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(57) Abstract: A conveyor or drive chain wear monitor
includes two sensors spaced apart from one another a
predetermined distance which is less than the distance
between the two selected measuring points on a chain.
Two timers are provided, one of which is a chain speed
timer and the other of which is the chain wear timer. The
two timers are both controlled by the spaced sensors.
The problem of sensor beams being broken by irrelevant
beam breaking obstacles located between the successive
spaced measuring points is solved by providing an ig-
nore obstacle software routine in the wear monitor com-
puter. The ignore obstacle sottware routine allows a user
to program the monitor to ignore any number of irrelev-
ant obstacles which might occur between two spaced
measuring points on a chain.
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CHAIN WEAR MONITORING DEVICE
FIELD AND BACKGROUND OF THE INVENTION

[0001] The present invention relates to chain wear monitoring devices. Such devices are
designed to determine the extent of wear on a chain while it is moving. Such devices are used
for example to monitor wear on moving chains used in overhead conveyors. Such chains wear at
the junction between the links of the chain, and often occur at the pins which are used to join
adjacent links of the chain.

[0002] Often, such devices use one or more light beams or laser beams which are broken by
passing measuring points on the chain. By using a first measuring point on one chain link, and a
second another measuring point on a following chain link, one can use various different
algorithms to determine the wear occurring between those measuring points. In US patent
6,993,978, entitled Pin Detection System, pins or like projections, which project from the top of
link pins in the chain, are provided as measuring points. One advantage to the use of such pins is
that there are no intervening irrelevant light blocking items at which a light or laser beam might
be broken. For example, some chains use guide rollers which extend across the opening between
side links, and interfere with using the leading edge of successive center links as measuring
points. In such a chain, the beam is broken not only by the leading edge of the center link, but by
the guide roller located between successive center links.

SUMMARY OF THE INVENTION

[0003] In the chain wear monitor of the present invention, the problem of sensor beams being

broken by irrelevant beam breaking obstacles located between successive measuring points is

solved by providing an ignore obstacle software routine in the wear monitor computer. The
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ignore obstacle software routine allows a user to program the monitor to ignore any number of
irrelevant obstacles which might occur between two spaced measuring points on a chain.

[0004] These and other features, objects and advantages of the invention will be more fully
understood and appreciated by reference to the written specification and appended drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] FIG. 1 shows conveyor chain as it passes a preferred embodiment wear monitor.

[0006] FIG. 2 discloses an alternative embodiment in which wear monitor 20 is divided into a
sensor unit 20A and a computing module unit 20B.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

[0007] FIG. 1 shows a typical conveyor chain 10 as it moves passed the wear monitoring device
20 towards the right as shown in FIG. 1. Spaced center links 11 are joined to side links 12 by
pins 13. In the embodiment shown, the leading edge of each center link 11 has been chosen as a
measuring point. As shown, measuring point A1 would be the downstream measuring point
relative to measuring point B1.

[0008] The wear monitor comprises an upstream sensor L1 and a downstream sensor L2.
Sensors L1 and L2 are positioned a fixed distance dr apart. The distance dr must be a shorter
distance than the “new chain” distance dm-i between successive measuring points on chain 10.
These sensors are connected to a speed timer T1 and a wear timer T2, both of which are
connected to a clock 21 and a computing module 22. The speed timer T1 and wear timer T2
include on and off triggers which are operated by signals received from the upstream and
downstream sensors L1 and L2. The timers determine the passage of time through their
connection to clock 21. Computing module 22 records the time which passes and uses that

information to determine speed and wear.
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[0009] However, the chain 10 shown in Figure 1 utilizes guide rollers 15 mounted between the
side links 12. Guide rollers 15 represent an irrelevant beam breaking point between the desired
measuring points Al and B1l. The preferred embodiments of the wear monitor of the present
invention afford two different ways to implement the ignore obstacle software routine of the
invention. The first is a “count break” software routine 40, which the user can program to
directly ignore any desired number of beam breaks occurring between the desired measuring
points A1, B1 on the chain 10. When the sensor L1 or L2 senses the desired measuring point by
having its beam broken, the count break routine 40 causes the wear monitor to ignore the next
one or more beam breaks which occur, based on the number which the user has entered into the
monitor.

