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(57) Abstract: A temperature sensor 3 1A for bolted connections 8A, includes a thermally conductive housing 30 having a skirt por

o tion 62 with an opening shaped to fit on a portion of a bolted connection of a bus bar. The skirt portion of the housing is configured
to be in thermal contact with the bolted connection when the skirt portion is fitted on the bolted connection of the bus bar. The tem
perature sensor further includes a temperature transducer 70 in thermal contact with the housing. The temperature transducer is con -
figured to sense a temperature of the housing which relates to a temperature of the bolted connection and to output signals to a data
collector 1 via wireless or wireline communication.



TITLE: Temperature Sensor for Bolted Connections

TECHNICAL FIELD

[0001] The present disclosure is generally directed to temperature sensing of a

bolted connection in electrical equipment.

BACKGROUND

[0002] A rise in the operating temperature of a power bus may indicate the

presence of corrosion or a loss of integrity at mechanical junctions of the bus, potentially

creating an operational failure or safety hazard. As a precaution, temperature monitoring

or sensing devices, such as temperature sensors, may be installed at various locations in

an electrical switchgear, including at a connection point on a power bus such as between a

main bus and a feeder circuit. However, installation of temperature sensors on power

buses generally requires the use of specialized tools and equipment to fasten the

temperature sensors onto the power bus.

SUMMARY

[0003] The present disclosure provides a temperature sensor that can be easily

installed on a bolted connection on a bus bar of a power bus or other current carrying

conductors. The disclosed temperature sensor is a simple, practical, and relatively

inexpensive device that is fastened without tools to a bolted connection of a bus bar. The

temperature sensor includes a housing formed of a thermally conductive material, also

referred to as a thermally conductive housing. The housing may be a metallic bell-shaped

housing. The housing includes a skirt portion with an opening through which to fit the

skirt portion onto a portion of a bolted connection of a bus bar, such as on a head of a

bolt, a threaded end of a bolt, or a nut of the bolted connection. The skirt portion of the

housing is in thermal contact with the bolted connection when the skirt portion is fitted

onto the portion of the bolted connection of the bus bar. The temperature sensor further

includes a temperature transducer in thermal contact with the housing. The temperature

transducer is configured to sense a temperature of the housing relating to a temperature of



the bolted connection and to provide sensor output signals corresponding to the sensed

temperature.

[0004] The sensor output signals can be transmitted to a remote device, such as a

data collector, via wireless communication or via wireline communication using sensor

wires. The data collector may be a parasitically powered device that may provide

operating power to the temperature sensor over the sensor wires.

[0005] Accordingly, the temperature sensor may not require batteries, and has

minimal installation costs, minimized potential mistakes during installation, and minimal

product costs.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] Exemplary embodiments of the present disclosure are depicted in the

accompanying drawings that are briefly described as follows:

[0007] Figure 1 illustrates an example three-phase busway, wherein a Tee-joint is

formed by a bolted connection between a vertical bus bar and a horizontal bus bar in each

phase. A temperature sensor has been fitted onto the bolted connection of the bus bars in

each phase, to sense the temperature of the bolted connection and to provide sensor

output signals corresponding to the sensed temperature.

[0008] Figure 2A illustrates an example temperature sensor that includes a

housing formed of a thermally conductive material. The housing is configured to fit onto

the bolted connection of the bus bar so as to be in thermal contact with the bolted

connection. A compression spring surrounds the housing to compress the housing against

the bolted connection when fitting the housing onto the bolted connection.

[0009] Figure 2B illustrates the example temperature sensor of Figure 2A,

showing the plastic cover that surrounds the housing. A sensor wire is shown, to transmit

sensor output signals corresponding to the sensed temperature.

[0010] Figure 2C illustrates the example temperature sensor of Figure 2B,

showing the skirt portion of the housing, with an opening shaped to fit onto the bolted

connection of the bus bar. The skirt portion of the housing is configured to be in thermal



contact with the bolted connection when the skirt portion is fitted on the bolted

connection of the bus bar.

[0011] Figure 2D illustrates the example temperature sensor of Figure 2C,

showing the temperature transducer in thermal contact with the housing. The temperature

transducer is configured to sense the temperature of the housing which relates to the

temperature of the bolted connection. The temperature transducer outputs signals to a

data collector via wireless or wireline communication.

