(11) Application No. AU 2002317536 A1
(19) AUSTRALIAN PATENT OFFICE

(54)  Title
Automatically measuring the temperature of food

(51)8 International Patent Classification(s)

B65G 047/00 A21B o01/40

A23L 00131 A21B 001740

B65G 047/00 A23L 001/315
21) Application No: 2002317536 (22) Application Date: 2002.12.12
(30) Priority Data
(31) Number (32) Date (33) Country

104213356 2002.08.05 us

7

(43) Publication Date : 2004.02.26

(43) Publication Journal Date :  2004.02.26

71) Applicant(s)
FMC Technologies, Inc.

(72) Inventor(s)
Rudy, Norman A; Arnold, John E; Wijts, Corneel Constant; Gunawardena, Ramesh

(74) Agent/Attorney
Freehills Carter Smith Beadle, Level 43 101 Collins Street, Melbourne, VIC, 3000




ABSTRACT OF THE DISCLOSURE

An apparatus for measuring the temperature of workpieces transported on a
conveyor (104) is disclosed. In one broad aspect of the invention, the apparatus
includes a translatable assembly which has a pick-up tool (120) for picking up
workpieces and a temperature-sensing device (118) which is in proximity to the
pick-up took for measuring the temperature of the workpiece. Other embodiments
are disclosed, including eliminating the pick-up tool, provided the temperature
sensing device travels with the workpiece. Scanners can be utilized to designate
the largest of the workpieces to be measured or for detecting overlapping
workpieces. Feedback temperature control is achieved by varying a parameter,
such as conveyor speed or a heat engine temperature. Also, a modeling module

can be incorporated to assist with temperature control of the workpieces.
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Invention Title: Automatically measuring the temperature of food

The following statement is a full description of this invention, including the best
method of performing it known to us:
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AUTO_MATICALLY MEASURING THE TEMPERATURE OF FOOD

FIELD OF THE INVENTION

The present invention is directed to a system for measuring the temperature of

workpieces traveling on conveyors.
BACKGROUND OF THE INVENTION

The demand for fully cooked meat and poultry items continues to increase with
the ever-increasing ¢onsumer need for convenience. ‘It is important thét food processors
deli?er food items to the market that are safe to consume. One parameter that
significantly ensures that the food items are free of pathogens is to process them to a
predetermined temperature.  Sometimes the. cook temperatures are mandated by
regulations. For example, in the United States, the U.S.D.A. prescribes the legal
minimum temperatures for the major food categories. Food processors attempt to carry
out these prescribed legal guidelines, however, in most situations, the food items are
overcooked above the legal minimum temperature to ensure that the. deliv.ered food items
are safe. Consequently, significant additional processing costs are incurred by over
cooking, which are passed down to'the consumer in the form of higher prices. ,

Presently, operators manuallyAmeasure the temperature of food items being
processed with hand-held digital thermometers. These fneésufements are taken for only a
few food items at somewhat regular intervals. The meéasurements are used to manually
make adjustments to the cooking or other process. Even among skilled.personnel, the
measurement and control of temperamre is an art. There is a high turnover of personnel
in these plants, making it extremely difficult to have an adequately trained staff on a
permanent basis. This can produce considerable variation in measurements, resulting

inevitably in inconsistent results for the various batches of food items being processed.
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An important concern when measuring the temperature of food items is that every
item be eprsed t‘o the required minimum temperature. One cannot be certain that the
items that are not measured afe, in fact, within the prescribed legal guidelines. This is
ﬁarticularly true for irregular-shaped food items having variation in size, including
thickness. ' | '

Pr.oduct recalls can be traced to under-processed food items. Some recalls suggest
product overlapping as one condition that leads to the under-processing of food .items. _
Overlapping occurs as a result of the food processor's strong desire to maximize belt
loading. When overlapping is present, the interface between the portions of food, such as .
meat, acts as additional resistance to heat transfer which, under some circumstances,
behaves as an insulator. Consequently, the meat or other food trapped .underneath this

thermal barrier can see significantly lower temperatures.

Accordingly, there is a need for developing systems and-methods that can - -

improve the consistency with which food items are thermally processed by providing for

the automated measurement of the temperature of food items. Additiorially, the problems

of overlapping and needless over-processing are addressed with apparatus and methods of

the present invention, achieving a higher confidence that no food itemns pass under-
processed. _
SUMMARY OF THE INVENTION

An apparatus for measuring the temperature of workpieces 'transported on a

conveyor is disclosed. In one broad embodiment of the invention, an apparatus includes a

translatable assembly which has a pick-up tool for picking up workpieces and a
temperature-sensi-ng device which is in proximity to the pick-up tool for measuring the
temperature of the workpiece. The pick-up tool is cgr{f‘i'gured to actuate in a repetitive
motion. -

In another embodiment, the pick-up tool is eliminated. However, the temperature-
sensing device is enabled to travel with the workpiece at or about the speed of the
conveyor. ‘

In another embodiment, a system is disclosed which includes a conveyor for
transpomno workpieces, a heat engine for processmg workpieces, a translatable assembly

havm0 a pick-up tool for picking up workpieces and a temperature-sensing device for
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measuring the tempefature of the workpiece, wherein the heat engine is located ahead of
the assembly. ’

In another embodiment, a scanner can be located ahead of the heat engine,
wherein the scanner determines whether there is oyerlapping of workpieces‘ and then’
signals for corrective action to be taken. | -

In another embodiment, a scanner is located ahead of the asserﬁbly and after the

heat engine. The scanner, in this embodiment, is able to determine the largest of the

workpieces in a given population. The largest of the workpieces is then selected for
temperature measurement. '

In another embodiment, the temperature-sehsing device ior'ovides feedback control
to adjust a conveyor speed controller or a heat engine controller to control the
temperature of workpieces leaving the heat engine.

In another embodiment, a plurality of temperature probes are used in a
temperature-sensing device to provide the high temperature, the low temperature, and the
average temperature. One of the high, low, and average temperature is used in a
modeling module to provide for control of the heat engine or conveyor while the actual
temperature measurement of the workpiece is in progress. In this manner, the variations
between measurements of different worl;piecés are reduced. _

Thé apparatus according to the invention has numerous advantages. The
apparatus automat-ically measures the temperature of a workpiece. The apparatus helps to
ensure that all of the workpieces being processed by a heat engine meet the required
minimum or maximum temperétures desired. The apparatus also helps to minimize
overcompensating for terﬁperature, thus realizing substantial savings in terms of energy. |
The apparatus also helps to minimize error introduced by human intervention.

‘BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing aspects and many of the attendant advantages of this invention will
beéome more readily appreciated as the same become better understood by reference to
the following detailed description, when taken in conjunction with the accompanying
drawings, wherein£ . ‘

FIGURE 1 shows a schematic illustration of an embodiment of ‘a system for

processing food items according to the present invention;
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FIGURE 2 shows; a schematic illustration of an embodiment of a system for
processing food items according to the present invention;

FIGURE 3 shows a schematic illustration of an embodiment of a system for
processing food items according to the present invention; and

FiGUR.E4 shows an illustration of an embodiment of a carriage. system for

translating a pick-up tool and temperature-sensing device above a conveyor according to

.the present invention;

FIGURE 5 shows an isometric illustration of an embodiment of a pick-up tool
according to the present invention; | A

FIGURE 6 shows a side view illustration of a pick-up tool according to the
pfesent invention;

FIGURE 7 shows an isometric illustration of an embodiment of an off-loader

~ according to the present invention;

FIGURE 8 shows a side view illustration of an embodiment of an off-loader
according to the present invention;

FIGURE 9 shows an isometric illustration of an off-loader according to the
present invention;A

- FIGURE 10 shows a top view illustration of an embodiment of an off-loader .

" portion according to the present invention;

FIGURE 11 shows a side view illustration of an embodiment of an off-loader
portion according to the present invention; and

FIGURE 12 shows an isometric illustration of an emBodimenf for a skirt for a

. pick-up tool according to the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

l.  General . ' .

Referring initially to FIGURES 1, 2, and 3 in general terms, the apparatus
according to the present invention includes a heat engine 102, 202, 302, operable in
coordination with a moving conveyor 104, 214, 304, respectively, for supporting
workpieces to be processed ‘in the heat engine, and to carry the workpieces to a
temperature measuring station 116, 216, 316, respectively. Measuring stations house
translatable assemblies 117, 217, 317, having a temperature probe and, in some instances,

a pick-up tool. The translatable assemblies will be described in greater detail below.

DESS\I8826AP.DOC -4-
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In one embodiment a pick-up tool operates.in conjunction with a temperature

_probe. Pick-up tool 120, 220, 320, picks up a'selected workpiece off the conveyor while

a temperature probe 118, 218, 318, is configured to measure the temperatdr_e of the
workpiece. .

In one embodiment, the workpiece is carried along by the assembly at or about the
speed of the cbonveyor during temperature measurerment and then the workpiece is
released back onto the coﬁveyor. The assembly is then retracted to its starting positioh
and made ready for the next workpiece.

