2008/002555 A2 I} 1A A0 00 0 O O 0

WO

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization f d”Ij

) IO O O 0O

International Bureau

(43) International Publication Date
3 January 2008 (03.01.2008)

(10) International Publication Number

WO 2008/002555 A2

(51) International Patent Classification: Not classified
(21) International Application Number:
PCT/US2007/014798

(22) International Filing Date: 26 June 2007 (26.06.2007)

(25) Filing Language: English

(26) Publication Language: English
(30) Priority Data:
11/474,642 26 June 2006 (26.06.2006) US
(71) Applicant (for all designated States except US): QUALEX
MANUFACTURING, LC [US/US]; P.O. Box 807, 261

Triport Road, Georgetown, KY 40324 (US).

(72) Inventor; and

(75) Inventor/Applicant (for US only): GARLAND, Russell,
S. [US/US]; 261 Triport Road, Georgetown, KY 40324
(US).

(74) Agents: ALBAINY-JENEI, Stephen, R. et al.; Frost
Brown Todd LLC, 205 East Fifth Street, 2200 Pnc Center,
Cincinnati, OH 45202 (US).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ, CA, CH,
CN, CO, CR, CU, CZ, DE, DK, DM, DO, DZ, EC, EE, EG,
ES, FI, GB, GD, GE, GH, GM, GT, HN, HR, HU, ID, 1L,
IN, IS, JP, KE, KG, KM, KN, KP, KR, KZ, LA, LC, LK,
LR, LS, LT, LU, LY, MA, MD, ME, MG, MK, MN, MW,
MX, MY, MZ, NA, NG, NI, NO, NZ, OM, PG, PH, PL,
PT, RO, RS, RU, SC, SD, SE, SG, SK, SL, SM, SV, SY,
TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA,
M, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Burasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB, GR, HU, IE, IS, IT, LT, LU, LV, MC, MT, NL, PL,
PT, RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM,
GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Published:
without international search report and to be republished
upon receipt of that report

Fortwo-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations” appearing at the begin-
ning of each regular issue of the PCT Gagzette.

(54) Title: METHOD AND APPARATUS FOR DETECTING UNSAFE CONDITIONS

(57) Abstract: A device can be made operable to distinguish between materials impinging on a predefined area based at least in
part on differentials within sets of data indicative of measurable characteristics of the materials impinging on the defined area. Such
a device can trigger a protection mechanism based at least in part on identification of such differentials.



[0001]

[0002]

[0003]

[0004)

WO 2008/002555 PCT/US2007/014798

METHOD AND APPARATUS FOR DETECTING UNSAFE CONDITIONS

Russell S. Garland

CROSS REFERENCE TO RELATED APPLICATIONS

This application claims priority from U.S. Patent Application Serial Number 11/474,642,
filed on June 26, 2006, the disclosure of which is hereby incorporated by reference in its

entirety.

FIELD OF THE INVENTION

This invention is in the field of safety devices. Particularly, this invention is in the field of
safety devices which can be triggered based at least in part on differentials between data

measurements.

BACKGROUND OF THE INVENTION

Often, a safety device is designed in such a way that it can be triggered by the entry of a
human extremity or other objects into a predefined area. Unfortunately, those safety devices
can be prone to gencrating false danger signals, that is, they might indicate an unsafe
condition exists when, in fact, no such condition is present. In many cases, false alarm
signals might be generated due to an inability of the safety device to distinguish between
different objects within the arca that the safety device monitors. The present invention is
designed to distinguish between materials based on measurable characteristics of the

monitored areas.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 depicts an exemplary embodiment of the invention comprising dual measurement

devices positioned on a machine.
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FIGS. 2a-2d depict a sequence of events which might take place in an embodiment of the
type shown in FIG. 1.

FIG. 3 depicts a series of actions which might be used to ensure the safety of an operator of

an embodiment of the type shown in FIG. 1.
FIG. 4 depicts a side view of a measurement device and a mounting rail.

FIG. 5 depicts a configuration in which measurement devices are positioned such that they

have overlapping fields of measurement.

FIG. 5a depicts a configuration in which motion of a measurement device is used to drive

oscillation of a field of view.

FIGS. 6a-6b depict a configuration in which a field of view axis is angled relative to the

direction of motion of a machine.

FIG. 7 depicts a configuration in which a field of view axis is parallel relative to the

direction of motion of a machine.

FIGS. 8a-8b depict two alternate methods of positioning measurement devices on a

machine.

DETAILED DESCRIPTION

For purposes of clarity, definitions for certain terms used in this application are set forth
below. It should be understood that such definitions are set forth for purposes of clarifying
the application only, and that the setting forth of such definitions is not intended to imply
that the functions, components, and/or concepts defined below are necessary for the

invention, or that they are present in any particular embodiment.

The term adjust (and the various forms thereof) should be understood to mean to change

2
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some aspect of. For example, in the context of a field of view, adjusting the field of view
could refer to adjusting the field of view’s position (e.g., moving it within a field of
measurement), adjusting its size (e.g., increasing the area monitored by the field of view),
adjusting its shape (e.g., adjusting a field of view so that it is elliptical rather than circular),

or making any other type of change to the field of view.

[0015] The term differential should be understood to refer to a value based at least in part on the

difference between two or more values.
[0016] The term direction of motion in the context of a machine should be understood to refer to
the movement of a working part of the machine. A non-limiting example of such a direction

of motion would be the downward movement of a ram in a press brake.