[0010] The second is a “time delay” software routine 50 which creates a delay between the
sensing of the desired beam breaking point by the beam of sensors L1 and L2, and the time at
which the sensor will again sense an obstacle. At the initial sensing, software routine 50
deactivates the sensor L1 or L2. It then delays reactivation of the sensor for the determined
period of the time delay. This time delay is determined by the software routine 50 based on the
speed of the chain and the distance the between desired measuring points. The delay in
reactivation of the sensor is sufficient to prevent the sensors from recognizing intervening
irrelevant beam breaking obstacles such as guide roller 15, but short enough to reactivate the
sensor before the desired measuring point arrives at the sensor. In the wear monitor embodiment
included herein, the speed is determined substantially instantaneously as the chain passes sensors
L1 and L2. By programming the known distance between desired wear points into the time

delay routine, the software will calculate the necessary time delay and implement it as a function
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of the indicated time passing on clock 21, and the time of last activation of sensor L1 or L2,
respectively.

[0011] The “deactivation of the sensor” may be accomplished by actually turning the sensor off.
However, it is preferably accomplished by simply ignoring any breaking of the sensor beam
during the delay time.

[0012] With either the count break routine 40 or the time delay routine 50, it is believed that the
system can begin counting with any of the beam interrupting obstacles being used, so long as the
appropriate number of obstacles is ignored by the system. However, one may prefer to tell the
system when to “start.” This is accomplished by using a separate sensor to sense a start location
on the chain, which is just ahead of a desired measuring point on the chain. In the preferred
embodiment, this is accomplished using a magnetic sensor 23 as the separate sensor, and a
magnet 14 as the object to be sensed. The magnet 14 is placed on chain 10 at a point just ahead
of a desired measuring point on the chain. When the magnet sensor 23 senses magnet 14, it
informs count break routine 40 or time delay routine 50 to “start.” The position of the magnet
sensor 23 and beam sensor L1 is arranged such that the next breaking of the beam from sensor
L1 will be the passing of the next desired measuring point, which is B1 as shown in Fig 1. When
sensor L1 senses measuring point B1, both sensor L1 and sensor B1 are “deactivated” by time
delay routine 50. Alternatively, count break routine 40 counts the next obstacle which sensor L1
and L2 “see” by having their beams broken, which as shown in Figure 1 will be guide roller 15.
Since that will be the only irrelevant break as shown in Fig 1, it is the only sensor beam break
which count break routine 40 will ignore, and the next beam break after that will be counted.

[0013] The irrelevant beam break obstacles do not have to be interruptions such as guide roller

15. A user with a chain having no such interruptions might simply wish to use as measuring
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points Al and B1 the leading edges of center links which are several links apart, rather than
being adjacent as shown in Figure 1. Thus, the leading edges of several intervening center links
will break the light or laser beam between desired measuring points Al and B1. Using the
preferred embodiment wear monitors of the present invention, these intervening beam breaking
obstacles will be ignored by the wear monitor.

[0014] With the wear monitor programed by the user to ignore irrelevant intervening break
obstacles, the wear monitor will then operate in the manner set forth hereinafter, as though there
were no such intervening obstacles in the chain. Thus, for example, no intervening obstacles are
even illustrated in the chain 10 shown in Figure 2.

[0015] In operation, speed timer T1 is turned on every time upstream sensor L1 senses the
passage of a measuring point, e.g. Al, B1, etc. At the same time, upstream sensor L1 turns off
the wear timer T2. Thus when any measuring point on the chain passes sensor L1, the speed
timer T1 is turned on and the wear timer T2 is turned off.