In one embodiment, wherein a pi;:k-up tool is not uséd, the temperature probe
mdy.be lowered to the level of the workpiece. The workpiece temperature may be
measured as the workpiece moves along the conveyor. The temperature probe moves
with the workpiece at or about the conveyor speed for a suitable period to accurately:
determine its temperature. ’

In either embodiment, the translatable assembly motion is repetitive and carried

out at a desired time interval, so as to be incorporated with conveyor systems. For

~ instance, based on the type of workpiece or the conveyor loading and speed, it may be

desirable to vary the interval between temperature measurements. Such intervals can be

of a selected length. However, for food items, including chicken breasts, the interval

between measurements, and consequently, the duration of such measurements is about

I minute ‘with a 45-second interval between measurements. However, the present
invention can be configured for any desired length temperature measurement or interval
between measurements. "

During the measuring period, it ié typicavlly not possible to measure the
temperature of all workpieces. As a consequence, many workpieces go unmeasured. To
this end, techniques are in place to help ensure that the minimum temperatures are being
met. For instance, in the embodiments that follow, methods and apparatus are described
for sélecting the workpieces most likely to be the most resistant to temperature changes,
1.e., the thickest or'the largest of the workpieces for a given population. Another common
problem is that. of overlabping workpieces which act as ‘insulators to the workpieces
underneath. The techniques described below address ‘this problem by separating the
workpieces or providing a signal or alarm when the overlapping condition exists.

Appropriate action can then be taken. Other techniques for helping to ensure all

DESS\I8826AP:DOC - 5 -
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workpiéces meet the minimum or maximum temperature include predictive- modeling.
Such modeling can be used in a controller for feed forward control or to control
temperature during the actual measuring period. All of the teéhniques herein described
can be adapted to use the temperamre measurement to provide temperature feedback to
control one or more process parameters and arrive at the desired measured temperature of

the workpiece.

2 Embbdiment

Referring now to FIGURE 1, an embodiment of an automated _temperatﬁre'

measurement system 100 according to the present invention is schematically illustrated.

The system 100 includes a heat engine 102. As used herein, the term "heat engine" is
used to refer to a device which is capable of adding heat to workpieces, so as to, in some
instances, cook the workpieces or removing heat from workpieces'so as to cool the’
workpieces, in some instances to the point of freezing and below. Heét engines may have
a plurality of sensors for measuring temperature, air velocity and relative humidity at one
or more processihg zones. Itis to be appreciated that the heat engine can be conﬁgﬁred to
vary any one of these or other parameter. In one embodiment, the processing temperature
may be varied to a desired range by utilizing a temperature controller 126. Temperature
controller 126 output can cascade to heat engine controller 110 or conveyer driver speed
controller 108. Alternatively, temperature controller 126 output can be sent directly to
the heat engine 102 or to the conveyor driver 128. It is also to be abpreciated that the
present invention can find use in other processes not related to food. Workpieces as used
herein broadly includes any item which can be thermally processed and which requires
the measurement of its temperature, including food items, such as meat patties and
bone-in chicken breasts. |

‘A conveyor 104 is positioned to move the food items 106 through the thermal
processing section of the heat engine 102. Heat engiﬁes may utilize the principles of
radiation, convection, conduction and condensation to process workpieces. The
conveyor 104 typically has a moving belt that slides over a support bed constructed in a

standard manner. The coriveyor belt is driven at a selected speed by the drive system 128

- in a standard manner. The drive system 128 can be composed of a variable speed motor

coupled to the conveyer speed controller 108, to adjust the speed of the belt. The

workpieces may be carried on the conveyor belt to be processed by the heat engine 102

DESS\15826AP.DOC . "6—
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and then transported to the temperanire'-sensing station 116 located downstream of the -
heat engine 102. The amount of time which a workpiece is eXposed to the thermal enérgy
of the heat engine 102, céﬁ be adjusted by use of the conveyor speed controller 108. The
héat engine 102 may also include a.temperature controller 110. The temperature
controller 110 can adjust a heat ehgine parameter to achieve control of a measured
variable about a setpoint. For example,‘if the heat engine 102 is an oven, a tempefatufe—
measuring device 124 may be suitably mounted within any section of an oven. Thus,
when the temperature controller 110 monitofs that the temperature setpoint has been
surpassed, the temperature controller 110 would automatically lower the processing
energy to maintain the desired témperature within the oven, for example. Conversely, if
the temperature is lower than desired, the temperature controller can direct the application
of more energy to raise the measured temperature to the desired setpoint or otherwise
vary a parameter including the humidity to increase the rate of heat transfer. In general,
controllers used in the apparatus of the present invention have modules for implementing
an algorithm that controls a controllable variable in order to maintain a measured variable
at a desired setpoint. » | '

The conveyor 104 includes an incoming conveyor run 112 leading to the heat
engine 102 and an outgoing conveyor run 114 leading out of the heat engine 102.

Conveyor run.112 delivers food items 106 to the heat engine 102 to be processed therein.

The translatable assembly 117, which will be described in more detail below, is piaced in’

proximity to the outgoing- conveyor run 114 and is mounted downstream of the " heat
engine 102 to have access to the workpieces on the conveyor. However, it is .to be -
appreciated that heat engine 102 and assembly 117 can be built as an integrated single
piece of equipment. A bi-directional carriage structure 117 as is disclosed in U.S. Patent
No. 5,868,056, the disclosure of which is hereby fully incorporated by reference, can be
modified as further deécribed herein' to provide a suitable translatable assembly 117
having a temperature probe 118 mounted thereon. By use of an existing carriage
structure in the presént invention, the temperature probe 118 can be moved transversely
to the conveyor run 114, and can also be moved longitudinally, along with the convéyor
run 114 to place the temperature probe 118 at any location on the conveyor run 114, In

one embodiment, the temperature probe 118 is insertable into workpieces 106 leaving the
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héét engine 102. The carriage structure 117 moves the probe 118 at or about the
conveyor speed to allow the probe 118 o reach equilibrium with the workpiece 106.
Additionally, a pick-up tool 120, as is ‘disclosed in U.S. Application'
No. 09/619,423, the disclosure of which is fully incorporated herein by reference, can be:
configured to cooperate with the carriage structure 117 to pick up the exiting
workpieées.106 before insertion of the temperature probe 118. in one embodiment, the
pick-up tool 120 and temperature probe 118 need not travel with the conveyor. In this
embodiment, the workpiece is held for the desired time to allow the probé 118 to reach
equilibrium with the workpiece 106. Both pick-up tool 120.and temperature probe 118
can be mounted to the carriage structure 117. The temperature probe 11A8, as mounted .o‘n

the carriage structure 117, can then be inserted into the picked-up workpiece 106. The

carriage structure can hold the workpiece for a pre-determined period of time and then

release the workpiece back onto the conveyor.

Alternatively, the carriage structure 117 with the pick-up tool 120 and probe 118 |
may be.conﬁgured to move along at or about the same $peed as the conveyor for a pre-
determined length of time and then release the food item back onto the conveyor.
Further, alternatively, only the temperature probe 118 may be mounted on the carriage
structure 117. In this instance, the probe 118.is mounted to a downwardly actuated
mechanism, such as a pneumatiéally actuated piston with a,spriﬁg return which drives the
probe 118 into the workpiece. The probe 118 preferably travels at or about the conveyor
speed for a suitable time period to accurately determine the temperétureof the workpiece.

The temperature probe 118 is in signal communication with the conveyor speed .
controller 108 or the temperature controller 126. However, it is to be appreciated that
additional or fewer controllers can use the probe temperature as an input signal. In one
embodiment, the conveyor speed controller 108 can receive the output from temperature
controller 126. The temperature registered by the temperature probe 1 18 is compared to a

temperature setpoint 134. The error or differential is used in caleulating a revised speed

setpoint, for example, which is then sent to the conveyor speed controller 108. The speed

controller 108 determines 2 suitable output signal to the conveyor driver 128 using the

measured speed 132 and temperature controller 126 output, which then drives the

_conveyor 104 at a revised computed speed so that workpieces reach the proper

temperature. Alternatively, temperature controller 126 can send direct output to the

DESS\18826AP . DOC ‘8'
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conveyor driver 128. It is to be appreciated that controllers include the - necessary
hardware and software (if needed) to perforrh control algorithms to control the measured
température of workpieces at the temperature probe 118 by controlling the speed of
conveyors or he;at engine temperétures (controlled variables). Accordingly, a temperature
feedback control loop is achieved. )

-Additionally, or alternatively, the signal 122 from the temperature probe 118 can
be sent to the heat engine temperature controller 110. Température controller Ilb‘uses a
temperature setpoint to determine its output. The setpoint can be calculated by the
temperature controller 126 based on the error or differential between the setpoint 134 and
the actual temperature 122. The temperature controller 110 then may use this setpoint
and compute the error or differential with the measured temperature at 124 to determine
an output value. The output from the temperature controller 110 can be sent, for
example, to a rheostat to increase the amount of heat that is provided by fhe heét
engine 112. Alternatively, temperature controller 110 can control the coolant flow, heat
medium flow, fan, coolant pressure, humidity or otherwise regulate a controlled variable ‘
which in turn influences the temperature within the heat engine 102 to arrive at the
desired temperature setpoint being measured by the temperature probe 118.