[0017] The term field of measurement should be understood to refer to the area in which a

measurement device collects data.

[0018] The term field of view should be understood to refer to a specific area within the field of

measurement from which a particular measurement is taken.

[0019] The term indicate should be understood to refer to an act of identifying or specifying the
thing being indicated.

[0020]  The term linear should be understood to mean long and narrow.,

[0021]  The term light source should be understood to refer to any device capable of emitting

electromagnetic radiation.

[0022] The term oscillate should be understood to refer to back and forth movement, which

movement might be either continuous, or might proceed in discrete steps.

[0023] The term processing unit should be understood to mean any device or collection of devices

which can perform an action or a series of actions with respect to one or more pieces of
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input information. Non-limiting illustrations of processing units include individual logic
gates, and devices which could be built from combinations of logic gates, devices which are
functionally controlled by software or firmware, and special purpose computers embodying
algorithms in hardware, which may or may not have the capacity to store additional data

and/or instructions.

The term progression of steps should be understood to refer to a series of steps in which the
steps are performed in a given order. It should be understood that specification of a
progression of steps does not exclude a series in which additional steps are included in the
progression. Thus, a progression of steps (r), (b) and (j) refers to any series in which step (b)
follows step (r) and precedes step (j), even if there are intervening steps between steps (b)
and (j) and/or between steps (r) and (b).

The term spatial differential should be understood to mean a differential established by

comparing two or more simultaneous, or nearly simultaneous, measurements.

The term temporal differential should be understood to mean a differential established by

comparing two or more measurements obtained at different times.

The term trigger, when used as a verb, should be understood to refer to the act of setting off,

activating, or sending a signal causing some action.

The term unsafe condition should be understood to refer to any condition or situation which

presents an increased likelihood of an undesirable event taking place.

All embodiments set forth herein are intended to illustrative and, therefore, non-limiting.
While the discussion below is set forth in the context of safety devices for industrial
machines, it should be understood that that discussion is not intended to be limiting on
contexts in which the invention might be utilized, and is instead set forth to allow

individuals skilled in the art to practice certain preferred embodiments of the invention.

In Figure 1, an embodiment is shown in which multiple measurement devices [101] are

positioned on an industrial machine (e.g., a press brake) [102] by means of a mounting rail
4



[0031]

[0032]

WO 2008/002555 PCT/US2007/014798

[103]. The measurement devices [101] are configured to collect data about the areas of the
machine [102] which are within their respective fields of measurement [104], and to
communicate that data to a processing unit [105] which is operable to trigger a protection
mechanism [106]. In an embodiment of the type depicted in Figure 1, the processing unit
[105] would trigger the protection mechanism [106] if the data communicated by the
measurement devices [101] indicates that a human finger, or some other part of a human
body, has entered an area where it has the potential to be injured by the press tool [107] of
the machine [102], thereby causing an unsafe condition. Once triggered, the protection
mechanism [106] would interrupt the operation of the machine [102] until the data
communicated by the measurement devices [101] indicates that the unsafe condition has

been remedied.

Turning to Figures 2a-2d, those diagrams depict a sequence of events which might take
place during the operation of an embodiment of the type shown in Figure 1. Figure 2a
depicts the normal operation of a machine [102] in which the press tool [107] of the
machine [102] is descending. Figure 2b depicts the placement of material [201] to be
worked by the machine [102] beneath the press tool [107]. As can be seen in Figure 2b,
while the press tool [107] is descending towards the material [201] to be worked, each
measurement device [101] is constantly collecting data about the area within its respective
field of measurement [104]. Optimally, of course, the press tool [107] will continue to
descend and the material [201] placed beneath it will be worked without incident. However,
for the sake of illustrating the operation of an embodiment used as a safety feature for a
machine [102], assume that, as depicted in Figure 2c, an unsafe condition is created by the
opcrator inadvcrtcntly placing a part of his or her body [202] within the field of
measurement [104] of the measurement device [101] where the body part [202] might be
crushed or otherwise injured by the continued descent of the press tool [107] (not shown in
Figure 2¢). In such a situation, where an unsafe condition has been created, the processing
unit {105] (not shown in Figures 2a-2d) would trigger the protection mechanism [106] (not
shown in Figures 2a-2d), halting the descent of the press tool [107], and causing it to retract
before coming into contact with the operator’s body [202], as shown in the diagram of

Figure 2d.

Of note in the sequence depicted in Figures 2a-2d is that the protection mechanism [106] is
5
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triggered selectively, that is, it is triggered as a result of the entry of a portion of the
operator’s body [202] into the field of measurement [104] of the measurement device [101]
as shown in Figure 2c, but it is not triggered as a result of the entry of the material [201] to
be worked into the field of measurement [104] of the measurement device [101], as shown
in Figure 2b. One method of selectively triggering a protection mechanism [106] in an
embodiment of the type depicted in Figure 1 is shown in the flow chart of Figure 3.

