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SYSTEMAND METHOD FOR LOOSE NUT 
DETECTION 

CROSS-REFERENCE TO RELATED 
APPLICATION 

0001. This application is a continuation of U.S. patent 
application Ser. No. 13/596.986 filed on 28 Aug. 2012, which 
claims the benefit under 35 USC 119 of U.S. patent applica 
tion No. 61/529,080 filed on 30 Aug. 2011 and entitled APPA 
RATUSES FOR DETECTING IF A FASTENER MOVES, 
AND SENSORASSEMBLIES INCLUDING SAME. 

TECHNICAL FIELD 

0002 The invention relates to systems and methods for the 
detection and identification of loose fasteners such as nuts or 
bolts. Certain embodiments provide sensors for detecting if a 
fastener moves, sensor assemblies and monitoring systems 
including Such sensors and/or methods for monitoring fasten 
ers and/or providing information regarding the status of fas 
tenerS. 

BACKGROUND 

0003) Fasteners such as nuts and bolts may hold together 
elements of a machine. 
0004. A nut, for example, may become loose, which may 
disadvantageously cause elements of the machine to become 
separated. Such separation may interfere with operation of 
the machine or cause damage to the machine or to persons or 
property near the machine. Known apparatuses for determin 
ing whether a nut has become loose include 
0005. Apparatuses that change colour when a nut has 
become loose, and sets of arrows or tabs that may be aligned 
when the nut is tight but become misaligned when the nut has 
become loose. Such apparatus require visual inspection to 
determine that a nut is loose, and therefore frequent visual 
inspection is required. If visual inspection is not sufficiently 
frequent, a fastener may become loose and thereby cause 
damage. 
0006. In another example of a device for indicating that a 
nut has become loose (U.S. Pat. No. 4,709,654), movement of 
the nut relative to an axle stud causes mechanical movement 
of an indicator under the force of a spring. The indicator 
moves from a retracted position and protrudes beyond the 
outer Surface of the nut, and can be seen or felt during an 
inspection. Detection of the loose nut requires visible inspec 
tion or inspection by hand. 
0007. In the particular case of wheel nuts, looseness of the 
nuts can be detected by sensing knocking associated with an 
axle and a wheel hub assembly (U.S. Pat. No. 5,959.365). 
Signals from the sensors can be used to generate alerts to the 
driver, for example. 
0008 Another known approach is to use a sensor assembly 
secured to the mounting hub and with a pointerin contact with 
the wheel, which detects relative motion between the hub and 
the wheel (U.S. Pat. No. 7,012.511). The housing of the 
sensor assembly may be made from piezo-ceramic material 
which generates an electric current proportional to the 
amount of the deflection. 
0009. A pressure sensor may be used to measure the 
torque relative to a desired value. An example sensor is a 
piezo-resistive pressure sensor which measures pressure by a 
change in conductivity of an integrated semiconductor. 
Another example approach is to use a Hall-effect sensor and 

Jan. 29, 2015 

a corresponding magnet. Wireless communications may be 
used between the sensor and a control module (U.S. Pat. No. 
7,994,901). 
0010. In other applications such as vibration testing, a 
strain gauge may be used to measure the looseness of nuts 
tightened onto bolts and shaken loose by vibration (U.S. Pat. 
No. 4,862,746). 

SUMMARY 

0011. This invention has a number of aspects. Some 
aspects provide apparatus for monitoring fasteners (such as 
nuts or bolts for example) to verify that the fasteners have not 
become loose and/or to detect when the fasteners have 
become loose. In some embodiments sensors connected to 
monitor individual fasteners are in data communication with 
a central station to which information regarding the opera 
tional status of monitored fasteners is relayed. In some 
embodiments the data communication may be provided by 
way of wireless communication paths. In some embodiments 
sensors for monitoring a plurality of fasteners are mounted to 
a common Substrate. Other aspects provide methods for 
monitoring fasteners. Other aspects provide computer pro 
gram products comprising tangible media carrying computer 
program instructions for causing a processor to performall or 
part of a method for monitoring one or more fasteners as 
described herein. 
0012. In accordance with one illustrative embodiment, 
there is provided an apparatus for detecting if a fastener 
moves from a first position to a different second position 
relative to an object. The apparatus includes: a first connect 
ing means for connecting a first side of a contact bridge to the 
fastener for movement in response to movement of the fas 
tener; and a second connecting means for connecting a sec 
ond side of the contact bridge to the object to remain station 
ary relative to the object. One of the first and second sides of 
the contact bridge includes first and second spaced apart 
electrical conductors, and the other one of the first and second 
sides of the contact bridge includes a third electrical conduc 
tor. When the first connecting means connects the first side of 
the contact bridge to the fastener for movement in response to 
movement of the fastener, and when the second connecting 
means connects the second side of the contact bridge to the 
object to remain stationary relative to the object, the third 
electrical conductor is positionable to contact the first and 
second electrical conductors when the fastener is in the first 
position, and the third electrical conductor is spaced apart 
from at least one of the first and second electrical conductors 
when the fastener is in the second position. 
0013. In accordance with another illustrative embodi 
ment, there is provided an apparatus for detecting if a fastener 
moves from a first position to a different second position 
relative to an object. The apparatus includes: a first connector 
for connecting a first side of a contact bridge to the fastener for 
movement in response to movement of the fastener; and a 
second connector for connecting a second side of the contact 
bridge to the object to remain stationary relative to the object. 
One of the first and second sides of the contact bridge includes 
first and second spaced apart electrical conductors, and the 
other one of the first and second sides of the contact bridge 
includes a third electrical conductor. When the first connector 
connects the first side of the contact bridge to the fastener for 
movement in response to movement of the fastener, and when 
the second connector connects the second side of the contact 
bridge to the object to remain stationary relative to the object, 
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the third electrical conductor is positionable to contact the 
first and second electrical conductors when the fastener is in 
the first position, and the third electrical conductor is spaced 
apart from at least one of the first and second electrical con 
ductors when the fastener is in the second position. 
0014) Another illustrative embodiment provides appara 
tus for detecting rotation of a fastener relative to an object. 
The apparatus comprises a first part coupled to a second part 
for rotation relative to the second part about an axis. The first 
and second parts are apertured on the axis to receive a fastener 
(e.g. a bolt or nut). The first part comprises an interface that is 
detachably connectable to the fastener and is configured to 
non-rotationally engage the fastener. The interface may, for 
example, comprise a hexagonal opening for engaging a hex 
agonal nut or a hexagonal bolt head. A first electrical contact 
is Supported by the interface. The second part comprises a 
base affixable to the object and a second electrical contact 
supported by the base. The first and second electrical contacts 
are arranged such that they are in electrical contact with one 
another for some rotational positions of the first part relative 
to the second part and are not in electrical contact with one 
another for other rotational positions of the first part relative 
to the second part. A conductivity detector is connected to 
monitor an electrical conductivity of a current path passing 
through the first and second electrical conductors. 
0015. Another illustrative embodiment provides a method 
for detecting rotation of a fastener relative to an object. The 
method comprises monitoring electrical conductivity of a 
contact bridge having first and second sides, the first side 
coupled to the fastener and the second side coupled to the 
object. In some embodiments one of the first and second sides 
comprises first and second electrical contacts angularly 
spaced apart by a gap having a first angular width and the 
other one of the first and second sides comprises a third 
electrical contact. The third electrical contact having a second 
angular width greater than the first angular width Such that the 
third electrical contact forms a bridge between the first and 
second electrical contacts when the fastener is in a first rota 
tional position and the third electrical contact does not bridge 
between the first and second electrical contacts when the 
fastener is in a second rotational position different from the 
first rotational position. 
0016 Other aspects and features of embodiments of the 
present invention will become apparent to those ordinarily 
skilled in the art upon review of the following description of 
specific embodiments in conjunction with the accompanying 
figures. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0.017. The accompanying drawings illustrate non-limiting 
example embodiments of the invention. 
0018 FIG. 1A is a block diagram of an embodiment of an 
apparatus for detection and identification of a loose fastener, 
0019 FIG. 1B is a block diagram of an embodiment of a 
multi-Zone wireless monitoring apparatus; 
0020 FIG. 2 is a side view of a wheel on a vehicle: 
0021 FIG.3A is a cutaway oblique view of a wind turbine; 
0022 FIG. 3B is an oblique view of a mounting flange of 
the wind turbine of FIG. 3; 
0023 FIG. 4A is an enlarged plan view of a sensor assem 
bly of the wind turbine of FIG.3: 
0024 FIG. 4B is a cross-sectional view of the sensor 
assembly of FIG. 4A, taken along the line V-V in FIG. 4A; 
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0025 FIG. 4C is a side view of the sensor assembly of 
FIG. 4A; 
0026 FIG. 5A is a plan view of an embodiment of a 
“single fastener sensor assembly. 
(0027 FIG. 5B is a plan view of an embodiment of a “mul 
tiple-fastener' sensor assembly. 
0028 FIG. 6A is a plan view of a schematic representation 
of an inner interface part of the sensor assembly; 
0029 FIG. 6B is a cross-section through the centre of the 
inner interface part of the sensor assembly of FIG. 6A: 
0030 FIG. 6C is a plan view of a schematic representation 
of an outer housing of the sensor assembly; 
0031 FIG. 6D is a cross-section of the outer housing of the 
sensor assembly of FIG. 6C, taken along the line X-X in FIG. 
6C: 
0032 FIG. 6E is a partial cross-section of a sensor assem 
bly showing the inner and outer housings; 
0033 FIG. 7A is a plan view of a schematic representation 
of a sensor assembly mounted on a Substrate. 
0034 FIG. 7B is a partial cross-section through the centre 
of the sensor assembly of FIG. 7A. 
0035 FIG. 8 is a schematic representation of program 
instructions of a sensor assembly of the wind turbine of FIG. 
3. 