. The signal from the temperature probe 118 ~can also be recorded by a

recorder 130. The recorder 130 can record the time as well as the temperature being

.measured by the temperature probe 118. A Such information can be useful to collect trend

data for a variety of reasons. Data acquisition and data storage are increasingly important

to the industry as more regulations, like the HAACP guidelines, are requiring these

temperatures to be archived.
3. Embodiment

Referring now to FIGURE 2, an embodiment of a system 200 for automatically
measuring the temperature of workpieces leaving a heat engine 202 is schematically
illustrated. The system 200 has components which are similar in some respects to the
components of the systcm 100 illustrated in FIGURE 1. The system 200 further includes
a scan system 232 in addition to the heat engine 202 and the measuring station 216. The
scan system 232 is located ahead of the heat engine 202. The scan system 232 can have
radiation emitters and detectors such as video cameras, diodes, x-rays, lasers and the like,

to enable the scanning of workpieces 206 to determine if there are overlapping
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workpieces 234. In one embodiment, the scan system 232 may include a staridar_d vidgo
camera equipped to produce a suitable signal 248 or signals which are processed and
interpreted by a processor 236, having a memory which contains suitable algorithms to
process the signals generéted by the video camera. The output can then be used to
determine whether overlapping of individual workpieces on the conveyor has occurred.
The signal produced by the scan system 232 can eventually be used by conveyor
speed controllers 238 and 240, temperature controllers 210 andv 226, or otherwise be used
in any desired manner. For instance, the signal generated by the scan system 232 can be
used by the conveyor speed _controiller 238 and/or 240 to speed up or 'vslow down the
conveyors 212 and/or 214 to cause separation of the overlapping workpieces 234. For
example, in one embodiment, two independent convéyor runs, 212 and 214, respectively,
cooperétively form a combined run 204 that extends at least the length of system 200.

Conveyor 212 can be independently controlled apart from conveyor 214. Each

'conveyo'r212 and 214 has a speed controller 238 and 240, respectively, and each

conveyor has a driver 242 and 244, respectively. Thus, when the signal 248 from the
scan system indicates overlapping workpieces, conveyor212 can be slowed down.
Additionally or alternatively, conveyor 214 can be sped up. In this fashion, the relative
speeding up of the forward conveyor 214 in relation to the rear Qon;/eyor 212 can separate .
the workpieces which overlap with one another. _Altérnativeiy or additionally, the signal
generated by the scan system 232 can be used to raise an alarm which alerts an‘operatAor
to take appropriate action, which may include manually separating any overlapping
workpieces on the conveyor before they-enter the heat engine 202. o
The con\.}eyor 214 includes an incorhing conveyor run -leading to the heat
engine 202 and an outgoing conveyor run . leading out of the heat engine 202. A
translatable assembly structure 217, which will be described in more detail below, is
placed in proximity to the outgoing conveyor run and is mounted downstream of the heat
engine 202 to have access to the workpieces on the conveyor, A bi-directional carriage
structure 217, such as is disclosed in U.S. Patent No. 5,868,056, can bé modified as

described herein to provide a suitable translatable assembly 217 having a temperature

probe 218 mounted thereon. By use of an existing carriage structure in the present

invention, the temperature probe 218 can be moved transversely to the conveyor 214 and

can also be moved longitudinally along with the conveyor 214 to locate the temperature

DESS\I8826AP.DOC -10-

-15-



10

15 .

20

25

30

probe 218 at any location on the conveyor. In one embodiment, the temperature
probe 218 is insertable into workpieces 206 leaving the heat engine 202 on the conveyor )
run 214, » ,
Additionally, a pick-up tool 220 such as is disclosed in U.S. Application
No. 09/619,423, can be configured to cooperate with the. carriage structure 217 alongside
the conveyor214.to pick .up the exiting wofkpieces 206 before insertion of the
temperature probe 218. In this case, both the pick-up tool 220 and the temperature
probe 218 can be mounted on the carriage structure. The pick-up tool 220 picks up and

holds the workpieces while a temperature probe-218 measures the temperature for a

. suitable time period to accurately determine the temperature. In another embodiment,

only the temperature probe 218 may be provided on the carriage. The probe 218 can be
actuated in a generally downward motion to reach the workpiece. The probe 218 may
travel at or about the conveyor speed for a suitable time period to accurately determine
the workpiece temperature. A

The temperature probe 218 is in s1gnal communication with the speed
controller 240 or the temperature controller 226. However, it is to be appreciated that
addmonal or fewer controllers can use the probe temperature. 51gna1 as an input signal. In
one embodiment, speed controller 240 may receive the output from temperature
controller 226. The temperature registered by the temperature probe 218 is compared to a

temperature setpoint 250. The error or differential can be used in calculating a revised

. spéed setpoint, for example, which can then be sent to the conveyor speed controller 240.

The speed controller 240 determines a suitable output signal to the conveyor driver 244
using the measured speed 252 and temperature controller 226 output, which drives the
conveyor 2l1'4 at the revised computed speed so that workpieces reach the proper
temperature. Any adjustment of conveyor 214 may result in having té speed up or slow
down conveyor 212. Thcrefore, signal communication is established between the »
conveyor speed controllers 238. and 240, and suitable algorithms are in place to control
both separation and temperature. Alternatively, temperature controller 226 can send

direct outputs to the conveyor driver 244. It is to be appreciated that controllers include

the necessary hardware, and software (if needed) to perform control algorithms to control

the measured temperature of workpieces at the temperature probe 218 by controlling the

speed of the conveyor 214 or heat engine temperature 224 (controlled variables).

DESS\18826AP.DOC ‘1 1 =
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Additionally or ahemati?ely, the signal 222 from the temperature probe 218 can
be sent to the heat engine temperature controller 210. Temperature controller 210 may
use a temperature setpoivnt to determine its output. The's.etpoint can be calculated by the
temperature controller 226 based on the error or differential between the setpoint 250 and
the actual temperature 222." With this information, the ternperature: controller 210 can
compute the error or differential with the measured temperature at 224 to determine an -
output value. The output from the temperature controller 210 can be.sent, for example, to
a rheostat to increase the amount of heat that is provided by the heat engine 202.

Alternatively, the temperature controller 210 can control the flow of a coolant, heat

‘medium flow, fan, coolant pressure, or otherwise regulate one or more controlled

variables which in turn influence the temperature within the heat engine 202 to arrive at
the desired temperéture setpoint being measured by the temperature probe 218.
The signal from the temperature probe 218 can be recorded by a recorder 230.

The recorder 230 can record the time as well as any temperature being measured by the
temperature probe 218. Such information can be useful to collect trend data for a variety
of reasons.
4. Embodiment .

~ Referring now to FIGURE 3,-another embodiment of a system 300 used for the
automatic temperature measurement of food items is illustrated. The.system'BOO has
componéms which are similar in some respects to the components of the system 100 of
FIGURE 1 and the system 200 of FIGURE 2.- However, in the embodiment ilIusfra@ed in
FIGURE '3, a scan system 346 is located downstream of the heat engine 302 and ahead of
the temperature measuring station 316. The scan system 346 may include a video
camera, a data processor 336, including a memory, in which algorithms may be used to.
deteﬁnine the largest of the workﬁieces 306 in any given population of workpieces .
passing on the conveyor 304. Not only can the scan system 346 determine the largest of
the food itéms, it also is capable of tracking the largest workpiece and producing a
signal 350 in relation thereto. The output from the processor 336 may be sent to a
positioner on the aséembly317 that directs the positioning of the carriage structure.
Based on the signal produced by the scan system 346, the pick-up tool 320, and
temperature probe 318 are targe"ted at the largest of the workpieces. As with the previous

embodiments described above, the carriage 317 can include the pick-up tool 320 and
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temperature probe 318, where the pick-up tool 320 holds the workpiece for a suitable
length of time while the probe 318 accﬁrétely measures the temperature. Alternatively,
the probe 318 can be mounted on the carriage 317, which is configured to actuate
downwardly and longitudinally so as to travel with the workpiece for a suitable length of

time to accurately determine the temperature of the workpiece. By selecting the largest

- of workpieces from ‘a group, it is assured that the remainder of the lesser-sized

workpieces will attain the ;eqﬁired minimum temperature. This is because in smaller-
sized food items, the resistance to heat transfer or intake is reduced as compared with the
larger sized items. ‘

The conveyor 304 includes an incoming conveyor run312 leading to the heat
engine 302 and an outgoing conveyor run 314 leadidg out of the heat engine 302.
C.onveyor run 312 delivers workpieces 306 to the heat engine 302 to be processed therein.
The translatable carriage structure 317, which will be deséribed in more detail below, is
piaced in proximity to the outgoing conveyor run 314, and is mounted downstream of the
heat engine 302 and the scan system 346.. A bi-directional carriage system, as disclosed
in U.S. Patent No. 5,868,056, may be modified as deséribed herein to provide a suitable
translatable carriage syétem§17 ha\}ing a temperature probe 318 mounted‘th_ereon. By
use of an existing carriage structure in the present invention, the femperature probe 318
can be moved transversely to the conveyor 314 and can also be moved longitudinally
along with the conveyor 314 to locate the temperature probe 318 at any location on the
conveyor. In one embodiment, the temperature prlobe 318 is insertable into
workpieces 306 leaving the heat engine 302 on the conveyor run 314. 4

Additiqnally; a pick-up tool320 as is discloséd in U.S. Applicatioﬁ
No. 09/619,423, can be configured to cooperate with the carriage structure 317 alongside
the conveyor304 to pick up the exiting workpieces 306 before insertion of the
temperature probe 318. In this case, both the pick-up tool 320 and the temperatufe
probe 318 can be mounted to the carriage structure 317. The pick-up tool 320 picks up
and holds the items while a temperature probe 318 measures thé temperature for a
suitable time period to accurately determine the temperature. In another embodiment,
only the temperature probe 318 may be provided on the carriage 316. The probe 318 can

be actuated in a downward motion to reach the workpiece. The probe 318 can also travel
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at or about the conveyor speed for a suitable time period to accurately determine the

workplece temperature.