Initially, before beginning to use a machine [102], the operator establishes an initial ambient
temperature [301]. For example, the operator might press a button on a measurement device
[101] which causes the measurement device [101] to collect data regarding temperature of
the material within its field of view (which would be the surface of the machine [102] below
the press tool [107] if no material [201] had been inserted into the machine [102]) and send
that data to the processing unit [105]. The processing unit [105] then determines whether
the ambient temperature indicates the existence of an unsafe condition [302] (e.g., an
increased likelihood that the invention would not be able to detect a differential due to the
temperature of the machine and its environment being close to the temperature of a human
body). That determination is made by establishing whether the ambient temperature is
within a certain range of human body temperature (e.g., an ambient temperature between
95.8 and 101.8 degrees Fahrenheit, though other ranges could be used depending on
characteristics of the measurement device [101], such as its ability to accurately distinguish
between materials within a given temperature range). If the ambient temperature is within
that range, such as because the operator had inadvertently placed a part of his or her body
[202] in the field of view of the measurement device [101] while the initial ambient
temperature is being established [901], or such as because the temperature of the machine
[102] and its surrounding environment is similar to the temperature of a human body, or for
some other reason, the processing unit [105] would notify the operator of the existence of an
unsafe condition [303], and the process would have to be restarted with the operator
establishing a new initial ambient temperature [301] which, hopefully, does not indicate the

existence of an unsafe condition.

After establishing an initial ambient temperature that does not indicate an unsafe condition,
the machine [102] begins operation [304]. While the machine [102] is operating (e.g., while
the press tool 107 is descending to work material being inserted into the machine), the

measurement device [101] collects data [305] indicating the temperature of the material
6
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within its field of view, and communicates that data to the processing unit [105]. The
processing unit [105] then determines a differential [306] between the data sent from the
measurement device [101] (the present temperature) and the data indicating the ambient
temperature it had stored earlier. As an illustration of how the differential might be
determined, the processing unit [105] might subtract the ambient temperature from the
present temperature, and then treat the absolute value of the result of that subtraction as the
differential. Alternatively, in some embodiments, rather than subtracting the ambient
temperature from the present temperature and determining the absolute value, some
embodiments might simply subtract the ambient temperature from the present temperature
and use the resulting value as the differential. Such an alternative method of calculation
would be useful in embodiments in which any human extremities impinging upon the field
of measurement [104] of the temperature measurement device [101] would always be
warmer than the material to be worked. Once the differential has been determined [306],
the processing unit [105] would determine whether the differential indicates the existence of
an unsafe condition [307], which might be done by examining whether the differential

exceeds some predefined threshold (e.g., 3 degrees Fahrenheit).

In Figure 3, after the processing unit [105] has made the determination of whether the
differential indicates an unsafe condition [307], two potential sequences of events might
take place. Ifthe differential does not indicate an unsafe condition, then the processing unit
[105] sets its stored ambient temperature equal to the present temperature [308]. For
example, if the processing unit [105] had stored data indicating that the ambient temperature
was 62 degrees, and received data indicating that the present temperature is 63 degrees, after
determining that the differential between 62 and 63 degrees does not indicate an unsafe
condition, the processing unit [105] would replace the information indicating that the
ambient temperature is 62 degrees with information indicating that the ambient temperature
is 63 degrees. After the processing unit [105] updates the ambient temperature [308], the
process would repeat, with the measurement device [101] measuring a new present
temperature [305], and using that present temperature as the basis for a comparison similar
to that already described. Alternatively, if the differential does indicate the existence of a
dangerous condition, the processing unit [105] triggers the protection mechanism [106],
which halts [309] the operation of the machine [102] and causes the press tool [107] to

withdraw into an open position [310]. From that point, the sequence might start over
7
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completely, with an initial ambient temperature being established [301], a determination
being made if that initial ambient temperature indicates an unsafe condition [302], and the
machine only resuming operation [304] once the new initial ambient temperature does not

indicate an unsafe condition.

While the above discussion of Figure 3 describes how the particular actions of Figure 3
might be performed, the invention is not intended to be limited to embodiments in which the
actions of Figure 3 are performed in the manner described above. For example, in the above
description, the act of establishing an initial ambient temperature [301] is performed by
pressing a button on a measurement device [101] which causes the measurement device
[101] to collect data about the temperature of material in its field of view, and using that
data as the initial ambient temperature. As an alternative, the act of establishing an initial
ambient temperature [301] might be performed by the field of view of the measurement
device [101] oscillating through its field of measurement [104], collecting temperature data
regarding each field of view within the field of measurement [104]. That temperature data
might be sent to the processing unit [105]. The processing unit [105] might perform some
statistical calculations on that data (e.g., obtain the mean, median, and mode values for the
data) and then use the results of the statistical calculations as the initial ambient temperature.
As an additional example of a method of performing one of the steps from Figure 3 which
is different from that set forth in the discussion of Figure 3, consider the process of
determining a differential between a present temperature and ambient temperature data
[306] by determining the difference between the present temperature and the ambient
temperature in terms of a percentage, rather than in terms of an absolute difference in
temperature. Additionally, another alteration which might be made to the steps of Figure 3
is to configure the protection mechanism [106] so that, when triggered, it simply halts
operation of the machine [102], instead of halting operation of the machine and withdrawing

the press tool, as set forth in Figure 3.

