112 is faulty, an
indication signal is output at block 306, which is received by the indicator 210 to provide

an alert regarding the potentially faulty ground connection.
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[0026] In some embodiments, additional indicators may be provided. In the example
connector system 10a shown in Figure 7, a second indicator 212 receives an output of the
monitor circuit 200. Referring back to Figure 6, in block 302 the continuity monitor
circuit 200 determines continuity between the ground contact 124 and the shell 110 of the
plug 100, or between the ground contact 126 and shell 112 of the receptacle 102
depending on the system configuration. In block 304, if the connection between the
ground contact 124 or 126 and the shell 110 or 112 is determined to be satisfactory, the
monitor circuit 200 continues to monitor continuity. Additionally, a second indicator
signal is output at block 308 if the connection between the ground contact 124 or 126 and

the shell 100 or 112 is satisfactory to indicate the satisfactory condition.

[0027] For example, the first indicator 210 could be a red LED that lights to indicate a
problem with the ground continuity in block 306. If the connection between the ground
contact 124 and the shell 110 is satisfactory as determined in block 304 of Figure 6, the
second indicator 212 provides a signal in block 308 indicating the satisfactory ground
connection. For example, the second indicator could be a green LED that lights to indicate

the system is properly grounded.

[0028] Figure 8 illustrates another example connector system 10b in which an alternative
indicator 214 is provided. As with Figures 4 and 7 discussed above, the monitor 200 and
indicator 214 may be employed on either or both of the plug 100 and receptacle 102. The
continuity monitor circuit 200 is positioned in the housing 132 or 134 from which the
ground contact 124 or 126 extends. The continuity monitor circuit 200 is connected to
determine continuity between the shell 110 or 112 and the ground contact 124 or 126. The
circuit 200 provides an output that is received by an indicator 214, which in the example
of Figure 8 is a wireless transmitter including an antenna 216. The indicator 214 is

configured to send a signal to a receiver 220, which includes a respective antenna 222.

[0029] Figure 9 illustrates an example of an operation method 300a for the system 10b
shown in Figure 8. As with the example shown in Figure 6, the continuity monitor circuit
200 determines continuity between the ground contact 124 or 126 and the shell 110 or 112
in block 302. If the connection between the ground contact 124 or 126 and the shell 110
or 112 is determined to be satisfactory in block 304, the monitor circuit 200 continues to
monitor continuity. If in block 304 it is determined that the connection between the

ground contact 124 or 126 and the shell 100 or 112 is faulty, a fault signal is output at
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block 310, which is sent by the transmitter 214 to the receiver 220 for display at a remote

location such as an operator panel.

[0030] In some embodiments, additional indicators may be sent by the transmitter 214.
For example, as shown in Figure 9, if the connection between the ground contact 124 or
126 and the shell 110 or 112 is satisfactory as determined in block 304, the system
continues to monitor continuity in block 302. Additionally, if the ground connection is
satisfactory, the transmitter 214 could be configured to send a second signal to the receiver

indicating the satisfactory ground connection.

[0031] Figure 10 illustrates an example system 10c¢ in which power from one or more of
the voltage contacts is harvested to power the continuity monitor circuit 200 and indicator
210 (and/or the indicator 212 and transmitter 214). As with the system block diagrams
discussed above, the monitor circuit 200 and indicator 210 could be employed on either or
both of the plug 100 and receptacle 102. The continuity monitor circuit 200 is positioned
in the housing 132 or 134 from which the ground contact 124 or 126 extends. The
continuity monitor circuit 200 is coupled to at least one of the voltage contacts 120, 122
that extends from the housing 132 or 134 to receive power therefrom for operation of the
continuity monitor circuit 200 and the indicator 210. For example, a current sensing
transformer may be coupled to a voltage contact 120 to harvest power for the

measurement circuit 200.

[0032] In some embodiments, the continuity monitor circuit 200 determines the continuity
between the ground contact 124 or 126 and the respective shell 110 or 112 by measuring
voltage between the ground contact 124 or 126 and the shell 110 or 112. No voltage
would be present if the ground contact 124 or 126 is properly connected (shorted) to the
respective shell 110 or 112. If a voltage exists, it indicates an improper ground

connection.

[0033] Figure 11 illustrates an example of the continuity monitor circuit 200 and indicator
210. Figure 11 is described in terms of the plug 100, though the disclosed monitor circuit
200 may be employed on either or both of the plug 100 and receptacle 102. The monitor
circuit 200 is positioned in the housing 132 from which the ground contact 124 extends,

and the ground contact 124 is connected to the shell 110, which is connected to ground
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through its connection with the shell 112 of the receptacle 102, which is connected to

ground.