The temperature probe 318 is in signal communication with a speed controller 308
or temperature controller 326. However, it is to be appreciated that additional or fewer
controllers can use the probe temperature as an input signal. In one embodiment, speed
controller 308 receives the output from temperature controller 326. The temperéture
registered by the temperafure probe 318 is compared to a temperature setpoint 350. The
error or differential in temperatures may be used in calculating a revised speed setpoint,
for example, which is then sent to the conveyor speed controller 308. The conveyor
speed controller 308 determines a suitable output signal to the conveyor driver 328 using
the measured speed 352 and temperature controller 326 output, which drives the
conveyor 304 at the computed revised speed so that workpieces reach the proper
temperature within the heat engine 302. Alternatively, temperature controller 326 can
send direct output to the conveyor.driver 328. It is'to be appreciated that controllers
include the necessary hardware and software (if needed) to perform control algorithms to
control the measured temperature of workpieces at the temperature probe 318 by
controlling the speed of the conveyor 304 or heat engine temperature 324 (controlled -
variables). '

Addmonally or alternatively; the signal 322 from the temperature probe 318 can
be sent to the heat engme temperature controller 310. Temperature controller 310 may
use a temperature setpoint to determine its output. The setpoint can be calculated by the
temperatqre controller 326 based on the error or differential between the setpoint 350 and -
the actual temperature 322. With this information, the temperature controller 310 can
compute the error or differential with the measured temperature at 324 to determine an
output value. The output from the temperature controller 310 can be sent, for example, to
a rheostat to increase the amount of heat that is provided by the heat engine 302.
Alternatively, the temperature controller 310 can control a coélant flow, heat medium
flow, fan, coolant pressure, or otherwise regulate one or more controlled variables which
in turn influences the temperature within the heat engine 302 to arrive at the desired
temperature setpoint being measured by the temperature probe 318.

TheA signal from the temperature probe 318 can also be recorded by a

recorder 330. The recorder 330 can record the time as well as any temperature being
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measured by the temperature probe 318. Suqh information can be useful to collect trend
data for a variety of reasons.
S. Temperature Measuring Station

Referring now to FIGURE 4, a suitable carriage structure for use in any of the

above-described embodiments is shown. The carriage structure may be used for locating

“an assembly including the temperature probe 501, or alternatively, in combination with a

pick-up tool 500. The temperature probe 501, alternatively, combined with the pick-up
tool 500 may repléce the work tool 30, descriﬁed in the above-identified patent. In one
particular embodiment, the temperature probe 501 can include a wireless transmitter to
communicate a signal indicative of temperature to a remote device which will procesg thé
signal and execute a process in response thereto. The fact that the carridge structure
disclosed in the above-identified patent can translate both laterally and longitudinally
with respect to the conveyor makes it particularly suitable for use in the embodiments of
the present invention. For example, in some embodiments, the scan system will be able
to detect the thickest portion of a workpiece or the largest workpiece. Assuming the
thickest portion of the Workpiece or the largest workpiece is the most likely to be the

coldest or the most resistant to temperature change, the temperature probe 501 can be .

- translated from side to side and in the direction of the conveyor, accdmplished by the

transversely movable carriage 406, and secondly, by the longitudinally movable

carriage 416. In this manner, the temperature probe 501 can be positionéd at any location

on an x-y plane, and further, once the temperaturé probe 501 is positioned on the '
workpiecé, the temperature probe 501 can move longitudinally at the conveyor speed for
a suitable length of time to allow thermal equilibriﬁm and obtain a more representative
temmperature reading of the workpiece. Additionally or alternatively, a pick-up tool 500
can likewise be mounted on the carriage structure. In this manner, the workpiece is lifted
off the conveyor and held for a predetermined time to allow the measurement of its
temperature.

FIGURE 4 illustrates one particular embodiment of a carriage assembly 400 that
may be utilized in conjunction with the pick-up tool 500 and the temperature probe 501 in
the térnperéture measuring‘ stations 116, 216, 316, of the present invention. The
assembly 400 in basic form includes a support structure 402 éxtending across the

conveyor 404 for supporting and guiding a carriage 406 for movement transversely to the
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direction of movement of the conveyor 404. The carriage 406 .is powered by a drive
system 408 including in part, a motive system 410, and a drive train 412. A second,
longitudinal support structure 414 is cantilevered outwardly from carriage 406 in a
direction generally aligned with a direction of mévement of the conveyor 404. A second
longitudinal carriage 416 is adapted to move along longitudinal support structure 414 by
the drive system 408. In this regard, a second motive system 418 powers the longitudinal
carriage 416 through the drive train 412. A temperature probe 501 and pick-up fool
assembly 500 is mounted on the .longitudinal carriage 416 to move therewith. ‘

As shown in FIGURE 4, the transverse support structuré 402 may include a beam
structure 422 that extends transversely across the conveyor 404 at an elevation spaced
above conveyor 424. The ends of the beam 422 may be supported by brackets 426 and
428 extending upwardly from the conveyor's support structure 430. The carriage support

structure 402 also may include 'a track for guiding the carriage 406 along ‘beam

" structure 422, composed of an upper rail 432 and a lower rail 434 attached to the face of

the beam structure 422 facing the carriage. The carriage 406 may include a generally
rectangular shaped bed 436 with rollers 438 attached to the corners of the bed. |

The carriage 406 may be powered to move back and forth along beam
structure 422 by motive system 410. A drive belt 440 extends around a drive pulley 442
located at the upper end of the motive system 410 and also around an idler pulley of an
idler assembly mounted on the upper end of bracket 426. The belt 440 makes a loop
around the beam structure 422, extending closely along the side walls of the beam, with
the ends of the belt connected to the back side of bed 436.

The motive systerﬂ 410 may include the servo motor 448 controllable by a
computer to move the carriage 406 back and forth along beam structure 422 as desired. A
drive shaft 450 extends up from the servo motor 448 to power the drive pulley 442. As
further shown in FIGURE 4, the ‘longitudinal suppoft structure 414 cantilevers
transversely from carriage 406 and carried by the carriage 406. The support structure 414
may include a beam member 452 that tapers in the direction of its distal end. An elongate
track 454 extends along one side of the beam member 452 for guiding the longitudinal
carriage 416. The carriage 416 includes a substantially planar, recta.néularly shéped
bed 456 and rollers 458 at each of its corners adapted to ride along the upper and lower

edges of a track 454.
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Carriage 416 may be moved back and forth along track 454 by the drive

_ system 408. In this regard, the drive system may include a second motive system 418,

constructed similarly to motive system 410, to power a drive belt 460 which is trained
around a dyive pulley 462 mounted on the upper end of motive system 418 and also
trained around an idler pulley 464, which is located below idler pulley 444. The belt 460
also trains around idler pulleys 466 and 468 mounted on carriage 406. A further idler
pulley 470 is mounted on the distal end of beam 452. The ends of the belt 460 are
attached to the bed 456 of carriage 416 so that rotation of the drive pulley 462 resulfs in

" movement of the belt 460, which in turn, causes longitudinal carriage 416 to move along

track 454, As with motivev system 410, motive system 418 may include a servo
motor 472, which is drivingly engaged with drive pulley 462 by a drive shaft; The servo
motor 472 may be controllable by' a.combuter to move the carriage 416 back and forth,
generally in a direction parallel to the movement of the conveyof. The speed of
carriage 416 can be controlled to match the belt speed of conveybr 404, Td this end, a -
speed controller or properly geared train can drive the carriage 416 at or about the same
speed as the conveyor belt.

In operation, as workpieces are carried along conveyor404, the pick-up
tool/temperature probe assembly 420 is moved along selected paths of travel by
carriages 406 and 416 powered by drive. system 408. : Carriage 406 moves the
assembly 420 transversely, and carriage 416 moves the assembly longitudinally relative
to the direction of travel of the conveyor 404. This enables the assembly to travel quickly
along complicated routes which are programmed‘into the operation of the servo mbtors of
the motive systems 410 and 418 by a computer. "

Furthermore, in some instances, the assembly 420 shown in F IGURE 4, Amay also
be translatable in a third direction, which can position the suction/temperature probe 500
assembly at any height above the conveyor'404 in the z direction. A éuitable downwardly
actuating assembly is described below. '

In another embodiment, a robotic arm can be used in place of a carriage assembly.
A robotic arm can carry the pick-up tool and temperature probe. A robotic arm typically
has articulating members enabling the positioning of any tool at a desired location in »

response both to a positioning system and a drive system.
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6. Off-Loading Station Assembly

Nlustrated in FI‘GURES 5,6,7,8,9,10,and 11, is an off-loader assembly of U.S.
Application No. 09/619,423 which can be modified for use as an off—loadéf in
coordination with any of the embodiments described above. The off-loader can be used
to transfer‘workpieces off or on to a conveyor. The assembly 616 includes one or a
plurality of pick-ul:; tool$‘712 for removing selected workpieces from conveyors. One

embodiment of the off-load assembly 616 includes an overhead framed structure 700 that

spans between the adjacent end of the portioning station cabinet 716 and a frame end

structure 710. The overhead frame includes a plurality of side-by-side cabinets 702, each
housing a drive system for associated pick-up tools 712 pdsitioned below the cabinets.
Preferably, each of the ‘cabinets is generally rectangular in shape and has a front aécess '
door 718. Three side-by-side cabinets 702 are.illustrated, with the cabinets a&ached to
each other to create a rigid, unitary beam structure. The drive system includes, among
other components, a servo motor 720 schematically shown in FIGURE 9 as positioned
above a servo motor cooling fan 722, which in turn is positioned on a mounting
platform 724 spaced above cabinet floor 726 by a plurality of support legs 728. A
coupling 730 is attached to the output shaft (not shown) of the servo motor and also

aﬁach,ed to the upper end of a drive shaft 732 that extends through an opening formed in

- cabinet floor 726. A drive pulley 734 is coupled to the lower end of the drive shaft 732.