As will be clear to one of ordinary skill in the art, in addition to variations on the
performance of the steps of Figure 3 of the type set forth above, it is also possible to practice
the invention in a manner which diverges from the steps of Figure 3 themselves. In some
alternate embodiments, a measurement device [101] might not collect temperature data,

therefore, for an embodiment in which a measurement device [101] does not collect
8
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temperature data, the steps of Figure 3 would be altered to accommodate the type of data
which that device did collect (e.g., emissivity data). Further, as an alternative to having a
predefined differential the differential might be configurable such that the user could select
any differential which would indicate that a first value is based on a measurement of the
material to be worked (e.g., steel) while the second value is based on a measurement of a
part of an operator’s body (e.g., a finger). One method for a user to configure a
measurement device [101] is to have the measurement device [101] actually take
measurements, first of a material to be worked, then of a part of a human body which might
accidentally impinge on the measurement device’s [101] field of measurement [104], thus
relieving the user of the invention of the task of deciding on a suitable differential, as such a
differential could then be determined automatically. As a further modification after
determining whether the differential indicates an unsafe condition [307], the processing unit
[105] would determine whether the present temperature itself indicates an unsafe condition,
for example, by determining whether the present temperature is within a certain range of the
temperature of a human body. As yet a further modification, the use of differentials might
be omitted all together. As an example of how unsafe conditions might be detected without
the use of differentials, during operation of a machine, the processing unit [105] might
compare present temperature measurements with a predetermined temperature range (such
as a range based at least in part on human body temperature, as described above) and trigger
the protection mechanism [106] based on that comparison. In such a modified sequence,
storing and updating ambient temperature measurements would be unnecessary. Of course,
as will be obvious to one of ordinary skill in the art in light of this disclosure, measurements
other than temperature measurements (e.g., emissivity measurements) could be used without

departing from the scope or spirit of the invention.

In general, embodiments of the type depicted in Figure 1 must operate so that the time
between the inception of an unsafe condition (e.g., an operator placing a portion of his or her
body [202] under the descending press tool [107] of a machine [102]) and the operation of
the protection mechanism [106] (e.g., halting [309] the descent of the press tool [107]) is
less than the time necessary for the event represented by the unsafe condition (e.g., the press
tool [107] contacting and crushing a portion of the operator’s body [202]) to take place. As
will be apparent to one of ordinary skill in the art, by far the most time consuming of the

steps which take place between two successive determinations of whether an unsafe
9
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condition exists is obtaining a present temperature measurement [305], because the other
steps can be performed so quickly as to be virtually instantaneous (e.g., transmitting data
from a measurement device [101] to a processing unit [105] can be achieved nearly
instantaneously by transmitting signals over wires; the functions of the processing unit [105]
can be performed nearly instantaneously through the use of high speed computer chips or
logic gates; etc.). Thus, some embodiments might include features particularly designed to
minimize the time required for data collection. One such feature might be restricting the use
of an embodiment to situations where the ambient temperature is substantially different
from the temperature of a human body (e.g., a differential of 10 degrees or more), thus
allowing differentials to be detected on the basis of less accurate data. This would decrease
the time required for data collection because, as a general rule, more accurate data collection
requires more time to be performed. Further, since a measurement device [101] is required
to collect data indicating whether an unsafe condition exists anywhere in its field of
measurement [104], not only the time required to collect data regarding a single field of
view, but also the time required to examine each field of view within a field of measurement
[104] must be considered for purposcs of ensuring operator safety. Thus, a second feature
which might be utilized to decrease the time required for data collection is to increase the
size of the field of view of a measurement device, thereby decreasing the number of field of

view measurements necessary to collect data regarding an entire field of measurement [104].

Figure 4 shows an interface between a mounting rail [103] and a measurement device [101].
In an embodiment of the type shown in Figure 4, the body of the mounting rail [103] is
attached to the machine [102] (not shown) using fastening devices (e.g., bolts) [401]. The
mounting rail [103] contains a groove [402], which allows the measurement devices [101}
to slide along the length of the mounting rail [103]. Once the measurement device [101] has
been placed in its desired position (e.g., by sliding), it can be fixed in that position through
the use of a locking device [403]. In Figure 4, the locking device [403] depicted is a screw
[404] which, when turned, clamps the measurement device [101] against the mounting rail
[103], preventing further movement of the measurement device [101]. While Figure 4
depicts a certain configuration which could be used to position a measuremcnt device [101]
on a machine [102], it is intended to be illustrative only, and not limiting on the potential
configurations for positioning a measurement device [101] on a machine [102]. For

example, some embodiments might be equipped with alternative locking devices such as
10
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pins, pre-determined mounting locations in the mounting rail [103], magnets, or other types
of devices. Additionally, the mounting rail [103] or other mounts which could act as an
intermediary between a measurement device [101] and a machine [102], might be omitted
all together, with the measurement devices [101] attached directly to machine itself [102]
(e.g., using magnets, screws, bolts, welding, adhesive, or some other mechanism). Further,
in some embodiments, a measurement device [101] might be included in a machine [102]
by its manufacturer as an integral part of the machine [102], requiring no additional
fastening device at all. These and other modifications could be implemented by one of

ordinary skill in the art without departing from the scope or spirit of the invention.