[0016] The downstream sensor L2 turns the speed timer T1 off every time it senses the passage
of a measuring point, Al, B1, etc., ignoring any intervening irrelevant beam breaking points. On
the other hand, downstream sensor L2 turns wear timer T2 on every time a measuring point
passes it. Thus, when upstream sensor L1 senses the passage of a measuring point, speed timer
T1 is turned on, and is not turned off again until that same measuring point passes downstream
sensor L2. Knowing the fixed distance dr between upstream and downstream sensors L1 and L2,
and the speed time t; which timer T1 was on, computing module 22 can calculate the speed at

which chain 10 is moving:
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Thus as shown in FIG. 1, speed of chain 10 is being determined based on the time t; it took
measuring point Al to get from sensor L1 to sensor L2.

[0017] As measuring point Al passes sensor L2, wear timer T2 is turned on, at the same time
speed timer T1 is turned off. Timer T2 will not turn off until the successive measuring point B1
passes sensor L1. Computing module 22 can determine the degree of wear on the chain as a
function of the speed S of the chain and the wear time t which timer T2 is on, as compared to the
baseline value for the same function when the chain is new. This can be accomplished in at least
two different ways.

[0018] One formula compares the distance dm as measured currently to the initial distance dm-i
between the two measuring points, referred to as the “baseline value.” Using the speed S of the
chain and the wear time t; as determined by wear timer T2, computing module 22 can determine
the distance dm between the two successive measuring points Al and B1 as follows:

dm=(S - t2) +df
Since computer 22 has either determined or been programmed to know what the initial distance
dm.1 (the baseline value in this equation) was when chain 10 was new, computer 22 can determine
the degree of wear by subtracting dm-i from dm:

Wear W = dm — dm-

[0019] Computing module 22 is programmed such that an operator can enter the distance
between successive measuring points Al, B1, etc. when the chain is new (dm-). The initial
distance dm- input into computing module 22 can be based on operator input of the “as
manufactured” distance between said wear points. Preferably, however, the input indicating the
initial distance between each successive pair of measuring points is determined and recorded in

computing module 22 as a result of the measurements taken by wear monitor 20 during the first
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pass of chain 10 passed wear monitor 20. The operator thus has saved in computer 22 a precise
measurement of the initial distance dm.i between each adjacent pair of measuring points on chain
10. This eliminates error caused by manufacturing variability, and makes the wear measurement
ultimately taken more accurate. Indeed, it gives an accurate measurement of dm-i for each link set
in the chain.

[0020] In a second formula, the computing module can be programed to determine only the
distance dy travelled by the chain during the time t» during which wear timer T2 is on. The
distance dy is referred to for convenience as the “wear distance,” since it is used to determine
chain wear. As seen in figures 1 and 2, the wear distance is the distance dm between adjacent
measuring points on chain 10, less the distance dr between upstream and downstream sensors L1
and L2:

dw=dm- dt
Said another way, wear distance is the distance travelled by the chain between the time a
measuring point Al on chain 10 turns timer T2 on, until the subsequent measuring point B1 turns
timer T2 off. Wear can be determined by comparing the initial distance dv.i (the baseline value
in this equation) for a new chain to the dyw measured on any subsequent pass of the chain past
wear monitor 20, as follows:
dw=(S - t2) dw-i= (S - t2) for a new chain.
Wear W =dy . dw-i
As above, the initial wear distance dv.i (the baseline value), can be programmed into computing
module 22 using “as manufactured” data, or can be determined on the first pass of a new chain