DETAILED DESCRIPTION 

0036 Throughout the following description specific 
details are set forth in order to provide a more thorough 
understanding to persons skilled in the art. However, well 
known elements may not have been shown or described in 
detail to avoid unnecessarily obscuring the disclosure. The 
following description of examples of the technology is not 
intended to be exhaustive or to limit the system to the precise 
forms of any example embodiment. Accordingly, the descrip 
tion and drawings are to be regarded in an illustrative, rather 
than a restrictive, sense. 
0037 FIG. 1A is a block diagram of an apparatus 100 
according to an example embodiment. Apparatus 100 is con 
figured for detecting and identifying a loose fastener. 
Embodiments such as apparatus 100 may be used to detect 
and identify loose fasteners on a machine 110 (or a group of 
machines) while the machine is in use. Machine 110 may be, 
for example, a vehicle, a wind turbine or industrial equipment 
comprising fasteners that may become lose, for example as a 
result of vibration. 
0038 Apparatus 100 comprises a plurality of sensor 
assemblies 125A-D for measuring the looseness of fasteners. 
In the example shown, there are four sensor assemblies. Such 
an apparatus 100 may, for example, be suitable for a vehicle 
with 4 wheels and one sensor assembly per wheel. Sensor 
assemblies 125A-D communicate wirelessly with antennas 
120A-D (as indicated by the dotted lines). Antennas 120A-D 
are connected to a communication module 130. Communica 
tion module 130 may be mounted on machine 110 or may be 
nearby machine 110. Each antenna 120A-D may communi 
cate with one or more sensor assemblies. A receiver or trans 
ceiver (not shown) in the communication module 130 may be 
connected to one or more of the antennas. Greater sensitivity 
can be achieved if each antenna has its own corresponding 
receiver or transceiver in the communication module 130. In 
other embodiments a communication module 130 may have a 
single antenna. Configurations in which apparatus 100 com 
prises more than one antenna, and optionally one transceiver 
perantenna, can be beneficial for achieving reliable commu 
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nication from sensor assemblies (e.g. 125A-D) in noisy envi 
ronments, or where paths between sensor assemblies and 
antennas are long or contain obstacles, for example. Alterna 
tively, sensor assemblies 125A-D may be connected by wire, 
optical fibres or other Suitable data communication paths to 
communication module 130. 
0039. As indicated in FIG. 1A, there can be one or more 
communication modules 130 per machine 110. Each commu 
nication module 130 can be connected to one or more anten 
nas (e.g. antennas 120A-D), and each antenna can communi 
cate wirelessly with one or more sensor assemblies (e.g. 
sensor assemblies 125A-D). 
0040. Referring to FIG. 1A, the communication module 
130 can communicate wirelessly with a remote monitoring 
station 170 either directly or via an optional repeater or 
repeaters 160. The remote monitoring station 170 can com 
municate with a remote monitoring terminal 180 via a net 
work 190 (such as the Internet, a local area network, a wide 
area network, a dedicated link or another Suitable data com 
munication path). 
0041 Signals can be transmitted to a display unit 140 
associated with machine 110, regardless of whether machine 
110 is in data communication (e.g. within an RF coverage 
range) of remote monitoring station 170. Signals transmitted 
to display unit 140 can comprise alert, status and identifica 
tion information intended for diagnosis and monitoring by an 
operator. In the case machine 110 is a vehicle, display unit 
140 may be located on the dashboard and provide a real-time 
alert to the driver in the event a loose wheel nut is detected. 
Display unit 140 may identify the wheel or wheel nut gener 
ating the alert. 
0042. In some embodiments, the sensor assembly may 
provide a visual indication that a fastener or nut has become 
loose, for example ared flashing LED, an alarm Sound, and/or 
other indicator(s). 
0043 FIG. 1B is a block diagram of an example multi 
Zone wireless monitoring apparatus 100B. Apparatus 100B 
comprises the same elements as apparatus 100 from FIG. 1A. 
Machine 110 and elements of the system on-board the vehicle 
or other machine including sensor assemblies (e.g. 125A-D), 
communication module 130 and display unit 140 are not 
shown in FIG. 1B. 
0044 System 110B comprises more than one repeater. 
The example in FIG. 1B comprises three repeaters 160A-C. 
Each repeater is associated with an RF coverage Zone. 
0045 Data can be transferred from remote monitoring 
stations 170A and 170B to a remote monitoring terminal 180 
via a network 190 (such as the Internet, a local area network, 
a wide area network, a dedicated link or another suitable data 
communication path). This allows an operator connected to 
network 190 to monitor real-time information related to the 
detection and identification of loose fasteners, and to view 
stored data offloaded from the communication module 130 
from FIG. 1A. 
0046 Data can be transferred between remote monitoring 
stations 170A and 170B via a network 190 (such as the 
Internet, a local area network, a wide area network, a dedi 
cated link or another Suitable data communication path). 
0047 RF coverage Zones are provided by remote monitor 
ing stations 170A and 170B, and by repeaters 160 A-C. Other 
embodiments may have different numbers and configurations 
of remote monitoring stations and repeaters. 
0048. Some embodiments may monitor operational 
parameters other than the looseness of nuts. For example, 
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Some embodiments may monitor tire pressure or tire tempera 
ture of a vehicle. In other applications such as industrial 
machinery some embodiments may monitor ambient tem 
perature, temperatures of machine components or systems, 
electrical parameters, fluid pressures, acceleration and the 
like. 
0049. One exemplary end-use application of the apparatus 
illustrated in FIGS. 1A and 1B is the detection and identifi 
cation of loose wheel nuts on the wheels of a vehicle such as 
a car, bus, truck or industrial vehicle. 
0050 FIG. 2 is a side view of a wheel 200 on a vehicle. 
Wheel 200 comprises a wheel rim 210 and a tire 240. The 
wheel 200 is attached to the vehicle by wheel nuts 220A-D. In 
the embodiment illustrated in FIG. 2, the sensor assembly 
(such as 125A-D from FIG. 1A) comprises sensortransceiver 
package 230 and power source 250, optionally mounted on 
substrate 260. Substrate 260 can, for example, be a plate 
shaped to conform to the rim 210 with apertures for the wheel 
nuts 220A-D. Sensor transceiver package 230 and power 
source 250 can be mounted on substrate 260. 
0051. In the embodiment shown in FIG. 2, a single sensor 
assembly may detect and identify if any of the connected 