[0012] Figure 3 illustrates an enlarged view of one phase of the busway of Figure

1, showing the Tee-joint formed with the bolted connection between the vertical bus bar

and the horizontal bus bar. The temperature sensor is shown fitted onto the bolted

connection of the bus bars. The figure shows the temperature transducer outputting

signals via wireless or wireline communication, to a data collector mounted on the bus

bar.

[0013] Figure 4A illustrates an example embodiment of the temperature sensor

with the temperature transducer directly mounted on the dome of the housing, to maintain

thermal contact between the housing and the temperature transducer.

[0014] Figure 4B illustrates an enlarged view of a portion of the temperature

sensor of Figure 4A wherein a heat conductive electrical insulator is interposed between

the dome of the housing and the temperature transducer. The heat conductive electrical

insulator is configured to maintain thermal contact between the housing and the

temperature transducer while electrically insulating the temperature transducer from the

housing.

[0015] Figure 5 illustrates an example embodiment of the data collector of Figure

3 . The temperature transducer of the temperature sensor transmits the sensor output

signals to a data collector and receives operating power from the data collector.



DETAILED DESCRIPTION OF THE EXAMPLE EMBODIMENTS

[0016] An example temperature sensor is disclosed, which may be easily installed

on a bolted connection on a bus bar of a power bus or other current carrying conductors,

without the use of specialized tools and equipment. Figure 1 illustrates an exemplary

three-phase busway 2 that includes vertical bus bars 3A, 3B and 3C and horizontal bus

bars 3A', 3B' and 3C for respective phases A, B and C. Each phase of the busway 2 has

a vertical bus bar connected to a horizontal bus bar using one or more bolted connections

to form a Tee-joint. For example, the vertical bus bar 3A is connected to the horizontal

bus bar 3A' using one or more bolted connections 8A. The vertical bus bar 3B is

connected to the horizontal bus bar 3B' using one or more bolted connections 8B. The

vertical bus bar 3C is connected to the horizontal bus bar 3C using one or more bolted

connections 8C. Each bolted connection 8A, 8B and 8C may include a nut and a bolt that

connects bus bars together, such as a vertical bus bar and a horizontal bus bar.

[0017] As further shown in Figure 1, temperature sensors 3 1A, 3IB and 31C are

provided to sense a temperature at the bolted connection between the vertical and

horizontal bus bars 31A and 31A', 3IB and 3IB' and 31C and 31C, respectively. For

example, the temperature sensor 31A is fitted onto a portion of one of the bolted

connections 8A that connect the vertical bus bar 3A and the horizontal bus bar 3A'

together. The temperature sensor 31A may, for example, be installed or secured by hand

directly onto and over the nut 40A, a head of the bolt 4 1A or a threaded end of the bolt

4 1A of the bolted connection 8A. Similarly, the temperature sensor 3IB is fitted onto a

portion of one of the bolted connections 8B connecting the vertical bus bar 3B and the

horizontal bus bar 3B' together. The temperature sensor 31C is likewise fitted onto a

portion of one of the bolted connections 8C connecting the vertical bus bar 3C and the

horizontal bus bar 3C together.

[0018] The temperature sensors 31A, 3IB, and 31C transmit the sensed

temperature of respective bolted connections 8A, 8B and 8C, as sensor output signals, to

a remote device, such as a data collector 1, via a wireless or wireline communication

medium. In this example, the temperature sensors 3 1A, 3IB and 31C conduct wireline

communication over sensor wires 72A, 72B and 72C, respectively. The data collector 1

is mounted onto the horizontal bus bar 3B' using a ferromagnetic belt 11, which is used

as a primary coil of a current transformer (not shown), to harvest energy from the current



carrying bus bar. The harvested energy can be used to power the data collector 1 and its

components, as well as to power other devices, such as sensors 3 1A, 3IB and 31C over

respective sensor wires 72A, 72B and 72C. Thus, the data collector 1 may be a

parasitically powered device that may provide operating power to the temperature sensor

over the sensor wires. Figure 3 illustrates an enlarged view of the sensor 3IB and the

data collector 1 mounted on the bus bars of the busway 2 for the phase B. The data

collector 1 is discussed in greater detail below with reference to Figure 5 . Additional

details of the data collector 1 are described in the co-pending International Patent

Application entitled "Wireless Batteryless Data Processing Unit", by Schneider Electric

USA, Inc., International Application Number PCT/US 13/7 1766, filed November 26,

2013, which is incorporated herein by reference.