For a depiction of how measurement devices [101] might collect data, consider Figure 5,
which shows an embodiment in which three measurement devices [101] are configured to
collect data within three overlapping fields of measurement [104]. In the embodiment
depicted in Figure 5, each measurement device [101] has a field of measurement [104] with
a length of 48 inches across the portion of the machine [102] towards which the press tool
[107] descends. As will be apparent to one of ordinary skill in the art, the measurement
devices [101] could be designed to monitor the area within their field of measurement [104]
in a number of different ways. For example the measurement devices [101] might be
designed such that their fields of view oscillate within the field of measurement [104]. For
the purpose of clarity in describing potential methods for implementing such oscillation, it is
helpful to introduce a new term, “field of view axis”, which refers to a line drawn between a
measurement device [101] and the center of its field of view. In some embodiments, such
as shown in Figure 5, where one or more measurement devices [101] with oscillating fields
of view are used as a safety device for an industrial machine, the oscillation might be
achieved by varying the angle the field of view axis for a measurement device [101] and the
direction of motion of the industrial machine. Altemnatively, in other embodiments, such as
shown in Figure 5a, the angle between the field of view axis of a measurement device [101]
and the direction of motion of the industrial machine might remain constant, with the
measurcment device [101] itself oscillating such that its field of view passes through its
entire field of measurement. For example, using this technique, in an industrial machine
such as a press break where the direction of the industrial machine is downward, a
measurement device [101] could be placed on a mounting rail [103] such that the field of

view axis of the measurcment device [101] is vertical. To facilitate oscillation, either the
i1
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measurement device [101], the mounting rail [103], or both could be equipped with motors
which would move the measurement device [101] back and forth across the mounting rail
[103] in a horizontal manner. Similarly, combinations of those techniques, or other
techniques which could be implemented by those of ordinary skill in the art without undue

experimentation in light of this disclosure could also be implemented.

Further variations on the implementation of oscillation are also possible. For example,
oscillation might be continuous (e.g., a constant or smoothly varying rate of movement), or
discontinuous (e.g., the field of view might remain stationary for a period of time necessary
to take a measurement, then, once the data had been collected, moving to gather data from
an adjacent field of view). In an embodiment in which the measurement devices [101]
measure temperature, such oscillation might be achieved by connecting a commercially
available temperature measurement device, such as the model M770 infraducer,
manufactured by Mikron Infrared, Inc., to a small servo motor, a stepper motor, or some
other type of electrical or mechanical device capable of producing vibrations or periodic
motions. Alternatively, there might be included one or more mirrors or lenses which could
themselves be moved while the infrared detector remained stationary, and the motion of the
mirrors of lenses would cause the area monitored by the infrared detector (its field of view)
to oscillate through the measurement device’s [101] field of measurement [104]. In such an
embodiment, the actual rate of oscillation could be any rate of oscillation great enough to
prevent injury to the operator of the machine [102], given the rate of movement of the
machine [102], and any delays in the function of the protection mechanism [106]. For

example, for a hydraulic press with the following specifications:

Capacity 242 U.S. tons

Bed Length 168 inches

Maximum Stroke Length 7.8 inches

Open Height 18.5 inches

Throat Depth 16.5 inches

Distance Between Side Frames 148 inches

Ram Repeatability +/- 0.0004 inches

Approach Speed 7.87 inches per second

Bending Speed 0.04 to 0.787 inches per second, programmable
Return Speed 0.04 to 7.87 inches per second, programmable

12
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Overall Machine Length 193.7 inches

Machine Width 68.5 inches (105" including control and pendant)
Machine Weight 37,700 pounds

Machine Power 355 KW

Foundation 6 inch concrete slab

a measurement device [101] might be configured to oscillate at a rate of approximately 78
inches/second, so that a 48 inch field of measurement [104] could be scanned in slightly

over half a second.

The invention is not limited to embodiments which utilize adjustment of the rate of
oscillation of a measurement device [101] to ensure operator safety. For example, in some
embodiments, the number of times data is collected from a particular field of view within a
field of measurement [104] might be increased, not by increasing the rate of oscillation of a
measurement device [101], but by increasing the number of measurement devices [101], and
positioning them such that their fields of measurement overlap. Such a configuration is
shown in Figure 5, in which three measurement devices [101] are positioned such that the
fields of view of two of the measurement devices [101] will always be monitoring some
point within the field of measurement [104] of the central measurement device [101]. Of
course, as will be clear to one of ordinary skill in the art, in some embodiments, both the
number of measurement devices [101], and the rate of oscillation might be customized to
ensure operator safety. For example, in some situations, the rate of oscillation of a
measurement device [101] might be determined by the rate of movement of the machine
[102] and the delay associated with the protection mechanism [106], while the number of
measurement devices [101] might be determined by the number of operators of the machine
[102]. Further, other types of modifications which might be made to the rate of oscillation
of the field of view of a measurement device [101], the number of measurement devices
[101], and the field of measurement [104] from which the measurement devices [101]
collect their data will immediately occur to one of ordinary skill in the art, and can be

practiced without departing from the scope or spirit of the invention.

The invention is not limited to embodiments which include measurement devices [101]

which have oscillating fields of view. For example, a measurement device [101] might be
13
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designed such that its field of view is coextensive with its field of measurement [104], thus
obviating the need for oscillation. As an example of a method which could be used to
monitor a field of view which is coextensive with a field of measurement [104], a
measurement device [101] may comprise an infrared detector and a lens designed to define
the area monitored by that detector. In an embodiment utilizing an M770 infraducer as
described above, the lens would alter the field of view ratio of the infraducer. Normally, the
infraducer has a field of view ratio of 60:1, that is, infraducer measures the temperature of a
circular field of view, the diameter of which is 1_/60th of an ihch for every inch of separation
between the material being measured and the infraducer itself. However, in some
embodiments, a lens could be used to change the field of view of the infraducer from a
circle to an ellipse, the ellipse having a major diameter equal to the length of the

measurement device’s [101] field of measurement [104].