The pick-up tools 712 are carried by carriages 708 that ride along frame
assemblies 704 that‘ in turn are attached to the underside of cabinets 702 by a mounting
bar 736 attached to and extending along the underside of the cabinet floor 726 in a
direction generally transversely to the direction of travel of convéyor.l The mounting
bar 736 projects from a generally fectangular shaped mounting flange 738, also attached
to the underside of the cabinet floor 726. A drive shaft hub 740 projects downwardly
from a clearance hole formed in the mounting flange 738 for receiving the drive shaft 732
therethrough. Preferably, roller or other types of bearings are positioried within the upper
and lower end portions of the hub 740 for positioning and supporting the drive shaft 732.

The carriage frame assemblies 704 each include a longitudinal beam 742 attached
to the underside of an edge flange 744 projecting upwardly from the beam along a portion
thereof that is positioned below a corresponding cabinet 702. Longitudinal slots 746 are

formed in the edge flange 744 through which extend hardware members, for instance,
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bolts that engage within threaded cross-holes extending through mounting bar 736. In

.this manner, the frame assembly 702 may be longitudinally adjusted relative to the

mounting bar 736, as will be discussed more fully below. Spaced-apart upper and lower
rod tracks 748 and 750 are mounted to beam 742 at the ends of the rod tracks by end
flange plates 754 and 756, which are attached to the ends of the beam 742. A pair of rod
tracks 748 is located on each side of the beam 742. An idler puﬂey 758 is spaced
outwardly from flange plate 756 on an upright support shaft 760, which in tumn is attached
to upper and loWer mounting ears 762 projecting from the upper and lower portions of
flange plate 756. An endless cog or gear belt 764 spans between the drive pulley 734 and
the idler pulley 760. |

The tension on belt 764 may be adjusted by shifting the position of beam 742 and,
thus idler pulley 758, relative to the drive pulley 734 so that moving the idler pulley away‘
from the drive pulley will increase a tension on the belt 764, while shifting the idler
pulley toward the drive pulley will reduce the telnsion on the belt. The movement of the
beam 742 is accomplished through the use of a threﬁded stud 766 that projects outwardly
from the end of mounting bar 736 through a clearance opening formed in a take-up
tab 768 projecting upwardly from the uppér‘surface of beam 742 at a position spaced a
short distance from the end of the mounting bar. Hardware members in the form of
nuts 770 are threadabiy eng.aged over stud 766 to bear against tﬁe opposite sides of the »
tab 768 thereby to position the tab relative to the end of the mounting bar 736. Once the
destred tensién of the belt 764 is achieved, the nuts 770 capture the tab 768 therebetween.

The pick-up .tools 712 are mounted . on carriages 708 carried by frame
assemblies 774. The carriages 708 each include a slider block 772 secured to tﬁe four
comér portions of a planar, substantially rectangular carriage plate 776. The slider blocks
include clearance holes for receiving rod tracks 748, 750. Ideally, a bushing 778, or other
anti-friction device, is pressed or otherwise securely positioned within the clearance hole A
of the slider block to help the carriage anti-frictionally slide along the frame
assemblies 780.

The carriage 708 is secured to the backside of carriage plate 776 by a clamping
plate 782, which presses the belt 764 against a clamping block 784, secured to the back
surface of the carriage plate 776 as best shown in FIGURE 6. The surface of the

clamping plate 782 facing the belt may be grooved to match the contour of the belt teeth
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so as to securely retain the belt bethen the plate 782 and the block 784. Hardware
members extend through clearance holes formed in the plate 508 above and below the
beli, within aligned threaded holes formed in the block 784. In this manner, the belt 764
is securely attached to the pick-up carriage 708 without having to drill holes or otherwise
alter the belt 764. ) ,

~Some embodiments, which are- attached to.the bed 456 of FIGURE 4 'do not_l
require clamping plate 782, block 784, or slider blocks 772, 778.

It will be appreciated that with the apparatus of the present invention it 1s possible
to continuously and quickly process workpieces, sucH as meat products. A computer is
capable df keeping track of the sizes and other physical parameters of the workpiece as A
well as the location of such Wofkpiece_ on the conveyors. The apbaratgs is capable of
quickly, accurately, and repeatedly making distinctions among workpieces by which
workpieces are graded and/or sorted. Moreover, meat products are processed in
environments wherein the room temperature is_typically at about 40 degrees, which is
quite cold, and difficult for personnel to withstand on a daily basis; whereas the apparatus
of the present invention is substantially immune to such cdld teﬁperatures.

7. Pick-Up Tools A

~ Referring spe.ciﬁcﬁlly to FIGURES § and 6, a suitable suction device for use as a
pick-up tool is illustrated. The suction device is described in the above-identified
application as being used in conjunction with portioning, but can be readily adapted to
ride on the carriage 416 with the temperature probe 501 of FIGURE 4. Pick-up tools
described herein can be used in the temperature measuring stations 116, 216, 3 16, or the

off-loader station 616. FIGURES 5 and 6.show a pick-up tool specific for use with the

.offloader, but can be modified for use with a carriage assembly of FIGURE 4 by

removing the clamping bar 782, block 784 and slider blocks 772, 778.

The_: suction device 500 includes a linear actuator in the form of a pneumatic
cylinder assembly 502, which is secured to and carried by fhe carriage 416 of FIGURE 4
or any other carriage describéd herein that can be translated. The pneumatic cylinder
may be coupled to a suction device 500 as further described below or replaced with a
temperature probe 501 to actuate the probe downward to the level of the workpiece. The
cylinder portion 504 of each cylinder assembly is held in place on carriage 416 by a lower

attachment block 506 which is mounted on the carriage bed 508 by hardware members.
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A close-fitting clearance hole is vertically formed in attachment block 506 to slidably
receive cylinder pobrti()n 504 therein. The lower end of the cylinder portion 504 abuts the
upper surface of an end block 512, which has‘ a narrdw slot formed therein to provide
clearance for the cylinder rod 514 which projects downwardly from the cylinder
portion 504. The upper end of the cylinder portion 504 is securely held in place by a
quick rélease clamp assembly 516 composed of a stationary half 518 and a pivotal
half 520 hinged to the stationary half by a pin 522. The stationary half518 and pivot
half 520 of the- clamp assembly 516 are shaped to define a circular receiving seat 524 for
securely clamping against the upper end portion of the cylinder 504. The pivot half 520 .
is held in closed position by a spring-loaded pivot pin 526 that extends outwardly-through
clearance slots provided in the adjacent portions of clamp stationary half 518 and clamp
pivot half 520 to extend through a clearance hole formed in a tran_sx}ers: pig 528. A

compression spring 530 is engaged over the free end portion of pin 526 to press against

" transverse pin 528 so as to help retain the transverse pin engaged within a semicircular

seat 560 formed in the pivot half 520. , ‘ ,
Referring to FIGURES 5 and 6, a suction tip or head 532 is attached to the lower
end of rod 514 for. adherence to the workpiece being removed from conveyor. A

compressible bellows cup assembly 534 is attached over an extension neck 536 projecting

_downwardly from the main body portion of tip 532. The bottom 538 of the bellows

assembly is cup-shaped so as to achieve a secure attachment with the workpieces to be
picked up. A ‘center bore or passage 540 exténds through the tip 532 and A‘extensior.l
neck 536 to present an opening 542 at the bottom of the extension neck.

- In certain situations, it may be important to keep the suction tip 532 from rotating
thereby to maintain the orientation of the workpiece. This is accomplished by use of a
guide rod 544 having its lower‘ end fixed to a tab 546 projecting outwardly from the
generally cylindrically shaped suction tip 532. The upper ehd portion of the rod 544
slides within a vertical cléarance hole formed in the attachment block 506. In this
mannér, guide rod 544 is disposed in a spaced parallel rélationship with cylinder rod 514.
Other systems can be utilized to prevent the suction tip 532 from rotating.