wheel nuts becomes loose. The single sensor assembly illus 
trated in FIG. 2 has separate sensor parts that each monitors a 
corresponding wheel nut and a shared communications part 
(sensortransceiverpackage 230) that relays information from 
all the sensor parts to the communication module 130 from 
FIG. 1. The sensor transceiver package 230 may optionally 
detect which (if any) of the wheel nuts 220A-D has become 
loose and identify the loose wheel nut in its transmission to 
the communication module 130. In alternative embodiments 
sensor transceiver package 230 transmits data that is pro 
cessed at a downstream location to determine whether any of 
the wheel nuts 220A-D has become loose. 
0.052 Sensor transceiver package 230 may detect which 
wheel nut has become loose by measuring a condition Such as 
electrical conductivity that differentiates between loose 
wheel nuts. Alternatively, a separate sensor assembly may be 
used for each wheel nut. Sensor transceiver package 230 
communicates wirelessly with at least one antenna (Such as 
120A-D from FIG. 1A) and communication module 130 from 
FIG 1A 
0053 A second exemplary end-use application of the 
apparatus illustrated in FIGS. 1A and 1B is the detection and 
identification of loose nuts in a stationary machine Such as a 
wind turbine. 
0054 FIG.3A is a cutaway oblique view of a wind turbine. 
The wind turbine 300 includes a tower 310, and a nacelle 320 
rotatably mounted to the tower 310 on a yaw bearing 330 for 
rotation about a generally vertical yaw axis. The wind turbine 
300 also includes a rotor 340 carrying three blades 342, 344, 
and 346 in the embodiment shown. 
0055 Wind turbine 300 also includes a main shaft 350 
coupled, at a first end, to the rotor 340. The wind turbine 300 
also includes a main bearing 360 mounted on a bearing mount 
362. The main bearing 360 rotatably holds the main shaft 350, 
and thus the rotor 340 and blades 342, 344, and 346, on the 
nacelle 320. The bearing mount 362 also holds an accelera 
tion sensor assembly 364 comprising an acceleration sensor 
that measures acceleration, and thus vibration, of the bearing 
mount 362, which may also more generally be referred to as 
an element of the wind turbine 102. In alternative embodi 
ments, the acceleration sensor assembly 364 may be posi 
tioned on the main shaft 350, and the main shaft in such 
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alternative embodiments may also more generally be referred 
to as an element of the wind turbine 300. 
0056 FIG. 3B is an oblique view of a mounting flange of 
the wind turbine of FIG.3A. Referring to FIG.3B, the bearing 
mount 362 in the embodiment shown includes a mounting 
flange 370 mounted to an inner surface 322 of the nacelle 320 
by a plurality of fasteners including nuts 372 and 374 coupled 
to respective bolts 324 and 326 on the nacelle 320. The nuts 
372 and 374 hold the bearing mount 362, and thus the main 
shaft 350, rotor 340, and blades 342,344, and 346 relative to 
the nacelle 320, and thus it is important to know if one or more 
of the nuts 372 and 374 become loose. Therefore, the embodi 
ment shown includes sensor assemblies 392 and 394 coupled 
to the nuts 372 and 374 respectively. 
0057 The wind turbine 300 is exemplary only. Alternative 
embodiments may include numerous variations, such as alter 
native means for rotating the nacelle 320 about the yaw axis, 
and alternative fasteners to the nuts 372 and 374, for example. 
Further, the wind turbine may include one or more additional 
sensor assemblies or proximate pitch bearings (not shown) 
that allow the blades 342,344, and 346 to rotate along longi 
tudinal axes of the blades to adjust pitch of the blades, or 
proximate pinion gears (not shown) in ring gears (not shown) 
of the blades 342,344, and 346 that can be rotated by motors 
(not shown) to cause Such pitch adjustment of the blades, for 
example. 
0058 Referring to FIGS. 4A and 4B, a nut washer 410 is 
positioned between the nut 420 and a mounting flange 450 
(such as the mounting flange 370 from FIG.3B). Nut 420 may 
more generally be referred to as a fastener that is rotatable 
relative to the mounting flange 450. The sensor assembly 400 
includes a generally-cylindrical housing 430, and an interface 
432. The housing 430 and the interface 432 in the embodi 
ment shown are formed of an electrically-insulating thermo 
plastic material. The housing 430 defines a generally-annular 
inward-facing cavity in which the interface 432 is positioned 
and held for rotation therein. In the embodiment shown, a 
narrow space between the housing 430 and the interface 432 
is filled with an electrically-insulating lubricant 434. 
0059. The interface 432 is generally annular and has an 
inner Surface 436 generally complementary to a hexagonal 
outer surface 422 of the nut 420. The inner surface 436 is sized 
to fit tightly on the outer surface 422 such that the interface 
432 rotates with the nut 420 around the bolt 440. A bottom 
surface 438 of the housing 430 is fixed on the mounting flange 
450 such that the housing remains stationary relative to the 
mounting flange 450 and does not rotate around the bolt 440 
even if the nut 420 does rotate around the bolt 440. Bottom 
surface 438 of the housing 430 may be fixed on the mounting 
flange by any Suitable means of attachment such as adhesive, 
one or more screws or other fasteners, Suitable clips, Snaps, 
clamps, or the like. In some embodiments, where for example 
the sensor assembly is fixed to more than one nut (such as 
illustrated in FIG.2), it may not be necessary to fix the bottom 
surface 438 of the housing 430 to the mounting flange 450 
from FIG. 4B, or in the case of a wheel, to the wheel hub 210 
from FIG. 2. In some embodiments, two or more sensors have 
a shared bottom surface 438. The sensors can all be mounted 
on a plate (for example substrate 260 from FIG. 2) having 
apertures for the wheel nuts. The orientation of the plate is 
therefore fixed by its engagement with the wheel nuts and 
therefore no other fixing means may be necessary. 
0060. The housing 430 and the interface 432 define a 
cavity 460 therebetween that is open at a peripheral outer 
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surface 431 of the housing 430 as illustrated in FIG.4C (a side 
view of sensor assembly 400). In the cavity 460, the housing 
430 is coupled mechanically to support first and second elec 
trical conductors 462 and 464 spaced apart by a peripheral 
spacing distance 466 and having respective contact Surfaces 
470 and 472 facing into the cavity 460 and towards the inter 
face 432. Also, interface 432 is coupled to support a third 
electrical conductor 474 having a contact surface 476 facing 
into the cavity 460 and towards the first and second electrical 
conductors 462 and 464. The third electrical conductor 474 
has a peripheral width 468 greater than the peripheral spacing 
distance 466. 