past wear monitor 20.
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[0021] The accuracy of the speed and wear determinations made by wear monitor 20 is in part a
function of the distance between the upstream sensor L1 and the downstream sensor L2. As
noted above, the sensors need to be spaced a distance which is less than the distance between
adjacent measuring points Al and B1 on chain 10. Within those confines, the accuracy of the
speed determination is enhanced by spacing the sensors as far apart as possible, and the accuracy
of the wear determination is enhanced by spacing the sensors as close together as possible. As a
starting point, the distance between sensors L1 and L2 must be such that reasonably accurate
speed and wear measurements can be obtained. Preferably, one of the sensors is moveably
mounted relative to the other such that the sensors can be spaced at a distance equal to about half
to three quarters of the space between adjacent measuring points on chain 10, most preferably
about half. Preferably, each measuring point is associated with a single link set, such that the
spacing dr is equal to about half to three quarters of the nominal pitch of the chain 10 being
monitored, most preferably, about half. In the alternative, fixedly mounted sensors can be
spaced at a distance equal to about half to three quarters of the nominal pitch of the smallest
pitch chain 10 to be monitored, most preferably, about three quarters.

[0022] In the preferred embodiment, chain 10 is provided with a location marker 14, positioned
between a pair of adjacent measuring points. Wear monitor 20 includes a location marker sensor
23 which initiates or resets a counter 24. Counter 24 is also connected to upstream sensor L1
and to computing module 22. Downstream sensor L2 could also be used, but upstream sensor L1
is preferred. When wear monitor 20 is first turned on, counter 24 is idle until such time as
marker sensor 23 senses location marker 14. Location marker 14 is not sensed by either
upstream or downstream sensors L1 and L2. Tt is only sensed by marker sensor 23. When

location marker is sensed by marker sensor 23, counter 24 is initiated, or if it has already been
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running, is reset to 0. When thereafter upstream sensor L1 senses a measurement point, counter
24 counts the sensing. Preferably, marker sensor 23 is located within one link set of upstream
sensor L1, so that computing module 22 would be recording the first link set after location
marker 14 as link set number 1. Subsequent link sets would be number 2, 3, 4, seriatim, until
marker 14 passes marker sensor 23 again, resulting in a re-set of counter 24. The computing
module will keep track of wear data for each numbered link set, for each successive pass by wear
monitor 20. Of course, the display of the recorded information is preferably adjustable as a
function of wear rate, such that one could show the wear data at spaced passage intervals, e.g.
every ten passes or every 25 passes, etc.

[0023] In one embodiment, measuring points are selected so that there is one measuring point for
each “link set.” In some types of chains, a link set may be a single link. In the conveyor chain
10 shown in the preferred embodiment, a link set comprises one center link 11 and a pair of side
links 12 connected by pin 13. Computing module 22 correlates link set count with the degree of
wear shown for that link set on that pass. This information is recorded by the computing module
22. In this way, an operator can determine the wear at each link set on any given pass by the
wear monitor. However as noted above, the measuring points could be selected to encompass
several link sets, and programmed to ignore the passage of beam breaking points occasioned by
irrelevant intervening link sets.

[0024] Each time marker sensor 23 resets counter 24, it also triggers computing module 22 to
start recording a subsequent series of wear monitor measurements for each subsequent pass of
the link sets passing wear monitor 20. In this way, computing module 22 retains a record of

measurements for each link set for each complete revolution of chain 10 past wear monitor 20.
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Computing module 22 is also preferably hard wired or programmed to generate a graph showing
the rate of increase of wear for each numbered link set over time.

[0025] Preferably, marker sensor 23 would be a different type of sensor from upstream and
downstream measuring sensors L1 and L2. This would avoid any possibility of either of the
measuring sensors L1 or L2 mistakenly sensing location marker 14 as a passing measuring point
Al, BI, etc. In a preferred embodiment, marker 14 is a magnet, and marker sensor location
marker sensor 23 is a magnetic sensor. On the other hand, measuring sensors L1 and L2 are
preferably laser sensors, which sense the passing measuring points by having its laser beam
broken between the laser sensor and a beam receiver.

[0026] In one embodiment, the measuring points Al, B1, etc. constitute the leading edge of each
center link 11. Other measuring points could be selected, but preferably the measuring points are
selected such that each measuring point is unique to a single link set. The measuring points
could comprise projections extending upwardly (or downwardly) from the top or bottom of the
link pins 13. In keeping with the concept of each measuring point representing a single link set,
such projections would be placed on every other link pin 13 of chain 10, since a link set
comprises two links, namely a center link 11 and a pair of side links 12. Such projections are
disclosed in U.S. patent 6,862,939.