[0019] The sensed and collected temperature data of the bolted connections may

be evaluated to identify problems or potential problems on the busway 2 . For example, if

a bolted connection was not properly torqued at the time of installation, the electrical

current through the joint between the bus bars (e.g., a vertical bus bar and a horizontal bus

bar) may incur a greater electrical resistance due to the poor physical connection. Over

time, the bolted connection may begin to corrode and lose connection integrity,

potentially creating an operational failure or safety hazard. The temperature sensors (e.g.,

sensors 31A, 3IB and 31C) may be used to sense a rise in the operating temperature of

the bolted connection, which may indicate a presence of corrosion or a loss of integrity at

the mechanical junction of the bus bars.

[0020] For the purposes of explanation, the components and operations of the

temperature sensor 31A will be discussed in detail below with reference to Figures 2A

through 2D, as an example of the temperature sensors disclosed herein. As shown in

Figure 2A, the temperature sensor 31A includes a housing 30 formed of a thermally

conductive material, such as spring steel. The housing 30 may be a metallic bell-shaped

housing. The housing 30 is configured to fit onto the bolted connection, such as the

bolted connection 8A of the bus bar 3A, so as to be in thermal contact with the bolted

connection 8A. For example, as shown in Figure 2C, the housing 30 includes a skirt

portion 62, with an opening shaped to fit onto the nut 40A of the bolted connection 8A of

the bus bar 3A. The skirt portion 62 of the housing 30 is configured to be in thermal

contact with the bolted connection 8A when the skirt portion 62 is fitted on the bolted



connection of the bus bar 3A. A compression spring 64, as shown in Figure 2A,

surrounds the housing 30, such as around the skirt portion 62, to compress the housing 30

against the bolted connection 8A when fitting the housing onto the bolted connection.

The compression spring 64 holds the hardware firmly on the bolted connection.

[0021] The temperature sensor 31A also includes a temperature transducer 70 in

thermal contact with a dome 66 of the housing 30, as shown in Figure 2D. The

temperature transducer 70 is configured to sense the temperature of the housing 30, which

relates to the temperature of the bolted connection 8A. The temperature transducer 70

outputs signals to a data collector 1 of Figure 1, via wireless or wireline communication.

[0022] As shown in Figure 2B, the temperature sensor 31A may also include a

plastic cover 76 that surrounds the housing 30 to provide electrical insulation to the

metallic parts that will be at electric potential levels. The sensor wires 72A is shown

extending from the bottom of the plastic cover 76. As previously discussed, the sensor

wires 72A may be used to transmit sensor output signals corresponding to the sensed

temperature to the data collector 1, as well as to receive operating power from the data

collector 1.

[0023] The temperature sensor 31A performs temperature measurements on any

bolt or nut hardware used in electric power connections. The temperature sensor 31A

may be applied to any electrical device that requires mechanical connections for the

electrical conductors. The temperature on the connections can be measured to predict

whether the mechanical joints of the electrical conductors maintain their integrity as they

age.

[0024] Figure 4A illustrates an example embodiment of the temperature sensor

31A with the temperature transducer 70 directly mounted on the dome 66 of the housing

30, to maintain thermal contact between the housing 30 and the temperature transducer

70. Internally, the temperature sensor 31A is basically a metallic bell 60 with some

vertical cuts forming one or more slots 63 in order to allow expansion or contraction of

the diameter of the bell 60. The diameter of the skirt 62 may be designed according to the

size of the standard nuts and bolts available in the market and commonly used in the

mechanical connections of the electrical conductors. Over the skirt 62 is the metallic

compression spring 64, which may be shaped in a ring. The spring 64 is designed to

apply compression force on the walls of the metallic skirt 62. At the top of the metallic



bell 60 is the dome 66. The temperature transducer 70 is maintained in thermal contact

with the dome 66, so that heat of the bell 60 is well transferred to the transducer 70.

[0025] Figure 4B illustrates an example embodiment of the temperature sensor

3 1A, wherein a heat conductive electrical insulator 74 is interposed between the dome 66

of the housing 30 and the temperature transducer 70. The heat conductive electrical

insulator 74 is configured to maintain thermal contact between the housing 30 and the

temperature transducer 70, while electrically insulating the temperature transducer 70

from the housing 30. The heat conductive electrical insulator 74 may be composed of

epoxy, glass, or a ceramic material, for example.

[0026] No tools are required for the installation of the temperature sensor. The

sensor may be installed on the nut or bolt by applying enough pressure to ensure the

metallic bell of the housing is properly attached to the nut or bolt. Due to the thermal

properties of the metals, the heat of the electrical bus bars will be transferred to the nut or

bolt and at the same time from the nut or bolt to the temperature sensor.