0061. In the embodiment shown, the contact surfaces 470, 
472, and 476 are all generally in a common plane such that 
rotation of the interface 432 in the inward-facing cavity of the 
housing 430 causes the contact surface 476 of the third elec 
trical conductor 474 to slide in a peripheral direction over one 
or both of the contact surfaces 470 and 472 of the first and 
second electrical conductors 462 and 464. Thus it is possible 
to rotate the interface 432 in the housing 430 such that the 
contact surface 476 contacts both of the contact surfaces 470 
and 472, as shown in FIGS. 4A and 4.B. Thus, when sensor 
assembly 400 is in the configuration shown in FIGS. 4A and 
4B, the first, second, and third electrical conductors 462, 464, 
and 474 are all in electrically conductive communication, and 
electric current can flow therebetween. 

0062. The first electrical conductor 462 is electrically con 
nected to a first electrically conductive lead 480, and the 
second electrical conductor 464 is electrically connected to a 
second electrically conductive lead 482. The first and second 
electrically conductive leads 480 and 482 are connected to a 
conductivity detector 490, which detects whether current can 
pass from one of the first and second electrically conductive 
leads 480 and 482 to the other, through the first, second, and 
third electrical conductors 462, 464, and 474. The conductiv 
ity detector may, for example, monitor an electrical current 
passing through the contact bridge. The current may be Sup 
plied by a power source that is internal to or external to 
conductivity detector 490. 
0063. In one embodiment, the nut 420 may be tightened on 
the bolt 440 and on the nut washer 410 to a desired tightness, 
Such as to a desired torque using a torque wrench, for 
example, and the nut 420 may be considered to be in a desired 
position when tightened to Such a desired tightness, or more 
generally the nut 420 may be considered to be in a first 
position. The sensor assembly 400 may then be positioned on 
the mounting flange 450 such that a bottom surface 438 of the 
housing 430 is fixed on the mounting flange 450 and the first, 
second, and third electrical conductors 462, 464, and 474 are 
all in electrically conductive communication. The conductiv 
ity detector 490 can thus detect current between the first and 
second electrically conductive leads 480 and 482. 
0064. However, the nut 420 may become loose, or other 
wise move relative to the mounting flange 450 to an undesired 
position (or more generally, a second position) different from 
the desired (or first) position mentioned above, and thereby 
rotate about the bolt 440. In the embodiment shown, such 
rotation of the nut 420 causes Substantially-equivalent rota 
tion of the interface 432 relative to housing 430, which causes 
the contact surface 476 of the third electrical conductor 474 to 
slide in a peripheral direction over the contact surfaces 470 
and 472 of the first and second electrical conductors 462 and 
464. If the interface 432 rotates a sufficient amount relative to 
the housing 430, then the third electrical conductor 474 will 
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become spaced apart from at least one of the first and second 
electrical conductors 462 and 464, and thus electrical com 
munication between the first and second electrically conduc 
tive leads 480 and 482 becomes broken. The first, second, and 
third electrical conductors 462, 464, and 474 thus function as 
a contact bridge having a conductivity that may vary in 
response to a position of the interface 432 relative to the 
housing 430, and thus a conductivity that varies in response to 
movement of the nut 420 relative to the bolt 440. Part of the 
contact bridge (e.g. the first and second electrical conductors 
462 and 464) is held by the housing 430, and part of the 
contact bridge (e.g. the third electrical conductor 474) is held 
by the interface 432. However, in alternative embodiments, 
the contact bridge may be reversed such that the first and 
second electrical conductors 462 and 464 are held by the 
interface 432, and the third electrical conductor 474 is held by 
the housing 430. Therefore, more generally, the contact 
bridge has first and second sides, one of the first and second 
sides of the contact bridge includes the first and second elec 
trical conductors 462 and 464, and the other one of the first 
and second sides of the contact bridge includes the third 
electrical conductor 474. 

0065. As indicated above in the embodiment shown, the 
interface 432 holds one side of the contact bridge, and also 
rotates with the nut 420 around the bolt 440, and thus the 
interface 432 may be referred to as a connector that connects 
a first side of a contact bridge to a fastener (the nut 420 in the 
embodiment shown) for movement in response to movement 
of the fastener. 

0.066 Also, as indicated above in the embodiment shown, 
the housing 430 holds one side of the contact bridge, and is 
also fixed on the mounting flange 450 such that the housing 
remains stationary relative to the mounting flange 450 and 
does not rotate around the bolt 440 even if the nut 420 does 
rotate around the bolt 440, and thus the housing 430 may be 
referred to as a connector that connects a second side of the 
contact bridge to an object (the mounting flange 450 in the 
embodiment shown) to remain stationary relative to the 
object. 
0067. In general, the housing 430 and the interface 432 
may cooperate to change a conductivity measurable by the 
conductivity detector 490 in response to loosening of the nut 
420 from a relatively tightened position, and thus in general 
the housing 430 and the interface 432 may function as an 
apparatus to detect if the nut 420 moves from a desirable 
position (the relatively tightened position in the embodiment 
shown) to an undesirable position (e.g. a relatively loosened 
position) relative to an object (the mounting flange 450 in the 
embodiment shown). 
0068. The first, second, and third electrical conductors 
462, 464, and 474 may be made of any conductive material or 
materials, and in some embodiments may include magnetic 
materials or conductive magnetic materials to urge magneti 
cally the third electrical conductor 474 against the first and 
second electrical conductors 462 and 464, thereby enhancing 
contact between the first, second, and third electrical conduc 
tors 462, 464, and 474 when the interface 432 is positioned in 
the housing 430 such that the third electrical conductor 474 is 
proximate the first and second electrical conductors 462 and 
464. In the alternative, separate magnets/magnetic materials 
may be provided in the housing and the interface and arranged 
to urge the conductor(s) of the interface against the conductor 
(s) of the housing. 
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0069. The first and second electrical conductors 462 and 
464 include respective safety nubs 492 and 494 projecting 
from the contact surfaces 470 and 472 respectively. The 
safety nubs 492 and 494 (illustrated in FIG. 4C) extend into 
the path of the third electrical conductor 474 and may limit 
rotation of the interface 432 within the housing 430. In some 
embodiments, the peripheral width 468 may exceed the 
peripheral spacing distance 466 by a sufficient amount Such 
that if the housing 430 is in a predetermined position and the 
nut 420 is tightened to a desired position, the interface 432 
may be positioned to receive the nut 420 such that the first, 
second, and third electrical conductors 462, 464, and 474 are 
all in electrically conductive communication. For example, in 
one embodiment, the peripheral width 468 may exceed the 
peripheral spacing distance 466 by a sufficient amount Such 
that the first, second, and third electrical conductors 462, 464, 
and 474 remain in electrically conductive communication 
when the interface 432 is rotated within the housing 430 by at 
least an appropriate angle Such as 45° or 60°, for example. 
The embodiment shown therefore permits some movement of 
the nut 420 relative to the bolt 440 before conductivity across 
the contact bridge is lost, thereby permitting the sensor 
assembly 400 to be positioned on the nut 420, with the elec 
trical conductors 462, 464, and 474 in electrically conductive 
communication, regardless of a particular orientation that the 
nut 420 may have when the nut 420 is tightened. In other 
words, in the embodiment shown, the third electrical conduc 
tor474 is positionable to contact the first and second electrical 
conductors 462 and 464 when the nut 420 is in a first position, 
and the third electrical conductor 474 is spaced apart from at 
least one of the first and second electrical conductors 462 and 
464 when the nut 420 has rotated to a second position differ 
ent from the first position. 
0070. Other embodiments may include single contact 
points instead of a contact bridge. For example, some 
embodiments, may have two conductors—one contact point 
on the housing and another on the interface. A conductivity 
monitor may detect rotation of a fastener by monitoring the 
electrical conductivity between the contact point on the hous 
ing and the contact point on the interface. Alternatively, the 
third conductor may be broken into two contacts separated by 
a gap and connected by a wire or other suitable electrically 
conducting means. Still other embodiments may include con 
tact bridges designed to permit a predetermined amount of 
movement before electrical conductivity of the contact bridge 
changes so as to indicate a loose fastener. 
0071. After a fastener is loosened and then re-torqued, it 
may be in a new position after being re-torqued. The sensor 
assembly may be removed and re-attached to adjust the rela 
tive positioning of the first and second electrical conductors 
on the one hand and the third electrical conductor on the other 
hand to improve performance of the sensor assembly. 
0072 The angular extents of the first, second and third 
electrical conductors may be chosen Such that a sensor assem 
bly 400 can provide a detectable change in electrical conduc 
tivity if the fastener rotates to a position outside of a desired 
range of rotational positions of the nut, and to be robust with 
respect to positioning. For example, in the case of a hexagonal 
nut, the first, second and third electrical conductors may span 
approximately 60 degrees (or 116" of a full rotation) to 
accommodate different rotational positions of the nut when 
torqued or re-torqued to a desired value. 
0073. It can be appreciated that a sensor assembly 400 can 
be made by appropriate selection of the configuration of the 
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first, second and third electrical conductors to be sensitive to 
rotation of a fastener through a desired range. For example, in 
Some applications it is desirable to ensure that a signal will be 
generated if a monitored fastener rotates more than, for 
example, 90 degrees or 180 degrees from its position when 
properly tightened. A sensor assembly 400 can be made to 
ensure that Such rotations can be detected. For example, in 
embodiments where the third electrical conductor spans 
approximately 60 degrees the apparatus can be made to be 
sensitive to relative rotations of the nut of between a few 
degrees and almost 60 degrees depending on the span of the 
gap separating the first and second electrical conductors. The 
apparatus may detect both clockwise and counter-clockwise 
rotations of the nut. 
0074 The illustrated embodiments illustrate example 
geometries and shapes of the contacts and contact bridge. Any 
other Suitable geometries and shapes may be used. For 
example, the contacts may be located on an outer cylindrical 
Surface rather than in a plane perpendicular to the bolt. Con 
tacts may connect to make a low-resistance DC current path 
as illustrated. Alternatively, contacts may be configured to 
sense proximity of each other, for example by monitoring an 
AC signal capacitively-coupled when the contacts overlap 
with each other. 
0075. The contacts are electrically conducting, and may 
optionally be magnetic to help provide more robust attach 
ment between each other when in contact. 