In Figures 6a and 6b, there is shown a configuration in which the field of view of a
measurement device [101] is targeted on an area adjacent to the surface of the machine
[101] which is in contact with the press tool [107] when that press tool [107] is fully
descended. In Figure 6a, the configuration is shown with the press tool [107] in a
withdrawn position. Figure 6b then shows the configuration of 6a with the press tool [107]
partially descended, in order to demonstrate the effect of motion on the targeting of the field
of view. In order to describe those figures, it is helpful to introduce the term “pinchpoint,”
which . refers to the surface of the machine [101] which is in contact with the press tool
[107] when the press tool [107] is fully descended. In Figure 6a, a configuration is shown in
which the field of view of the measurement device [101] is targeted adjacent to the
pinchpoint [601] of the machine [102]. Such specific targeting adjacent to the pinchpoint
[601] would be beneficial in situations where an unsafe condition only exists when a portion
of an operator’s body is between the pinchpoint [601] and the press tool [107], because '
targeting adjacent to the pinchpoint [601] would minimize the likelihood of an unsafe
condition being incorrectly indicated due to a portion of an operator’s body approaching, but
not entering, the area between the pinchpoint [601] and the press tool [107]. In order to
better illustrate the targeting adjacent to the pinchpoint [601], both Figures 6a and 6b
include lines extending from the measurement device [101] to the edges of the measurement

device’s field of view.

14



[0044]

[0045]

WO 2008/002555 PCT/US2007/014798

In Figure 6a, the measurement device [101] is positioned on a machine [102] in such a
manner that there is an offset [602] between the center of the measurement device [101] and
the front surface of the machine [102]. Because of that offset to target the field of view
adjacent to the pinchpoint [601], the field of view axis must be set at an angle relative to the
direction of motion of the press tool [107]. As will be obvious to one of ordinary skill in the
art, the setting of the angle of the field of view axis can be accomplished in numerous ways.
For example, in some embodiments, the mounting rail [103] (not depicted in Figﬁre 6a) on
which the measurement device [101] is located might be set at an angle. Alternatively, the
measurement device [101] itself might include a mirror or a lens which could have the effect
of establishing an angle between the field of view axis and the direction of motion of the
press tool [107]. An additional factor which should be taken into consideration when setting
the angle of the field of view axis is the relationship between the measurement device [101]
and the press tool [601]. In some embodiments, such as that depicted in Figures 6a and 6b,

" the measurement device [‘101] might be positioned so that it moves with the press tool
[107]. Alternatively, the measurement device [101] might have a fixed position in space so

that it remains stationary while the press tool [107] descends toward the pinchpoint [601].

As shown in Figure 6b, whether the measurement device [101] moves or remains stationary
can have a significant impact on the targeting of the field of view. In Figure 6b, as the press
tool [107] descends, the field of view of the measurement device [101] moves progressively
further away from the pinchpoint [602], thereby decreasing the benefits of targeting the
pinchpoint [601] described previously. There are a number of ways to avoid that result
which might be used in various embodiments. For example, in some embodiments, as the
press tool [107] descends, the angle of the field of view axis would change to compensate,
ensuring that the field of view remains targeted on the pinchpoint [601]. Such
compensation might be a fixed rate of movement, or might be a variable rate of movement,
configurable by the user. Another method for compensating for the motion of the
measurement device [101] is simply to eliminate that motion by positioning the
measurement device [101] such that it remains stationary as the press tool [107] descends.
A third method for compensating comprises configuring the width of the field of view of the
measurement device [101] such that the pinchpoint [601] is always within the measurement
device’s field of view. Further, as will be obvious to one of ordinary skill in the art, other

methods might be used to target the field of view, and multiple methods might be combined
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in targeting the field of view, so long as the measurement device [101] is able to collect data

which could indicate unsafe conditions throughout the entire stroke of the machine [102].

In some embodiments, the measurement devices [101] might be equipped with a laser or
other light source which could be used to aid setting an angle for the field of view axis by
illuminating the field of view targeted by a measurement device [101]. While a
measurement device [101] is being positioned on a machine [102], the operator of the
machine [102] could adjust the angle of the field of view axis for the measurement device
{101] until an appropriate field of view is indicated. In that same vein, measurement
devices [101] might also be configured to provide some indication of their fields of
measurement [104], for example, by shining a light on the field of measurement [104]
during the operation of the machine [102]. This indication of the field of measurement
[104] might provide a reminder to the machine’s [102] operators that they should avoid
placing parts of their body where they could potentially be injured by the press tool [107] of
the machine [102]. |

While Figure 6a and 6b described the operation of embodiments which target the pinchpoint
[601] of a machine [102), not all embodiments include such targeting. For example, as
shown in Figure 7, some embodiments might have a measurement device [101] configured
with a field of view axis which is set either parallel to, or at only a slight angle to, the
direction of motion of the machine [102], and in which the field of view is not targeted

adjacent to the pinchpoint [601].

As yet another alternative configuration, consider the embodiments of 8a and 8b. Note that
Figures 8a and 8b depict lines illustrating the field of view axes in those embodiments. In
Figures 8a and 8b, the field of view axes of the measurement devices [101] are disposed
perpendicular to the direction of motion of the machine [102]. This perpendicular
disposition requires that the embodiments of Figures 8a and 8b include a backstop [801] on
which the fields of view of the measurement devices [101] will terminate if they are not
blocked by material being worked by the machine [102], or by a portion of an operator’s
body. If such a backstop [801] were omitted from an embodiment of the type depicted in
Figure 8a or 8b, the measurement device [101] might inadvertently indicate an unsafe

condition by collecting data on a field of view which is located beyond the edge of the
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machine [102], and therefore irrelevant to the existence of an unsafe condition.