[0027] Wear monitor 20 preferably includes an internal display 25 connected to computing
module 22. Computing module 22 can be programmed to display different types of information.
Thus, computing module 22 could display the instantaneous speed and wear measurements being
taken for each link set. It could display a running average for speed and wear. It could display a
graph showing the rate of increase in wear of any given link set. Computing module 22 could be

programmed to display and/or sound an alarm when chain wear at any point in chain 10 becomes

10
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excessive. Similarly, computing module 22 could be connected to a painter 27 which would
paint a passing link set which had shown too much wear. On the other hand, by actually
numbering the link sets in chain 10, beginning with number 1 for the link set immediately
following location marker 14, one could readily find the over worn link set, since it would also
be identified by computing module 22 in accordance with its link set number.

[0028] Preferably, monitor 20 includes not only an internal display, but also includes a
transmitter 26 which will transmit display information to a printer or to an external computer or
computer display 30. In this way, an operator could locate himself anyplace relative to chain 10,
or move about while observing the operation of chain 10, and still view pertinent information on
his computer/display 30. Transmitter 26 can also transmit instructions to a printer, to print out
the results of the computing module’s analysis of the chain wear.

[0029] FIG. 2 discloses an alternative embodiment in which wear monitor 20 is divided into two
separate units: a sensor unit 20A and a controller unit 20B. Sensor unit 20A preferably
comprises marker sensor 23, and measuring sensors L1 and L2, all coupled to a transmitter 26A,
and a painter 27 connected to a receiver 28A. All of the remaining functions shown in FIG. 1 are
preferably contained in controller 20B, which would include a receiver 28 for receiving the
transmission from transmitter 26A, and a transmitter 26 for transmitting a “paint” signal to
receiver 28A. That signal would then activate painter 27 to paint the defective link. The
transmitter 26A would assign a unique frequency or frequency variation to each sensor, so the
controller 20B would recognize which sensor it is receiving a signal from. Similarly, transmitter
26A uses a unique frequency or frequency variation for the paint signal.

[0030] In this embodiment, controller 20B can be either a dedicated hard wired unit, or it can be

a personal computer device of any kind, programed with a software application containing the

11
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timer circuits T1 and T2, the clock function 21, the computing module 22, the counter 24 and the
display controller 25 which would simply operate the display on the personal computer device.
[0031] Transmitter 26A would also be used to transmit computer information to a printer or to
another person’s personal computer device 30. The term “personal computer device” as used
herein refers to any type of computer including a receiver and preferably a transmitter for
receiving and transmitting information. It could be a laptop computer, a desktop computer, a
handheld computer telephonic device, etc. In all cases where a transmitter and a receiver are
called for in a single unit, a transmitter/receiver unit could be used to accomplish both functions.
[0032] Of course, it 1s understood that the above are merely preferred embodiments of the
invention and that various changes and alterations can be made without departing from the spirit
and broader aspects of the invention, as set forth in the appended claims, as interpreted in

accordance with the doctrine of equivalents.

12
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CLAIMS
1. A chain wear monitor comprising:

at least one measuring point sensor projecting a sensor beam for sensing predetermined
spaced measuring points on a chain;

a computing module which determines the degree of wear in the chain between two
spaced measuring points;

said computing module including an ignore obstacle software routine, which can be
programed by the user to ignore any number of beam breaking obstacles which might occur

between said two spaced measuring points on the chain.

2. The chain wear monitor of claim 1 in which:
said ignore obstacle software routine of said computing module is a “count break”
software routine, which the user can program to ignore any desired number of beam breaks

occurring between the desired measuring points on the chain.