[0027] Figure 5 illustrates an example embodiment of the data collector 1 of

Figures 1 and 3 . The temperature transducer 70 of the temperature sensor 31A, transmits

the sensor output signals 33 to the data collector 1 and receives operating power from the

data collector 1 over sensor power wires 72'. The data collector 1 does not require a

battery for its operation. In this example, the printed circuit board 4 of the data collector

1 may include an energy harvesting circuit 40, a data processing device such as a micro

processor 16 (in communication with a memory 29), a sensor interface 18 to collect data

from one or more sensors 3 1A, 3IB, and 31C (see e.g., Figure 1), and a wireless

transceiver 22. The sensor interface 18 is configured to receive sensor signals 33 (also

referred to as "sensor inputs") at node 21, from one or more sensors such as temperature

sensors 31A, 31B, and 31C or other sensors. The sensor interface 18 is configured to

provide the received sensor signals to the micro-processor 16. There may be two wires

72 and 72' connected to the transducer 70 of each of the sensor(s). The sensor wire 72,

such as sensor wires 72A, 72B, and 72C of Figure 1, transmits the sensor output signals

from the temperature transducer 70 to a data collector 1. A sensor power wire 72' may

provide operational power to the temperature transducer 70 from the data collector 1.

The data collector 1 may receive sensor signals 33 over a communications medium such

as an electrical wire medium, an optical fiber medium, or a wireless radio frequency



medium. In example embodiments of the invention, the energy requirements of the micro

processor 16, memory 29, wireless transmitter 22, sensor interface 18 and encoder 20

may be sufficiently low to be continuously supplied by the energy harvesting circuit 40.

[0028] In example embodiments of the invention, the sensor signals 33 may

represent measurements of a physical condition of an electrical device, the physical

condition being, e.g., temperature, humidity, vibration, or noise. In example

embodiments of the invention, the sensor signals 33 may represent measurements of the

temperature or vibration of the current carrying conductor, such as vertical or horizontal

buses of the busway 2 .

[0029] Although specific example embodiments of the invention have been

disclosed, persons of skill in the art will appreciate that changes may be made to the

details described for the specific example embodiments, without departing from the spirit

and the scope of the invention.



CLAIMS

1. A temperature sensor for monitoring a temperature of a bolted connection of a

bus bar, comprising:

a thermally conductive housing having a skirt portion with an opening through

which to fit the skirt portion onto a portion of a bolted connection of a bus bar, the skirt

portion of the housing being configured to be in thermal contact with the bolted

connection when the skirt portion is fitted on the portion of the bolted connection of the

bus bar; and

a temperature transducer in thermal contact with the housing, the temperature

transducer configured to sense a temperature of the housing relating to a temperature of

the bolted connection and to provide sensor output signals corresponding to the sensed

temperature.

2 . The temperature sensor of claim 1, further comprising a sensor wire

coupled to the temperature transducer and configured to transmit the sensor output signals

to a data collector.

3 . The temperature sensor of claim 1, further comprising:

a compression spring surrounding the skirt portion of the housing and configured

to compress the skirt portion against the portion of the bolted connection when fitting the

skirt portion onto the portion of the bolted connection.

4 . The temperature sensor of claim 3, wherein the skirt portion includes a slot that

allows the skirt portion to bend inwardly and reduce a diameter of the skirt portion when

compressed via the compression spring.

5 . The temperature sensor of claim 1, wherein the temperature transducer is

mounted on the housing, to maintain thermal contact between the housing and the

temperature transducer.



6 . The temperature sensor of claim 1, further comprising:

a heat conductive electrical insulator interposed between the housing and the

temperature transducer, the heat conductive electrical insulator being configured to

maintain thermal contact between the housing and the temperature transducer while

electrically insulating the temperature transducer from the housing.

7 . The temperature sensor of claim 1, further comprising:

a plastic cover surrounding the housing.

8. The temperature sensor of claim 1, wherein the sensor output signals are

transmitted to a remote device over a communications medium selected from one of an

electrical wire medium, an optical fiber medium, or a wireless radio frequency medium.

9 . The temperature sensor of claim 1, wherein the housing is a bell-shaped

housing.

10. The temperature sensor of claim 1, further comprising a sensor power wire

coupled to the temperature transducer and configured to provide operational power to the

temperature transducer from a data collector.
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