The nature of the configuration which should be used in particular circumstances can be
based on the importance of avoiding incorrectly indicating unsafe conditions and the
physical environment in which an unsafe condition might arise. In order to discuss the
relative merits of different configurations, it is helpful to define the term “danger area” to be
the area which must be entered into or passed through in order to create an unsafe condition.
For example, in the case of a machine [102] of the type shown in Figure 1, the danger area
includes the area beneath the press tool [107], as well as the area through which material,
such as a piece of steel or a portion of a human body, would have to pass in order to enter
into the area beneath the press tool [107]. As discussed with regard to Figures 6a and 6b,
one way to minimize the likelihood of incorrectly indicating an unsafe condition is to
monitor only the area beneath the press tool [107]. However, in some circumstances, such
limited monitoring might not be practical. In such situations, it might be necessary to
monitor a portion of the danger area which is not directly under the press tool [107], as is
shown in Figures 8a and 8b. Such configurations might indicate an unsafe condition when
there was actually no portion of the operator’s body under the press tool [107], but might
have the countervailing advantages in terms of cost or ease of installation. Thus, what
portions of a danger area should be monitored will depend on the specific attributes of the
unsafe condition sought to be detected and the environment in which the unsafe condition

might arise.

It should be noted that there are numerous variations of potential measurement devices
[101] which might be incorporated into an embodiment of the invention. For example, in
embodiments where a measurement device [101] measures temperature, there are multiple
methods of making that temperature measurement. For instance, temperature might be
measured using multiple independent infrared detectors which detect adjacent, yet distinct,
bands of infrared light and taking the ratio of the output of those detectors to compensate for
potential variations in emissivity between materials. Further, some measurement devices
[101] which measure temperature might use a laser to measure the emissivity of the material
being monitored, thus obviating the need for measuring multiple infrared bands. Of course,
as will be obvious to one of ordinary skill in the art, the use of lasers can be combined with

the use of measurements of multiple bands of infrared radiation to measure temperature.
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Alternatively, the measurement device [101] might use neither multi-spectrum detection nor
laser emissivity measurement when determining temperature. Further, as will be apparent to
one of ordinary skill in the art, some measurement devices might not measure temperature at
all, but might instead collect data related to some other characteristic by which different
materials (e.g., steel and fingers) might be distinguished from one another. For example, the
measurement device might simply measure the emissivity of a piece of material and, rather
than using that measurement in conjunction with a measurement of infrared radiation to
obtain temperature data, use that measurement to determine whether the material being
measured is of the type which should be deformed by a machine (e.g., polished steel, having
an emissivity of .07) or is of a type which should not be deformed by a machine (e.g., a

human finger, having an emissivity of .98).

As a concrete illustration of how such a device could be constructed, consider a situation in
which emissivity measurement devices are used as part of a safety mechanism for an
industrial machine. This could be done by positioning a plurality of emissivity
measurement devices on an industrial machine, and then adjusting the fields of
measurement of the emissivity measurement devices such that they were able to collect data
about the danger area of the industrial machine. As set forth previously, such adjustment of
fields of measurement could take place using a variety of techniques, such as by modifying
the area though which the fields of view of the measurement devices oscillate, or by ‘
employing non-oscillating devices and modifying their fields of view to be coextensive with
their desired fields of measurecment through the use of lenses and/or mirrors. Once in place,
the emissivity measurement devices could provide emissivity measurements which indicate
whether an unsafe condition exists within their field of measurement. For example, ina
particular embodiment in which a non-oscillating emissivity measurement device has a 3
square inch field of view, which, through the use of lenses and mirrors is modified from a
circular field of view to a rectangular field of view measuring 1/8 inch x 24 inches, the
following measurements could be correlated with particular materials being placed in the

field of view of the device:

Reflection Percentage Material

18 Leather Glove

22 Human Skin
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30 White Glove

59 Rusty Steel

73 Regular Steel

91 Polished Steel/Aluminum

Using such values, it would be possible to configure a safety device so that if a measurement
was below a fixed threshold (e.g., 50% reflection, representing a percentage lower than the
least reflective steel, but higher than the most reflective human appendage) a protection
mechanism would be triggered, which could prevent the further operation of the industrial
machine until an emissivity value above the threshold was detected. Of course, it should be
understood that this example is provided for illustration only, and should not be treated as
limiting on possible applications of emissivity based devices. For example, in some
situations, it is possible that comparisons of emissivity measurements could be used to
determine differentials, and those differentials could be used to determine the existence of
an unsafe condition. Similarly, it is possible that some variations might use emissivity
measurement devices which have oscillating, rather than fixed fields of view. Thus, the
emissivity-based safety device described above should be understood to be illustrative only,

and not limiting.

The foregoing is considered as illustrative only of the principles of the invention. Further,
since numerous changes and modifications will readily occur to those skilled in the art, it
is not desired to limit the invention to the exact construction and operation shown and
described, and accordingly, all such suitable changes or modifications in operation which

may be resorted to are intended to fall within the scope of the invention.
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10.

11.

CLAIMS

A method of operating a safety device comprising the steps of:

a)

b)

<)
d)

obtaining a plurality of measurements, said plurality of measurements
comprising a first measurement and a second measurement;

determining a differential based at least in part on a set of information
comprising said first measurement and said second measurement;

identifying an unsafe condition based at least in part on the differential;

if the unsafe condition is identified, triggering a protection mechanism.