3. The chain wear monitor of claim 2 in which said wear monitor includes:

a start sensor which senses a start location on said chain which, in the direction of travel
of said chain, is just ahead of a desired measuring point on said chain;

said start sensor starting said count break software routine when it senses a start location
on said chain; and

after said sensor senses the following measuring point, said count break software routine
deactivating said sensor, by causing said computing module to disregard the selected number of

beam breaks occurring thereafter.

13
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4. The chain wear monitor of claim 3 in which:

there are two of said measuring sensors for sensing predetermined spaced measuring
points on a chain, said two sensors being spaced apart from one another a predetermined distance
which is less than the distance between adjacent ones of said spaced measuring points on said
chain;

said count break routine deactivating both of said measuring sensors simultaneously and
reactivating them simultaneously;

one of said sensors being the upstream sensor, as determined by the direction of travel of
the chain, and the other of said sensors being the downstream sensor;

two timers, one of which is a chain speed timer and the other of which is the chain wear
timer, both said timers being controlled by said spaced sensors;

said upstream sensor acting to turn said chain speed timer on and said wear timer off
when sensing the passage of one of said measuring points on said chain;

said downstream sensor acting to turn said speed timer off and said wear sensor on when
it senses the passage of one of said measuring points on said chain;.

said computing module determining the speed at which said chain is moving as a function
of the length of time, as determined by said speed timer, it takes a measuring point on the chain
to pass from said upstream sensor to said downstream sensor;

said computing module determining the degree of wear on said chain as a function of the
speed of the chain and the wear time which said wear timer is on, as compared to the baseline

value for the same function when the chain is new.

14
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5. The chain wear monitor of claim 4 in which:
said start location is a magnet located on said chain, and said start sensor is a magnetic

Sensor.

6. The chain wear monitor of claim 1 in which:

said ignore obstacle software routine of said computing module is a “time delay”
software routine which creates a delay between the sensing of a desired measuring point by the
breaking of the beam of said sensor, and the time at which said sensor will again sense an
obstacle, which time delay is long enough to avoid detecting irrelevant obstacles, but short

enough to reactivate said sensor before the desired measuring point arrives at said sensor.

7. The chain wear monitor of claim 6 in which:
said time delay is determined by said software routine based on the speed of said chain

and the distance the between said two spaced measuring points.

8. The chain wear monitor of claim 7 in which said wear monitor includes:

a start sensor which senses a start location on said chain which, in the direction of travel
of said chain, is just ahead of a desired measuring point on said chain;

said start sensor starting said time delay software routine when it senses a start location
on said chain; and

after said sensor senses the measuring point which follows said start location, said time
delay software routine deactivating said sensor, by causing said computing module to disregard

the beam breaks occurring thereafter for the period of said time delay.

15
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0. The chain wear monitor of claim 8 in which:

there are two of said measuring sensors for sensing predetermined spaced measuring
points on a chain, said two sensors being spaced apart from one another a predetermined distance
which is less than the distance between adjacent ones of said spaced measuring points on said
chain;

said time delay software routine deactivating both of said measuring sensors
simultaneously and reactivating them simultaneously;

one of said sensors being the upstream sensor, as determined by the direction of travel of
the chain, and the other of said sensors being the downstream sensor;

two timers, one of which is a chain speed timer and the other of which is the chain wear
timer, both said timers being controlled by said spaced sensors;

said upstream sensor acting to turn said chain speed timer on and said wear timer off
when sensing the passage of one of said measuring points on said chain;

said downstream sensor acting to turn said speed timer off and said wear sensor on when
it senses the passage of one of said measuring points on said chain;

said computing module determining the speed at which said chain is moving as a function
of the length of time, as determined by said speed timer, it takes a measuring point on the chain
to pass from said upstream sensor to said downstream sensor;

said computing module determining the degree of wear on said chain as a function of the
speed of the chain and the wear time which said wear timer is on, as compared to the baseline

value for the same function when the chain is new.

16
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10. The chain wear monitor of claim 9 in which:
said start location is a magnet located on said chain, and said start sensor is a magnetic

Sensor.