[0034] In the illustrated example monitor circuit 200, power is harvested from one of the
voltage contacts 120 to power the circuit 200 and indicator 210, which is an LED in the
illustrated example. A current-sense transformer 240 is coupled to the voltage contact
210. The output of the current-sense transformer 240 is connected to an Op Amp 260 via
a filter 242, a breakdown diode 244 and resistors 246, 248, 250. The output of the Op
Amp 260 is received by the anode of the LED 210 through a resistor 254. The cathode of
the LED 210 is connected to the anode of the breakdown diode 244. The output of the Op
Amp 260 is further fed back to an input through a resistor 252.

[0035] If there is a good connection between connector shell 110 and the ground contact
124, the 100k resistor 250 will be effectively shorted, and the voltage on the Op Amp
inputs will be approximately 450 mV. This voltage will also be present on the output of

the Op Amp 260, and the LED 210 will not be illuminated.

[0036] If there is a poor connection between the connector shell 110 and the ground
contact 124, the voltage between the inputs of the Op Amp 260 will increase up to a
maximum of about 2.4V. To compensate, the Op Amp 260 will drive its output to 5V,
illuminating the LED 210.

[0037] In other embodiments, for example, power could be supplied by a coin cell battery
rather than the power harvesting arrangement shown in Figure 11. The transmitter 214
could be connected to the output of the Op Amp 260 in addition to or in place of the LED
210.

[0038] The above specification, examples and data provide a complete description of the
manufacture and use of the composition of the invention. Since many embodiments of the
invention can be made without departing from the spirit and scope of the invention, the

invention resides in the claims hereinafter appended.
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What is claimed is:

1. An electrical connector system, comprising:

a housing having a plurality of electrical contacts including a ground contact;

a shell having the housing positioned therein;

a monitor circuit positioned in the housing and configured to determine continuity

between the shell and the ground contact.

2. The system of claim 1, wherein the monitor circuit includes an output

connected to an indicator that is configured to output a signal in response to the continuity

determination.

3. The system of claim 2, wherein the indicator includes a first LED.

4. The system of claim 2, wherein the indicator includes first and second
LEDs.

5. The system of claim 2, wherein the indicator includes a wireless signal
transmitter.

6. The system of claim 1, wherein the monitor circuit is configured to measure

voltage between the shell and the ground contact.

7. The system of claim 1, wherein the monitor circuit is powered by power

harvested from the electrical contacts.

8. The system of claim 7, further comprising a current sensing transformer
coupled to a first one of the electrical contacts and having an output connected to the

monitor circuit.

0. The system of claim 8, further comprising an amplifier having input and
output terminals, the input terminals connected to the output of the current sensing

transformer, and the output terminals connected to an indicator.
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10. The system of claim 1, further comprising:
a plug;
wherein the shell is the shell of the plug, and the conductors include sleeves

extending from the housing.

1. The system of claim 1, further comprising:
a receptacle;
wherein the shell is the shell of the receptacle, and the conductors include pins

extending from the housing.

12. An electrical connector system, comprising:

a first connector including a first housing received in a first shell with a first
plurality of electrical contacts extending from the first housing, the first
plurality of electrical contacts including a first ground contact connected to
the first shell;

a second connector including a second housing received in a second shell with a
second plurality of electrical contacts extending from the second housing,
the second plurality of electrical contacts including a second ground contact
connected to the second shell, the first and second connectors configured to
mate with one another such that the respective first and second electrical
contacts make electrical connections with one another;

a monitor circuit positioned in the first housing and configured to determine
continuity between the first shell and the first ground contact and output an
indicator signal in response to the determined continuity; and

an indicator connected to receive the indicator signal output from the monitor

circuit.

13. The system of claim 12, wherein:

the first connector is a plug;

the first plurality of conductors include sleeves extending from the first housing;

the second connector is a receptacle;

the second plurality of conductors include pins extending from the second housing;
and

the second ground contact and the second shell are connected to ground.

10
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14. The system of claim 12, wherein the indicator includes a first LED
configured to light in response to the monitor circuit determining a continuity fault

between the first ground contact and the first shell.

15.  The system of claim 12, wherein the indicator is received in the shell.

16.  The system of claim 12, wherein the monitor circuit is configured to

measure voltage between the first shell and the first ground contact.

17. The system of claim 12, wherein the monitor circuit is powered by power

harvested from the at least one of the first plurality of electrical contacts.

18. A method of monitoring continuity in an electrical connector, comprising:

providing a shell containing a plurality of electrical contacts including a ground
contact, the ground contact connected to the shell,

measuring a voltage between the ground contact and the shell; and

activating an indicator in response to the voltage measurement exceeding a

predetermined level.

19.  The method of claim 18, wherein measuring the voltage includes providing
a monitor circuit in a housing receiving in the shell, wherein the plurality of electrical

contacts extend from the shell.

20. The method of claim 18, further comprising harvesting power from at least

one of the plurality of electrical contacts to power the monitor circuit.

11
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