" Suction is applied to the suction tip 532 by use of a venturi assembly 548

Pressurized air is supplied to the venturi assembly 548 by supply. line 552. The venturi

creates a source of reduced air pressure which is transmitted to suction tip 532 by line 554
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that is connected to a side port 556 formed in the body of suction tip 532. This side port

is in fluid. flow communication with the central air passageway 540 extending

- longitudinally upwardly from the bottom of the suction tfp to the elevation of the side

port. Ideally, an air valve (not shown) is used to supply pressurized air to the venturi 548
to generate a reduced pressure air source when desiring to pick up, a workpiece 1tem

while also supplying pressurized air to a second side port 558 of the suction tip 532 when

-desiring to break the suction connection between the cup assembly 538 and the item,

thereby to disengage the suction tip from the item. The side port 558 is also connected in -
fluid flow communication with the tip air passageway 540. The positive pressure air
source can also be used to "backblow" the suction 'tip'532 to clean out the suction tip or
remove matter that may have become lodged therein. During this backblow operation,
the air valve discontinues air ﬂow to the venturi assembly 548 so as to not induce the
matter to enter suction line 554 a

- In one embodiment, a temperature probe 501 is mounted‘to the end block 512, As -
the suction head 532 is refracted upwardly, the workpiece being carried by the suction -
head is pierced by the temperature probe 501, thus enabling temperature sensing of the
workpiece. ‘

. Referring speciﬁcally to FIGURE 12, the pick-up tools can include a retaining
skirt or housmg, 800 designed to substantially surround the cylinder rod 514 and suction
tip 532 of the plck-up tool, and' thereby also sunound the workpiece lifted off of the
conveyors by the pick-up tool, as described more fully below. The skirt 800 is mounted'
on the carriages by a tab 802 projecting upwardly from the skirt 80-0 as shown in
FIGURE'12. Hardware members, not shown, eéxtend through clearance holes formed in
the tab to engage nuts (not shown). The skirt is generally in the shape of an octagon, with
one panel missing to define a longitudinal gap 804 in the skirt to reduce the weight of the
skirt. One or more of the panels may include slot 806 formed therein so as to reduce the
weight of the skirt. At the bottom of the skirt, the panels flare outwardly so as to define
an enlarged entrance opening 808 for the portioned workpiece as the portioned workpiece .
is lifted upwardly into the skirt by retraction of the pick-up tool.

It will be appreciated that the skirt/housihg 800 may be of configurations other
than that illustrated in FIGURE 12. In this regard, a cage structure (not shown)

composed of wire elements or other structural members may be utilized in place of the

DESS\18826AP.DOC '22'

-27-



10

15

20

25

skirt 800. Such cage structure would provide lateral restraint to the workﬁiéce being
carried by the pick-up tool. As in the skirt/housing 800, the cage can be constructed with
a bottom opening through which the workpiece passes upwardly when being rernovéd
from the conveyor and exits downwardly when being deposited at a location remote from
the conveyor. o

In general, when lifted upwardly, the workpiece enters the skirt or shroud 800 that -
substantially encircles the\pick—up device and the workpiece and restrains the workpiece
as the cafriage travels. This travel occurs very quickly generating a high acceleration
when beginning its lateral movement and a high deceleration ‘rate when coming to a stop.
Without the skirt 800, the workpiece, especially if a food product, may tend to sWing
back and forth during thé high acceleration and deceleration of the carriage.

Further examples of pick-up tools are ~described in U.S. Application '
No. 09/619,423, which is expressly herein incorporated by reference. The pick-up tool is '
described above as utilizing suction action to grasp the workpieces. However, other types
of methods may be employed to pick up the workpieces. For example, if the workpiece is
composed of magnetically conductive material, the pick-up tool may utilize a magnet. In
addition, the pick-up tool may consist of a clamp or jaw structure capable of physically
grasping the workpicce for lifting off the conveyor and then releasing the wdrkpiece ata
desired remote location from the conveyor. Alternatively, the pick-up tool may include .
forks or tines in place of the suction tip/head 532 to spear the workpiece. As a further
alternative, the pick-up tool may consist of very cold (below freezing temperature) tabs
that "stick" to the workpiece thereby to pick up the workpiece ffdm the conveyor.

8. Temperature Probes

In one embodiment, the temperature probe 118, 218, 318, or 50! penetrates the -
surface of the workpiece. Such invasive probing of the items can produce very accurate
temperature measurements. For example, the use of a 21-gauge (0.032" diameter)
hypodenhic néedle can result in rapid equilibrium of the internal temperature of the
workpiece and the probe and at the same time will leave an almost imperceptible
penetration footprint on the workpiece. One example of such temperature probe is a
thermocouple of the type "T", about 1.5 inches long. However, it is to be appreciated that

other types of temperature measuring instruments also can be used.
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It is not absolutely required that physical insertion takes place. The probes may
be placed on the surface of the workpiece and modeling may be able to prédict the
interior temperature baséd on known thermal conductivities or other such physical
parameters. In other instances, the temperature measurement can be non-invasive which
avoids contact with the workpieces altogether. Such methods could use infrared radiation

detectors to-measure the workpiece temperature. It is also possible to have more than one

. temperature probe mounted on a carriage assembly. A plurality of temperature probes

can be used to measure the temperature of more than one location on the workpiece. The
use of multiple temperature probes is desirable, for instance, when measuring the
temperature of irfegular—shaped workpieces, such as bone-in chicken.

In another embodiment, a single temperature probe can be used to measure the

temperature of a single location on the workpiece. The use of a single temperature probe

"is desirable, for instance, when measuring the temperature of substantially similar

workpieces, such as meat patties that are of uniform thickness. In this instance,
temperature modeling may or may not be used, since the variation between workpieces is
substantially negated. The expected temperatures for each of these uniformly shaped
workpieces will be substantially the same, and thus, math modeling may or may not be’
desired. . ' A

In another embodiment, a temperature probe may be attached to a device that
allows insertion only halfway into a.workpiece.. Such device is described in U.S. Patent

No. 4,580,909, which is herein fully incorporated by reference.

9. Predictive Modeling

In another aspect of the present invention, predictive modeling can be used
additionally or alternatively as a supplement to feedback temperature control. Based on
any number of parameters, such as the location of the temperature sensor on t_he
workpiece, the size of the Workpiece, or the thickness of the -workpiece, thermal
conductivities and specific heat capacities, future populations of the workpieces can be’

predicted to undergo a specific .temperature within the heat engine, and thus, the

~ temperature of the heat engine, or the conveyor speed can be adjusted accordingly in a

feed forward control mode. Such modeling is described in U.S. Application

No. 09/560,637, the disclosure of which is herein fully incorporated by reference.
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In one embodiment, a pluralAity of fernperature Vvalues can be obtained by using
multiple temperature probes. A processor can use one of the high temperature, low
temperature, or average of the temperatures as an input value to a controller. -Such
controller can then adjust the"temperature of the heat engine, and additionally or
éltematively, the conveyor speed. Modeling of expected temperature-time profiles within
a heat engine is desirable, for example, when processing irregularly sized wofkpieces,
since the time interval that can occur between the measurement of workpieces can extend
into Several minutes.  Accordingly, the math model predicts the appropriate control

parameter during this delay period. In this manner, variations are reduced. The input

signals to one or more controllers is likewise made more reliable. The introduction of

large errors between the measured variable and the setpoint are avoided. The modeling

module can supplement or otherwise replace the actual input tem;ﬁerature to the controller

o achieve the temperature control. In another aspect of the invention, modeling can take

on the role of backup to the temperature-sensing device. Math modeling can guard
against wide fluctuations in adjustments so as to produce a more consistent product, as
well as ensure that all the workpieces achieve the desired minimum temperature.

10.  Scanning Stations ‘ »

The scanning stations 232 or 346, whereat workpieces are scanned, ascertain
selected physical parameters, for example, their size and shape, iﬁcluding thickness.
Information from the scanning structures is used to control certain pick-up tools,
tem.perature probes or conveyors. In addition, it is possible to- locate discontinuities
(intluding voids), foreign material, and undesirable material in the workpiece, for
example, bones or fat in a meat portion, and thus avoid them while probing. The
scanning can be carried out utilizing a variety of techniques, including a video camera to
view a workpiece illuminated by one or more light sources. Light from the light source is
extended across the moving conveyor to define a sharp shadow or light stripe line, with
the area forwardly of the transverse beam being dark. When no workpiece is being |

carried by the conveyor, the shadow line/light stripe forms a straight line across the

‘conveyor belt. However, when a workpiece passes across the shadow line/light stripe, the

upper, irregular surface of the workpiece produces an irregular shadow line/light.stripe as
viewed by a video camera directed downwardly on the -workpiece and the shadow

line/light stripe. The video camera detects the displacement of the shadow line/light
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stripe from the position it would occupy if no workpiece were present on the conveyor.
This displacement represents the thickness of the workpiece alohg the shadow line/light
stripe. The length of the workpiece is determined by the length of time that shadow lines
are created by the workpiece. In this regard, an encoder is integrated into the scan
structures, with the encoder generating pulses at fixed time intervals corresponding to the
forward movement of the conveyor. | '
In lieu of a video camera, the scarining stations may instead utilize a x-ray
apparatus for determining the physical characteristics of the workpiece, including its
shape, mass and weight. X-rays may be passed through the object in the direction of a
X-ray detector. Such x-rays are attenuated by the workpiece in proportion to the mass

thereof. The x-ray detector is capable of measuring the intensity of x-rays received

thereby after passing through the workpiece. This information is utilized to determine the .

overall shape and size of the workpiece, as well as the mass thereof. An example of such
a x-ray scanning device is disclosed by U.S. Patent No. 5,585,603, incorporated by
reference herein.