17



WO 2017/019425

PCT/US2016/043249

1/2
50— Time Count | 40 \{/
Delay Break 30
e’
24\‘ 25\\ «a\\\
Counter Display
[ 90— &
ol ON
R
g21e Computing T S 20
- Module [ e 2%
-y
OFF

Direction of Chain Travel

FIG. 1



WO 2017/019425 PCT/US2016/043249
2/2
\k 30
e
24\\ 25\\
Counter Display
T2 > > <<< §}>
o OFF p ON
E § P \\
=K 21 Computing 1T
- Modude L] 0B
22 N ’
T1 26
ON OFF
From From From
23 L1 L2

Direction of Chain Travel

FIG. 2

> 20A




INTERNATIONAL SEARCH REPORT

International application No.
PCT/US 16/43249

A. CLASSIFICATION OF SUBJECT MATTER
IPC(8) - G01B 11/02, GO1B 11/04, GO1B 11/14 (2016.01)
CPC - G01B 11/028, G0O1B 11/043, G0O1B 11/14

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

CPC - GO1B 11/028, G018 11/043, CO1D 11/14
IPC(8) - GO1B 11/02, GO1B 11/04, GO1B 11/14 (2016.01)

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
CPC- G018 7/02, 7/026, 7/04, 7/042, 11/02, 11/022, 11/024, 11/028, 11/04, 11/043, 11/14, 21/16; GO1P 3/50; GO1M 13/023; GOIN 3/56;

USPC- 198/810.01, 810.02, 810.04; 702/34, 97; 73/828, 862.392; 33/700; 324/206; IPC(8)- G018 11/02, 11/04, 11/14 (2016.01)

counter, timer, deactivate, off, disable, speed, velocity

Electronic data base consulted during the intemational search (name of data base and, where practicable, search terms used)
PatBase; Google (web, scholar, patents); Search Terms Used: Chain, rope, belt, conveyor, wear, stretch, elongation, lengthen,
measure, monitor, sense, sensor, detector, beam, light, lamp, laser, ignore, disregard, delay, break, trigger, two, second, dual, activate,

C. DOCUMENTé CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to ¢laim No.
A US 2004/022G805 A1 (LODGE) 18 November 2004 (18.11.2004), Fig. 2; para [0008), [0009], 1-10
{0015], (0016], [0018], (0021}
A US 2014/0102212 A1 (URBANZYK) 17 April 2014 (17.04.2014), Fig. 2-3; para [0007], [0011], 1-10
[0013], [0015), [0022), [0023]
A US 2011/0083218 A1 (VOZNER) 21 Aprit 2011 (21.04.2011), para [0010), {0013}, {0019}, {0024} | 1-10

D Further documents are listed in the continuation of Box C.

O

* Spcuial caieguries o cited documents:

“A™ document defining the general state of the art which is not considered
to be of particular relevance

“E” earlier application or patent but published on or after the international
filing datc

“L” document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of andther citation or other
special reason (as specified)

“0” document referring to an oral disclosure, use, exhibition or other
means

“P” document published prior to the international filing date but later than

the priority date claimed

“T” later document published after the international filing date or priority
date and not in conflict with the application but cited to understand

the principle or theory underlying the invention

“X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

“Y” document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination

being obvious to a person skilled in the art
“&” document member of the same patent family

Date of the actual completion of the international search

19 September 2016

Date of mailing of the international search report

060CT 2016

Name and mailing address of the [SA/US

Mail Stop PCT, Attn: ISA/US, Commissioner for Patents
P.O. Box 1450, Alexandria, Virginia 22313-1450

Facsimile No. 571-273-8300

Authorized officer:
Lee W. Young

PCT Helpdesk: 5§71-272-4300
PCT OSP: 571-272-7774

Form PCT/ISA/210 (second sheet) (January 2015)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - claims
	Page 16 - claims
	Page 17 - claims
	Page 18 - claims
	Page 19 - claims
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - wo-search-report