The method of claim 1 wherein said plurality of measurements comprises a plurality
of temperature measurements.

The method of claim 2 wherein obtaining the plurality of temperature measurements
comprises detecting a plurality of wavelengths of infrared radiation.

The method of claim 2 further comprising the step of identifying an acceptable
temperature.

The method of claim 1 wherein the differential is a temporal differential.

The method of claim 1 wherein the differential is a spatial differential.

The method of claim 1 wherein obtaining a plurality of measurements comprises
obtaining a plurality of emissivity measurements.

The method of claim 1 further comprising the step of positioning a measurement

device.

The method of claim 1 further comprising indicating a field of measurement.

The method of claim 1 further comprising indicating a field of view.

An apparatus comprising:

a)

b)

at least one temperature measurement device, each of said at least one
temperature measurement device having a field of view and being operable to
communicate data relating to the field of view;

a processing unit, the processing unit operable to receive the data, the
processing unit further operable to identify an unsafe condition based at least
in part on a differential determined based on the data, the processing unit
further operable to trigger a protection mechanism.
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The apparatus of claim 11 further comprising a mount, wherein said mount is operable
to maintain a position of the temperature measurement device.

The apparatus of claim 11 in combination with a machine.

The apparatus of claim 11 wherein the temperature measurement device is operable to
collect data within a linear field of measurement.

The apparatus of claim 11 further comprising a light source.

The apparatus of claim 11 further comprising an adjustment mechanism operable to
adjust the field of view of the temperature measurement device.

The apparatus of claim 11 wherein the temperature measurement device is operable to
detect multiple frequencies of infrared light.

The apparatus of claim 11 wherein the field of view is disposed such that an angle
between the field of view axis and the direction of motion of a machine is acute.

A method for operating a safety device, said method comprising the steps of:
a) comparing an ambient temperature to a predetermined temperature range;

b)  ifthe ambient temperature is within the predetermined temperature range,
triggering a protection mechanism;

c) obtaining a temperature measurement;

d) determining a differential between the ambient temperature and the
temperature measurement;

e) if the differential indicates an unsafe condition, triggering the protection
mechanism;

f) designating the temperature measurement as the ambient temperature;

g) repeating a plurality of steps (a) — (f) at least one time.

The method of claim 19 wherein the step of repeating the plurality of steps (a)-(f) at
least one time comprises repeating steps (c)-(f) at least one time.

The method of claim 20 wherein the step of repeating the plurality of steps (a)-(f) at
least one time further comprises repeating steps (a)-(b) at least one time.

The method of claim 19 wherein a progression of steps consisting of steps (c), (), (a)
and (b) is performed at least once, and wherein the step of repeating a plurality of
steps (a) — (f) at least one time comprises repeating a progression of steps comprising
steps (c), (d), (e) and (f) at least one time.
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24.

25.

26.

27.

28.

29.

30.

The method of claim 19 wherein the step of comparing the ambient temperature to the
predetermined temperature range comprises comparing the ambient temperature to a
temperature range based at least in part on a temperature of a human body.

The method of claim 19 wherein the step of comparing the ambient temperature to the
predetermined temperature range comprises comparing the ambient temperature to a
temperature range based at least in part on a characteristic of a safety device.

A method of operating a safety device, said method comprising the steps of:

a) obtaining a temperature measurement of material in a danger area of a
machine;

b) comparing the temperature measurement to a predetermined temperature
range, said predetermined temperature range based at least in part on a human
body temperature;

c) if the comparison of the temperature measurement and the predetermined
temperature range indicates an unsafe condition, triggering a protection
mechanism;

d) repeating steps (a) — (c) at least one time.

An apparatus comprising:

a) at least one emissivity measurement device, said at Icast onec cmissivity
measurement device having a field of view, being operable to obtain a set of
measurement data relating to the field of view, and being further operable to
communicate said set of measurement data to a processing unit ;

b) a memory, said memory having stored thereon a set of computer readable data
indicative of an unsafe condition;

c) a processing unit, said processing unit operable to receive the sct of
measurement data, and being further operable to identify an unsafe condition
based on a comparison of said set of measurement data with said set of
computer readable data stored in said memory.

The apparatus of claim 27 wherein said set of measurement data consists of an
emissivity measurement.

The apparatus of claim 27 wherein said at least one additional emissivity
measurement device comprises a plurality of emissivity measurement devices.

The apparatus of claim 27 wherein each of said at least one emissivity measurement

device has a field of measurement, and wherein said field of measurement is
coextensive with said field of view.
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The apparatus of claim 27, wherein said set of computer readable data stored in said
memory consists of an emissivity threshold.

The apparatus of claim 31, wherein said emissivity threshold is 50%.
A method of detecting an unsafe condition, said method comprising:
a) obtaining an emissivity measurement of a danger area;

b) comparing said emissivity measurement with an emissivity value stored in a
computer readable medium; and

c) if said comparison indicates the existence of an unsafe condition, triggering a
protection mechanism.
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Figure 2A

Figure 2b
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Figure 3
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Figure 4
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Figure 6a
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Figure 7

602
. s
1.0000 inches 107

101 102
2.0000 inches— /

1z

601

18 50inches /
17.3000 inches / 6.0 inch mhx opening




WO 2008/002555 PCT/US2007/014798

8/8

Figure 8a
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