The data information measured/gathered by the scanning devices is transmitted to
a computer, which records the location of the workpiece on the coﬁveyor as well as the
shape and other parameters of the workpiece.  With this information, the computer
determines whether there is any overlapping of workpieces, and additionally, or
alternatively, selects the largest workpiece and keeps track of its location so the pick-up
tool may retrieve thé workpiece so that the probe is correctly placed for temperature
measurement. ' }

While the preferred embodiment of the invention has been illustrated and
described, it will be appreciated that various changes can be miade therein without

departing from the spirit and scope of the invention.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. An apparatus for measuring the temperature of workpieces transported on
a conveydr, comprising: . ‘

a translatable assembly having a pick-up tool configured to actuate in'a repetitive
motion for bicking up a workpiece and having a holding and releasing action, and;

a temperature-sensing device in proximity to the pick-up tool configured to

measure the temperature of the workpiece during the holding action.

2. The apparatus of Claim 1, wherein the temperature-sensing device further

“ comprises multiple probes for sensing temperatures on multiple workpiece locations.

-

3. The apparatus of Claim 1, wherein the temperature-sensing  device

includes a single probe for sensing temperature at one location.

4. The apparatus of Claim 1, wherein the pick-up tool has a source of

vacuum for creating the holding action which holds the workpiece to the piek-up tool.

S. The appératus of Claim '1, wherein the translatable assembly further
comprises: A
a first carriage mounted on a first support structure, said carriage having the.
pick-up tool and the temperature-sensing device mounted thereon, and said first carriage

configured to translate in a first direction.

6. The apparatus of Claim 5, wherein the translatable assembly further
comprises: |

a second carriage mounted on a second support structure, said second carriage

 supporting the first support structure, and said second carriage translatable in a second

direction.

7. The apparatus of Claim 1, wherein the temperature-sensing device further

comprises a transmitter with signal communication to a conveyor speed controller.
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_ 8. The apparatus of Claim 1, wherein the temperature-sensing device further
comprises a transmitter with signal communication to a heat engine temperature

controller.

9. The apparatus of Claim 1, wherein the temperature-sensing device further -

comprises a transmitter with signal communication to a recorder.

10. A system for measuring the temperature of workpiecés, comprising:
a conveyor for transporting workpieces, |
a heat engine in proximity to the conveyor for processing the workpieces;
a translatable assembly having a pick-up tobl configured to actuate in a repetitive
motion fo} picking up a workpiece and having a holding and releasing action, and a
- temperature-sensing device in proximity to the pick-up tool configured to measuré the
temperature of the workpiece during the holding action, the assembly located in

- proximity to the conveyor, the heat engine ahead of the assembly.’

11.  The system of Claim 10, wherein the temperature-sensing device further

comprises multiple probes for sensing temperatures on multiple workpiece locations. -

- 12, The system of Claim 10, wherein the temperatﬁre-sensing device includes

a single probe for sensing temperature at one location.

13.  The system of Claim 10, wherein the pick-up tool has a source of vacuum

for creating the holding action which holds the workpiece to the pick-up tool. '

14, The syétem of Claim 10, wherein the translatable assembly further
comprises: '
a first carriage mounted on a first support structure, said carriage having the
pick-up tool and the temperature-sensing device mounted thereon, and said first carriage

configured to translate in a first direction.

15.  The system of Claim 14, wherein the translatable assembly further

comprises:
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a second carriage mounted on a second support structure, said second carriage
" supporting the first support structure, and said second carriage translatable in a second

direction.

16.  The system of Claim 10, wherein the temperature-sensing device further

comprises a transmitter with signal communication to a conveyor speed controller.

17. The system of Claim 10, wherein the temperature-sensing device further
comprises a transmitter with signal communication to a heat engine temperature

controller.

18. The system of Claim 10, wherein the temperature-sensing device further

comprises a transmitter with signal communication to a recorder.

19. The system of Claim 10, wherein the heat engine is one of a freezer, oven,

and fryer.

20.  An apparatus for measuring the temperature of workpieces transported on.
a conveyor, comprising:
~ a translatable assembly having a temperatufe-sensing device mounted thereon,
wherein the assembly is configured to actuate towards a workpiece to place the device at
a temperature-sensing location and to travel in the direction of the workpiece for a

suitable time.

21. - The apparatus of Claim 20, wherein the temperature-sensing device
further comprises multiple probes for sensing temperatures on multiple workpiece
locations.

N

22.  The apparatus of Claim 20, wherein the temperature-sensing device

includes a single probe for sensing temperature at one location.

23.  The apparatus of Claim 20, wherein thé translatable assembly further

comprises:
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a first carriage mounted on a first support structure, said carriage -having the
temperature-sensing device mounted - thereon, and said first carriage configured to

translate in first direction.

24, The apparatus of Claim 23, wherein the translatable assembly further
comprises:
a second carriage mounted on a second support structure, said carriage supporting

the first support structure, and said second carriage translatable in a second direction.

25.  The apparatus of Claim 20, wherein the temperature-sensing device

further comprises a transmitter with signal communication to a convey speed control.

26.  The apparatus of Claim 20, wherein the temperature-sensing device
further comprises a transmitter with signal communication to a heat engine temperature

controller.

27.  The apparatus of Claim 20, wherein the temperature-sensing- device

further comprises a transmitter with signal communication to a recorder.

. 28.  Asystem for measuring the temperature of workpieces, comprising:
a conveyor for transporting workpieces; 1
" a heat engine in proximity to the conveyor for processing the workpieces;
a translatable assembly having a temperature-sensing device mounted thereon,
wherein the assembly is configured to travel towards a workpiece to place the device at a
temperamfe-sensing location and to actuate in the direction of the workpiece for a

suitable time.

29.  The'system of Claim 28, wherein the temperature-sensing device further

comprises multiple probes for sensing temperatures on multiple workpiece locations.

30.  The system of Claim 28, wherein the temperature-sensing device includes

a single probe for sensing temperature at one location.

31..  The system of Claim 28, wherein the translatable assembly further

comprises:
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a first carriage mounted on a first support structure, said carriage having the
temperature-sensing device mounted thereon, and said first carriage configured to

translate in a first direction.

32, The system of Claim 31, wherein £he translatable assembly further
comprises: .

.a seéo’nd éarriage mounted on a second support structure, said second cI:arriage
supporting the first support structure, and said second carriage translatable in a second

direction.

33. The éystem of Claim 28, wherein the temperatﬁre-sensing device further

comprises a transmitter with signal communication to a conveyor's speed controller.

34.  The system of Claim 28, wherein the temperature-sensing device further
comprises a transmitter with signal communication to a heat éngine temperature

controller.

35, The system of Claim 28, wherein the temperature-sensing device further

comprises a transmitter with signal communication to a recorder.

36. - The system of Claim 28, wherein the heat engine is one of a freezer, oven,

and fryer.

37.  The system of Claim 28, further comprising a scan structure ahead of the
assembly, said scan structure having signal communication to the assembly for

positioning of the assembly relative to the conveyor.

38. . The system of Claim 28, further comprising a scan structure ahead of the
heat engine, said scan structure having signal communication to a conveyor speed

controller for adjusting the conveyor speed.

39. An apparatus for measuring the temperature of workpieces transported on
a conveyor, comprising: 4
a translatable assembly having a pick-up tool configured to actuate in a repetitive

motion for picking up a workpiece and having a holding and releasing action, and a
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temperature-sensing device in proximity to the pick-up tool configured to measure the
temperature of the workpiece during the holding action; and
a scan structure with signal communication to the assembly for positioning of the

assembly relative to the conveyor, the scan structure located ahead of the assembly.

~40.  The apparatus of Claim 39, wherein the temperature-sensing device
further comprises multiple probes for sensing terﬁperatures on multiple workpiece

locations.

4]1.  The apparatus of Claim 39, wherein the temperature-sensing device

includes a single probe for sensing temperature at a single location.

42.  The apparatus of Claim 39, wherein the pick-up tool has a source of

vacuum for creating the holding action which holds the workpiece to the pick-up tool.

43.  The apparatus of Claim 39, wherein the translatable assembly further
comprises:

a first carriage mounted on a first support structure, said carriage having the
pick-up tool and the temperature-sensing device mounted thereon, and said first carriage

configured to translate in a first direction.

44,  The apparatus of Claim 43, wherein the translatable assembly further
comprises:

a second carriage mounted on a second support structure, séid .second carriage
supporting the first support structure, and said second carriage translatable in a second

direction.

45. The apparatus of Claim 39 wherein the temperature-sensing device further

comprises a transmitter with signal communication to a conveyor speed controller.

46.  The apparatus of Claim 39, wherein the temperature-sensing device
further comprises a transmitter with signal communication to a heat engine temperature

controller.
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47.  The apparatus of Claim 39, wherein the température-sensing device

further comprises a transmitter with signal communication to a recorder.

48. A system for measuring the temperature of workpieces, comprising:

a conveyor for transporting workpieces;

a heat engine in proximity to the conveyor for processing the wérkpieces;

a translatable assembly having a i)ick-up tool configured to actuate in a repetitive
motion for picking up a workpiece and having a holding and releasing action, and a
temperatﬁre-'sensing device in proximity to the pick-up tool configured to measure the
temperature of the workpiece during the holding action, the assembly located in
proximity to the conveyor, the heat engine ahead of the assembly; and
' a scan structure with signal communication to the assembly for positioning of the
assembly relative to the conveyor, the scan structure located in proximity to the conQeyor

.and ahead of the assembly.