0076. In some embodiments, the first, second and third 
electrical conductors act essentially as a switch, which exhib 
its electrical conductivity when the third electrical conductor 
is in electrical contact with both of the first and second elec 
trical conductors and much lower electrical conductivity oth 
erwise. In other embodiments rotation of the sensor assembly 
results in a varying electrical characteristic, such as a varying 
resistance or a varying impedance or a varying capacitance 
etc. One approach to sensing rotation of a fastener is to 
measure the electrical characteristic when the fastener is in a 
desired position (e.g. properly tightened), record the value of 
the electrical characteristic (e.g. in a data store in the sys 
tem—the data store may be located in the sensor transceiver 
package or in another part of the system). In operation the 
system may periodically monitor the electrical characteristic. 
If the fastener loosens, a change in the electrical characteristic 
relative to the stored value will be detected. A warning signal 
may be generated and a warning indicator may be operated in 
the case that a difference between a measured value of the 
electrical characteristic and the stored value exceeds a thresh 
old. 

0077. In some embodiments, the sensitivity of the moni 
toring apparatus to movement of the fastener may be 
increased by performing calibration of the sensor assemblies. 
Calibration may be achieved, for example, by determining 
exactly where on the contact pads the bridge resides for 
different values of the electrical characteristic and then 
recording this in a table accessible to a CPU in the sensor 
transceiver package. A sensitivity of better than 10 degrees 
may be achieved through suitable calibration. 
0078. Also, although the sensor assembly 400 in the 
embodiment shown is adapted to mount to a six-sided hex 
agonal fastener such as nut 420, one skilled in the art will 
appreciate that the sensor assembly 400 may be varied for 
other rotatable fasteners such as rotatable four- or five-sided 
nuts, TorxTM fasteners, or linearly movable fasteners such as 
pins, for example. In an embodiment adapted for monitoring 
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linearly movable fasteners the first, second and third electrical 
conductors may are configured to be co-linear along the line 
of movement of the fastener. If there is sufficient movement of 
the fastener, then contact between one of the first and second 
electrical conductors and the third electrical conductor will 
break the contact bridge. 
0079. One skilled in the art will appreciate that the dimen 
sions of the housing 430 and of the interface 432, and the 
dimensions of the first, second, and third electrical conduc 
tors 462, 464, and 474 and spacings therebetween, may be 
selected for particular fasteners, whether rotatable or other 
wise, such that the third electrical conductor 474 is position 
able to contact the first and second electrical conductors 462 
and 464 when the particular fastener is in a first position, and 
the third electrical conductor 474 is spaced apart from at least 
one of the first and second electrical conductors 462 and 464 
when the particular fastener is in a second position different 
from the first position. 
0080. The conductivity detector 490 can detect a change 
(typically a reduction) in conductivity between the first and 
second electrically conductive leads 480 and 482 resulting 
from rotation of the interface 432 within the housing 430, and 
the conductivity detector 490 can thereby detect loosening of 
the nut 420 on the bolt 440. 
I0081. In summary, the embodiment shown includes an 
electrical sensor having conductivity that changes in response 
to movement, Such as loosening, of a nut or other fastener. It 
will be appreciated that in alternative embodiments, such 
movement need not be rotational, but an alternative embodi 
ment could detect linear motion. Alternative embodiments 
also need not be limited to fasteners, but could more generally 
detect movement of elements in response to changes of con 
ductivity associated with Such movements. 
0082 In the embodiment shown in FIG.4A, sensor assem 
bly 400 may be referred to as a “single fastener” sensor 
assembly because the sensor assembly 400 is configured to 
detect a position of a single nut. FIG. 5A is a plan view of an 
embodiment of a “single fastener sensor assembly 500A. 
The single fastener sensor assembly 500A includes a housing 
520 positioned about nut 510. The first and second electri 
cally conductive leads 540 and 542 are connected to a sensor 
transceiver package 550 which in turn is connected to a power 
source 560. The single fastener sensor assembly may be fab 
ricated on a substrate 530. 

I0083 FIG. 5B is a plan view of an embodiment of a “mul 
tiple fastener' sensor assembly 500B. The illustrated 
example shows a sensor assembly for monitoring four nuts 
510A-D. The multiple fastener assembly 500B has sensors 
520A-D corresponding to the four nuts 510A-D. A sensor 
transceiver package 550 is connected to monitor sensors 
52OA-D. 

I0084. Sensor transceiver package 550 may be connected 
to sensors 520A-D in various ways. For example, in the 
illustrated embodiment, electrically conductive leads 
540A-E connect the electrical conductors in the four sensors 
520A-D in series. Therefore, if any one of the nuts 510A-D 
becomes loose or otherwise moves sufficiently to break its 
respective contact bridge, the current detector in sensor trans 
ceiverpackage 550 will detect a reduction in conductivity and 
will thus detect the loose nut. Sensor transceiverpackage 550 
may identify the loose nut and transmit a signal to the com 
munication module (not shown). The loose nut may be iden 
tified for example by measuring a change in an electrical 
characteristic. The sensors corresponding to each nut may be 
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configured to cause a change in an electrical characteristic 
indicative of each nut. For example, each sensor may have a 
different electrical resistance when the contacts of the contact 
bridge are not touching (this may be provided by a resistor in 
parallel with the contact bridge, for example or by resistance 
integrated into the contact bridge). A CPU in sensor trans 
ceiver package 550 may compute the identity of the loose nut 
by means of a look-up table of values for different configu 
rations of loose nuts, for example. 
0085. Sensor assemblies and nuts may be assigned unique 
IDs that may be transmitted by sensor transceiver package 
550 as part of the signal to the communication module. Appli 
cation of sensor assemblies such as 400, 500A and 500B is 
not limited to monitoring fasteners on the wheels of vehicles 
or in wind turbines, but may be applied to fasteners such as 
nuts in a large variety of applications, such as nuts on other 
elements of machinery, for example. Further, one or more of 
the sensor assemblies 400, 500A and 500B may be mounted 
on a Substrate to maintain the apparatuses in a convenient 
single installable or replaceable unit (see for example FIG. 7). 
I0086 FIGS. 6A-E are views of components of an example 
sensor assembly comprising an innerinterface part 600A, and 
an outer housing part 600B. Inner interface part 600A can 
interface to a nut or other fastener and can rotate relative to 
outer housing part 600B. Electrical contacts can be provided 
on inner interface part 600A and outer housing part 600B to 
permit detection of Such rotation. 
I0087 FIGS. 6A and 6B show a plan view and cross-sec 
tion respectively of the inner interface part 600A with an 
opening 610 for the nut. The interface part 600A includes 
material 620 to grip the nut, and a rigid housing 630 for the 
material 620. 

0088 FIGS. 6C and 6D show a plan view and cross-sec 
tion respectively of the outer housing 600B comprising a rigid 
snap-together housing 650. FIG. 6D is a cross-section of the 
outer housing 600B from FIG. 6C taken along the line X-X in 
FIG. 6C. Referring to FIG. 6E, housing 650 may be made up 
of parts 650-1 and 650-2 that can be mechanically coupled to 
enclose inner interface part 600A. For example, parts 650-1 
and 650-2 may be configured to snap together i.e. to form a 
mechanical coupling without the need for any additional parts 
or material. In alternative embodiments, parts 650-1 and 
650-2 may be joined in other ways, for example by suitable 
adhesives, plastic welding, pins, screws or other fasteners etc. 
I0089 FIG. 6E illustrates how the outer housing 600B fits 
together around interface part 600A to form a complete sen 
Sor 600. 

0090 Electrical contacts forming a contact bridge (not 
shown in FIGS. 6A to 6C) are provided on outer housing 
600B and interface part 600A. Indicia and/or a suitable 
mechanism may be provided to assist in initial positioning of 
the contact bridge. For example, one or more magnetic ele 
ments may be provided to assist in initial positioning of the 
contact bridge. The magnetic elements are arranged Such that 
they interact to draw inner interface part 600A to an orienta 
tion Such that the electrical contacts making up the contact 
bridge are in a desired initial configuration relative to one 
another. As a non-limiting example, the magnetic elements 
may be arranged to draw inner interface part 600A to a posi 
tion Such that the contact bridge is symmetrical (e.g. the third 
conductor overlaps the first and second conductors equally). 
A mechanical detent mechanism or bias mechanism which 
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releasably holds and/or biases The electrical contacts making 
up the contact bridge into a desired initial configuration is 
another option. 
0091 For example, in the illustrated embodiment, inner 
interface part 600A includes an optional embedded magnetic 
bridge 640 and outer housing 600B includes two optional 
embedded magnetic contacts 660 and 662. The magnetic 
contacts can be integrated with the electrical conductors in a 
single structure, for example. These components are arranged 
such that inner interface part 600A is drawn toward a position 
in which electrical contacts of the contact bridge are in con 
tact with one another. 
0092 FIG. 7 is a schematic representation of a complete 
sensor assembly 700 mounted on a substrate 710. The illus 
trative example shown in FIG. 7 does not include the mag 
netic elements 640, 660 and 662 shown in FIGS. 6A-C. 
(0093. As shown in FIGS. 7A and 7B, mounting the sensor 
assembly on a Substrate may maintain any Suitable number of 
sensor assemblies in a convenient single installable or 
replaceable unit. Units may be sized to accommodate any 
Suitable range of nut sizes and any suitable arrangement of 
nuts. FIG. 7A shows a plan view of sensor assembly 700. FIG. 
7B shows a cross-section through the centre of sensor assem 
bly 700 from FIG. 7A. 
(0094) Referring to FIGS. 7A and 7B, sensor assembly 700 
includes substrate 710. The nut (not shown) is gripped by 
material 720 surrounded by rigid inner housing 730. The 
outer housing 740 comprises two electrical contacts 742 and 
744. The third electrical contact (640 from FIG. 6A) is not 
visible in FIG. 7A. The sensor assembly is connected to the 
sensor transceiver package (not shown) via electrically con 
ductive leads or traces 750 and 752. 
(0095 Referring back to FIG.3, in the embodiment shown, 
each of the aforementioned sensor assemblies is in wireless 
communication with a communication module 380. Commu 
nication module 380 may be placed in any suitable location. 
Communication module 380 should be placed to ensure reli 
able wireless communication to the sensor assemblies. 
0096. In one example embodiment, the sensor assemblies 
communicate with the communication module 380 using 
radio signals in a frequency band from about 423 MHZ to 
about 433 MHz, or at a frequency of about 441 MHz, for 
example. In another embodiment, the sensor assemblies com 
municate may with the communication module 380 using 
radio signals in a frequency band from about 902 MHZ to 
about 928 MHz, or in a combination of frequency bands such 
as the aforementioned frequency bands. In some embodi 
ments the radio signals may be in the band 40.66-40.70 and 
above 70 MHz, or otherwise according to 47 CFR 15.231, for 
example. 
0097. Further, the sensor assemblies and the communica 
tion module 380 may be in communication using a CC 1110 
development kit available from Texas Instruments Incorpo 
rated of Dallas, Tex., United States of America. For example, 
the CC 1110 development kit includes SmartRFTM04 evalu 
ation boards and CC111 OEM 433 MHz evaluation modules 
that may facilitate wireless communication using Gaussian 
frequency-shift keying (“GFSK). Further, “Splatch' anten 
nas (ANT-433-SP) available from Antenna Factor of Merlin, 
Oreg., United States of America may be suitable for use. For 
example, such “Splatch' antennas have relatively omni-di 
rectional radiation patterns, which may be suitable when 
incorporated in an apparatus having metallic components, 
and such “Splatch' antennas may be connected with semi 
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rigid coaxial cables to modules of the CC1110 development 
kit. However, wireless connections are not necessary, and in 
alternative embodiments, one or more of the sensor assem 
blies may be connected by one or more wires to the commu 
nication module 380. 

0098. In one embodiment, the sensor assemblies 
described above cache data retrieved from sensors and trans 
mit such data periodically in periodic operational property 
signals to the communication module 380. Operating peri 
odically rather than continuously can advantageously reduce 
battery power consumption of the sensor assemblies. The 
sensor assemblies may transmit operational property signals 
in predetermined time intervals of five minutes, for example. 
Alternatively, the sensor assemblies may be programmed to 
detect particular error conditions from the sensors (such as a 
loose nut, for example) and transmit an operational property 
signal in response to Such error conditions immediately and 
independently of such a predetermined time interval. 
0099. In the embodiment shown, the aforementioned sen 
sor assemblies each include a processor circuit programmed 
to poll a sensor value periodically, and a computer readable 
memory encoded with program codes to direct the processor 
circuit to respond to a polling cycle. However, alternative 
embodiments may include application-specific integrated cir 
cuits (ASICs”) or processors that respond to various polling 
cycles or interrupts, for example. 
0100 FIG. 8 shows exemplary program instructions 
which may be applied, for example, in one sensor assembly. 
Program instructions are shown Schematically and indicated 
generally at 800. Program instructions 800 include a plurality 
of blocks of codes generally for instructing the processor 
circuit to perform a polling cycle. The program instructions 
800 in the embodiment shown therefore begins at 810 in 
response to a particular polling cycle, and continues at block 
820, which includes codes for directing the processor circuit 
to retrieve a value from a sensor of the sensor assembly and 
cache the retrieved value. The program instructions 800 then 
continue at block 830, which includes codes for directing the 
processor circuit to determine whether the retrieved value 
represents an error condition (such as looseness of a nut). If 
so, then the program instructions 800 continue at block 840, 
which includes codes for directing the processor circuit to 
transmit an operational property signal (such as an alert and/ 
or loose nut ID) immediately to the communication module 
380, and the program instructions 800 then end. Otherwise, 
the program instructions 800 continue at block 850, which 
includes codes for directing the processor circuit to determine 
whether a predetermined operational property signal time 
interval has expired. If not, then the program instructions 800 
end. But if at block 850 the predetermined operational prop 
erty signal time interval has expired, then the program 
instructions 800 continue at block 860, which includes codes 
for directing the processor circuit to transmit an operational 
property signal to the communication module 380, and the 
program instructions 800 then end at step 870. 
0101. In the embodiment shown, when the communica 
tion module 380 receives an input operational property signal 
from a sensor assembly in response to either block 840 or 860, 
the communication module 380 repeats the operational prop 
erty signal as an output operational property signal and trans 
mits the output operational property signal to a remote moni 
toring station 180 shown in FIG. 1A. The remote monitoring 
station 180 may include Supervisory control and data acqui 
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sition (“SCADA) software to display data collected from 
any number of sensor assemblies. 
0102. When viewing representations of such data on dis 
play unit 140 or at the remote monitoring station 180 from 
FIG. 1A, an operator of machine 110 may observe error 
conditions or other undesirable conditions in machine 110, 
and the operator may then address such conditions in a Suit 
able way, for example by bringing the machine to a halt and 
inspecting the nuts for looseness. 
0103) Sensor assemblies as described above may be bat 
tery powered to permit the sensor assemblies to be positioned 
on moving or remote parts of a machine. It has been found that 
the sensor assemblies may have radio signal ranges of about 
50 meters (or about 164 feet) while maintaining satisfactory 
battery life. In contrast, the communication module 380 may 
have a larger battery than the sensor assemblies, or the com 
munication module 380 may have a power source other than 
a battery. Therefore, the communication module may func 
tion as a 'hub' of a "Zone of various sensor assemblies, and 
the Zone may be associated with a system Such as the wind 
turbine 300 in the embodiment shown. In alternative embodi 
ments, such a "Zone' may be associated with one of a plurality 
of such systems. 
0104 Such a “Zone' may be associated with one of many 
other systems, which are not at all limited to wind turbines. As 
one non-limiting example, Sucha system may include a motor 
vehicle, and in Such a system sensor assemblies such as those 
described herein may measure operational properties such as 
temperature of Such elements, air pressure in one or more 
tires, or other operational properties such as those described 
herein. 
0105. Although specific embodiments have been 
described and illustrated, such embodiments should be con 
sidered illustrative of the invention only, and not as limiting 
the invention as construed in accordance with the accompa 
nying claims. 

Interpretation of Terms 
0106 Unless the context clearly requires otherwise, 
throughout the description and the claims: 

0.107 “comprise.” “comprising.” and the like are to be 
construed in an inclusive sense, as opposed to an exclu 
sive or exhaustive sense; that is to say, in the sense of 
“including, but not limited to. 

0.108 “connected.” “coupled,” or any variant thereof, 
means any connection or coupling, either direct or indi 
rect, between two or more elements; the coupling or 
connection between the elements can be physical, logi 
cal, or a combination thereof. 

01.09 “herein “above.” “below, and words of similar 
import, when used to describe this specification shall 
refer to this specification as a whole and not to any 
particular portions of this specification. 

0110 "or” in reference to a list of two or more items, 
covers all of the following interpretations of the word: 
any of the items in the list, all of the items in the list, and 
any combination of the items in the list. 

0.111 the singular forms “a”, “an and “the also 
include the meaning of any appropriate plural forms. 

0112 Words that indicate directions such as “vertical'. 
“transverse”, “horizontal”, “upward”, “downward”, “for 
ward”, “backward”, “inward”, “outward”, “vertical, “trans 
verse”, “left”, “right”, “front”, “back”, “top”, “bottom', 
“below”, “above”, “under, and the like, used in this descrip 
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tion and any accompanying claims (where present) depend on 
the specific orientation of the apparatus described and illus 
trated. The subject matter described herein may assume vari 
ous alternative orientations. Accordingly, these directional 
terms are not strictly defined and should not be interpreted 
narrowly. 
0113 Embodiments of the invention may be implemented 
using specifically designed hardware, configurable hardware, 
programmable data processors configured by the provision of 
software (which may optionally comprise firmware) 
capable of executing on the data processors, special purpose 
computers or data processors that are specifically pro 
grammed, configured, or constructed to perform one or more 
steps in a method as explained in detail herein and/or combi 
nations of two or more of these. Examples of specifically 
designed hardware are: logic circuits, application-specific 
integrated circuits (ASICs'), large scale integrated circuits 
(“LSIs), very large scale integrated circuits (“VLSIs) and 
the like. Examples of configurable hardware are: one or more 
programmable logic devices such as programmable array 
logic (“PALs”), programmable logic arrays (“PLAs) and 
field programmable gate arrays (“FPGAs). Examples of pro 
grammable data processors are: microprocessors, digital sig 
nal processors (“DSPs), embedded processors, graphics pro 
cessors, mathco-processors, and the like. For example, one or 
more data processors in a control circuit for a machine or 
other device may implement methods as described herein by 
executing software instructions in a program memory acces 
sible to the processors. 
0114 Processing may be centralized or distributed. Where 
processing is distributed, information including Software and/ 
or data may be kept centrally or distributed. Such information 
may be exchanged between different functional units by way 
of a communications network, such as a Local Area Network 
(LAN), Wide Area Network (WAN), or the Internet, wired or 
wireless data links, electromagnetic signals, or other data 
communication channels. 

0115 While processes or blocks are presented in a given 
order, alternative examples may perform routines having 
steps, or employ systems having blocks, in a different order, 
and some processes or blocks may be deleted, moved, added, 
subdivided, combined, and/or modified to provide alternative 
or Subcombinations. Each of these processes or blocks may 
be implemented in a variety of different ways. Also, while 
processes or blocks are at times shown as being performed in 
series, these processes or blocks may instead be performed in 
parallel, or may be performed at different times. In addition, 
while elements are at times shown as being performed 
sequentially, they may instead be performed simultaneously 
or in different sequences. 
0116. The invention may also be provided in the form of a 
program product. The program product may comprise any 
non-transitory medium which carries a set of computer-read 
able instructions which, when executed by a data processor, 
cause the data processor to execute a method of the invention. 
Program products according to the invention may be in any of 
a wide variety of forms. The program product may comprise, 
for example, non-transitory media such as magnetic data 
storage media including floppy diskettes, hard disk drives, 
optical data storage media including CD ROMs, DVDs, elec 
tronic data storage media including ROMs, flash RAM, 
EPROMs, hardwired or preprogrammed chips (e.g., 
EEPROM semiconductor chips), nanotechnology memory, 
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or the like. The computer-readable signals on the program 
product may optionally be compressed or encrypted. 
0117. In some embodiments, the invention may be imple 
mented in software suitably embodied for execution on a data 
processor. For greater clarity, “software' includes any 
instructions executed on a processor, and may include (but is 
not limited to) firmware, resident Software, microcode, and 
the like. Both processing hardware and software may be 
centralized or distributed (or a combination thereof), in whole 
or in part, as known to those skilled in the art. For example, 
software and other modules may be accessible via local 
memory, via a network, via a browser or other application in 
a distributed computing context, or via other means Suitable 
for the purposes described above. 
0118 Where a component (e.g. a software module, pro 
cessor, assembly, device, circuit, etc.) is referred to above, 
unless otherwise indicated, reference to that component (in 
cluding a reference to a “means’) should be interpreted as 
including as equivalents of that component any component 
which performs the function of the described component (i.e., 
that is functionally equivalent), including components which 
are not structurally equivalent to the disclosed structure 
which performs the function in the illustrated exemplary 
embodiments of the invention. 
0119) Specific examples of systems, methods and appara 
tus have been described herein for purposes of illustration. 
These are only examples. The technology provided herein 
can be applied to systems other than the example systems 
described above. Many alterations, modifications, additions, 
omissions and permutations are possible within the practice 
of this invention. This invention includes variations on 
described embodiments that would be apparent to the skilled 
addressee, including variations obtained by: replacing fea 
tures, elements and/or acts with equivalent features, elements 
and/or acts; mixing and matching offeatures, elements and/or 
acts from different embodiments; combining features, ele 
ments and/or acts from embodiments as described herein with 
features, elements and/or acts of other technology; and/or 
omitting combining features, elements and/or acts from 
described embodiments. 
0.120. It is therefore intended that the following appended 
claims and claims hereafter introduced are interpreted to 
include all Such modifications, permutations, additions, 
omissions and Sub-combinations as may reasonably be 
inferred. The scope of the claims should not be limited by the 
preferred embodiments set forth in the examples, but should 
be given the broadest interpretation consistent with the 
description as a whole. 
What is claimed is: 
1. Apparatus for detecting rotation of a fastener relative to 

an object; the apparatus comprising: 
a first part having an aperture configured to receive and 

non-rotationally engage a part of the fastener that is 
rotatable relative to the object; 

a second part between the first part and the object, the 
second part comprising a base configured to non-rota 
tionally engage the object; 

an electrical current path extending between first and sec 
ond electrical conductors on the second part wherein the 
electrical current path extends from the second part into 
the first part, through the first part and back into the 
second part wherein rotation of the first part relative to 
the second part results in a varying electrical character 
istic of the current path, the variable electrical charac 
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teristic having distinct values for each of multiple dif 
ferent relative angular positions of the first and second 
parts. 

2. Apparatus according to claim 1 wherein the first part is 
rotatably coupled to the second part for rotation relative to the 
second part about an axis and the second part is apertured on 
the axis to receive the fastener. 

3. Apparatus according to claim 1 comprising a monitoring 
circuit connected to monitor the value of the electrical char 
acteristic of the circuit path. 

4. Apparatus according to claim 3 wherein the electrical 
characteristic comprises at least one of a varying electrical 
resistance; a varying electrical impedance and a varying 
capacitance. 

5. Apparatus according to claim 4 comprising a data store 
and a processor configured to compare the value of the elec 
trical characteristic determined by the monitoring circuit to a 
reference value stored in the data store and to generate a signal 
if the value of the electrical characteristic determined by the 
monitoring circuit differs by more than a threshold amount 
from the reference value. 

6. Apparatus according to claim 4 comprising a data store 
containing a table relating different values of the electrical 
characteristic to different relative angles between the first and 
second parts. 

7. Apparatus according to claim 6 comprising a processor 
configured to compare the value of the electrical characteris 
tic determined by the monitoring circuit to a reference value 
stored in the data store and to generate a signal if the value of 
the electrical characteristic determined by the monitoring 
circuit differs by more than a threshold amount from the 
reference value. 

8. A sensor assembly comprising: 
the apparatus of claim 1; and 
a detector in electrical communication with the first and 

second electrical conductors and configured to generate 
a notification in response to a change in electrical con 
ductivity of the current path. 

9. The sensor assembly of claim 8 wherein the notification 
comprises a radio frequency signal. 

10. The sensor assembly of claim 9 comprising a wireless 
transmitter connected to transmit a signal comprising the 
notification to a communication module. 

11. The sensor assembly of claim 10 comprising a data 
processor configured to periodically operate the detector, 
cache data representing an output of the detector and transmit 
the cached data periodically in periodic operational property 
signals a the communication module by way of the wireless 
transmitter. 

12. Apparatus according to claim 1 wherein the current 
path comprises a contact bridge having a first side Supported 
on the first part and a second side Supported on the second part 
wherein one of the first and second sides of the contact bridge 
includes first and second spaced-apart electrically-conduc 
tive bodies and the other one of the first and second sides of 
the contact bridge includes a third electrically-conductive 
body arranged to bridge between the first and second electri 
cally-conductive bodies for a range of angles of relative rota 
tion of the first and second parts. 
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13. Apparatus for detecting movement of a fastener away 
from a first position relative to an object, the apparatus com 
prising: 

a contact bridge having first and second sides wherein one 
of the first and second sides of the contact bridge 
includes first and second spaced-apart electrically-con 
ductive bodies and the other one of the first and second 
sides of the contact bridge includes a third electrically 
conductive body dimensioned to bridge between the first 
and second electrically-conductive bodies; 

a first connector operative to couple the first side of the 
contact bridge to move together with the fastener if the 
fastener moves relative to the object; 

a second connector operative to connect the second side of 
the contact bridge to remain stationary relative to the 
object; 

wherein, when the first connector couples the first side to the 
fastener in the first position and the second connector couples 
the second side to the object, the third electrically-conductive 
body is positionable to bridge between the first and second 
electrically-conductive bodies and motion of the fastener 
relative to the object causes change in a value of an electrical 
characteristic of a current path extending through the first, 
second and third electrically-conductive bodies. 

14. Apparatus according to claim 13 wherein the third 
electrically-conductive body is spaced apart from at least one 
of the first and second electrically-conductive bodies when 
the fastener is moved to a second position different from the 
first position. 

15. Apparatus according to claim 13 further comprising a 
detector in electrical communication with the current path, 
the detector configured to determine the value of the electrical 
characteristic. 

16. Apparatus according to claim 15 further comprising a 
data store operative to store a reference value; 

a monitor configured to periodically compare the reference 
value to a present value of the electrical characteristic 
determined by the detector; and 

a warning indicator, wherein the monitor is operative to 
operate the warning indicator if an absolute difference 
between the present value and the reference value 
exceeds a predetermined threshold. 

17. Apparatus according to claim 13 wherein the electrical 
characteristic comprises a varying electrical resistance, elec 
trical impedance or variable capacitance. 

18. Apparatus according to claim 13 wherein the fastener 
comprises a bolt or nut and the motion of the fastener relative 
to the object comprises rotary motion. 

19. Apparatus according to claim 13 wherein the fastener 
comprises a linearly-movable fastener and the first, second 
and third electrically-conductive bodies are configured to be 
co-linear along a line of movement of the fastener. 

20. Apparatus according to claim 13 comprising a data 
store accessible to a processor, the data store containing a 
table relating different values of the electrical characteristic to 
different relative positions of the first and second sides of the 
contact bridge. 