49.  The system of Claim 48, wherein the temperature-sensing device further

comprises multiple probes for sensing temperatures on multiple workpiece locations. -

50.  The system of Claim 48, wherein the temperature-sensing device includes

a single probe for sensing temperature at a single location.

51.  The system of Claim 48, wherein the pick-up tool has.a source of vacuum

for creating the holding action which holds the workpiece to the pick-up tool.

52.  The system of Claim 48, wherein the translatable assembly further
comprises:

a first carriage mounted on a first support structure, said carriage having the
pick-up tool and the temperature-sensing device mounted thereon, and said first carriage

configured to translate ina first direction.

53.  The apparatus of Claim 52, wherein the translatable assembly further

comprises:
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a second carriage mounted on a second support structure, said second carriage
supporting the first support structure, and said second carriage translatable in a second

direction.

54.  The system of Claim 52, wherein the temperature-sensing device further

-comprises a transmitter with signal communication to a conveyor speed controller.

55. The system of Claim 52, wherein the temperature-sensing device further
comprises a transmitter with signal communication to a heat engine temperature

controller.

56.  The system of Claim 52, wherein the temperature-sensing device further

comprises a transmitter with signal communication to a recorder.

57. The system of Claim 52, wherein the heat engine is one of a freezer, oven,

~and fryer.

58.  An apparatus for measuring the temperature.of workp‘iec.es transported on
a conveyor, comprising: .

a translatable assembly having a pick-up tool configured to actuate in a repetitive
-motion for picking up a workpiece and having a holding and releasing action, and a
temperature-sensing device in proximity to the pick-up tool; and

a scan structure with signal communication to a conveyor speed controller for

adjusting the conveyor speed.

59.. The apparatus of Claim 58, wherein the temperature-sensing device
further comprises multiple probes for sensing temperatures on multiple workpiece

locations.

60.  The apparatus of Claim 58, wherein the temperature-sensing device

includes a single probe for sensing temperature at a single location.

61.  The apparatus of Claim 58, wherein the pick-up tool has a source of

vacuum for creating the holding action which holds the workpiece to the pick-up tool.
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62.  The apparatus of Claim 58, wherein the translatable assembly further
comprises: '

a first carriage mounted on a first support structure, said carriage having the
pick-up tool é.nd- the temperature-sensing device mounted thereon, and said first carriage

configured to translate in a first direction.

63. . The apparatus of Claim 60, wherein the translatable assembly further ‘
comprises: » ’ ’

a second carriage mounted on a second support structure, said second carriage
supporting the first support structure, and said second carriage translatable in a second

direction.

64.  The apparatus of Claim 58, wherein the temperature-sens'ing device
further comprises a transmitter with signal communication to a conveyor speed

controllgr.

65.  The apparatus of Claim 58, wherein the temperature-sensing device
further comprises a transmitter with signal communication to a heat engine temperature

controller.

66.  The apparatus of Claim 58, wherein the temperature-sensing device

further comprises a transmitter with signal communication to a recorder.

67. A system for measuring the temperature of workpieces, comprising:

a conveyor for transporting workpiecés;

a heat engine in proximity to the conveyor for processing workpieces; |

a translatable assembly having a pick-up tool configured to actuate in a repetitive
motion for picking up a workpiece and having a holding :ind releasing action, and a
temperature-sensing device in proximity to the pick-up tool configured to measure the
temperature of the workpiece during the holding action, the assembly located in
proximity to the conveyor, the heat engine ahead of the assembly; and

" a scan structure with signal communication to a conveyor speed controller, the

scan structure located in proximity to the conveyor and ahead of the heat engine.
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68.  The system of Claim 67, wherein the temperature-sensing device further

comprises multiple probes for sensing temperatures on multiple workpiece locations.

69.  The system of Claim 67, wherein the temperature-sensing device includes

a single probe for sensing temperature at a single location.

70. . The system of Claim 67, wherein the pick-up tool has a source of vacuum

for creating the holding action which holds the workpiece to the pick-up tool.

71.  The system of Claim 67, wherein the translatable assembly further
.comprises: _

a first carriage mounted on a first support structure, said carriage having the
pick-up tool and the temperature-sensing device mouﬁted thereon, and said first carriage

configured to translate in a first direction.

72.  The system of Claim 71, wherein the translatable assembly further
comprises: | ]

a second carriage mounted on a second support structure, said second carriage
suppbrting the first support structure and said second carriage translatable in a second

direction.

- 73. The system of Claim 67, wherein the temperature-sensing device further
comprises a transmitter with signal communication to a heat éngine temperature

controller.

74.  The system of Claim 67, wherein the temperature-sensing device further

comprises a transmitter with signal communication to a recorder.

75. The system of Claim 67, further comprising a second conveyor having a

speed controller with signal communication to the temperature-sensing device.

76.  The system of Claim 67, wherein the heat engine is one of a freezer, oven, .

and fryer.

77. A method for measuring the temperature of workpieces after a heat engine

and being transported on a conveyor, comprising automatically picking up a workpiece
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from the conveyor and measuring the temperature of the workpiece while the workpiece

is automatically picked up from the conveyor.

78.  The method of Claim 77, further comprising adjusting the temperature of a

heat engine to control the temperature of the workpieces.

79.  The method of Claim 77, further comprising adjusting the speed of a

conveyor to control the temperature of the workpieces.

80.  The method of Claim 77, further comprising measunng the temperature of

a plurahty of locations on the workpiece.

81.  The method of Claim 80, further comprising taking the high, low and the
averagé of the temperatures from the measurements and using at least one of the high,

low and average values as input to a controller.

82.  The method of Claim 80, further comprlsmﬂ measuring the temperature of

-an irregularly shaped workplece

83.  The method of Claim 77, further comprising measuring the témperature at

a single location on the workpiece.

84.  The method of Claim 83, further comprising measuring the temperature of

a workpiece having a substantially constant thickness.

85. A method for measuring the temperature of workpieces after a heat engine
and being transported on a conveyor, comprising:
automatically measuring the temperature of a workpiece as the workpiece travels

'~ 0on a conveyor.

86.  The method of Claim 85, further comprising adjusting the temperature ofa

heat engine to control the temperature of the workpiece.

87.  The method of Claim 85, further comprising adjusting the speed of a

conveyor to control the temperature of the workpieces.
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88.  The method of Claim 85, further comprising measuring the temperature of

multiple locations on the workpiece. -

89.  The method of Claim 88, further comprising taking the high, low, and the
average of the temperatures from the plurality of measurements and using at least one of

the high, low, and average values as input to a controller.

50. The rﬁethod of Claim 88, further comprising measuring the temperature of

an irregularly shaped workpiece.

91.  The method of Claim 85, furthver comprising meésuring the temperature at

a single location on the workpiece.

92. . The method of Claim 91, further comprising measuring the temperature of

a workpiece having a substantially constant thickness.

93.  The method of Claim 85, further comprising:
scanning workpieces to determine the largest one in a population and measuring

the temperature of the largest workpiece in the population.

" 94, The method of Claim 85, further comprising:
scanning workpieces for overlapping pieces and separating any overlapping

pieces ahead of the heat engine.

95. A method for measuring the temperature 6f workpieces after a heat engine
_and being transported on a conveyor, comprising:

scanning a population of workpieces to determine overlapbing pieces and
separating the pieces prior to entering a heat engine; and

automatically picking up a workpiece from the conveyor and measuring the

terperature of the workpiece.

96.  The method of Claim 95, further comprising adjusting the temperature of a

heat engine to control the temperature of the workpieces.

97.  The method of Claim 95, further comprising adjusting the speed of a

conveyor to control the temperature of the workpieces.
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98.  The method of Claim 95, further conipn'sing adjusting the speed of a

conveyor to separate an overlapping workpiece.

99.  The method of Claim 95, further comprising measuring the tempcraturé of

multiple locations on the workpiece.

100. The method of Claim 99, further comprising taking the high, low, and
average of the temperatures from the measurements and using at least one of the high,

low, and average values as input to a controller.

101. "The method of Claim 99, further comprising measuring the terﬁperature of

an irregularly shaped workpiece.

102.  The method of Claim 95, further comprising measuring the temperature at

a single location on the workpiece.

103.  The method of Claim 102, further comprising measuring the temperature

of a workpiece having a substantially constant thickness.

104. A method for measuring the temperature of wofkpieces transported on a
conveyor, comprising; | . ' |

scanning a population of workpieces to determine the largest of the workpieces in
the population, and ‘ '

automatically picking up the largest of the workpieces from the population and

measuring the temperature of the workpiece.

105.  The method of Claim 104, further comprising adjusting the temperature of

a heat engine to control the temperature of the workpieces.

106.  The method of Claim 104, further comprising adjusting the speed of a

conveyor to control the temperature of the workpieces.

107.  The method of Claim 104, further comprising measuring the temperature

of multiple locations on the workpiece.
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'108.  The method of Claim 107, further comprising taking the high, low, and the
average of the temperatures from the measurements and using at least one of the high,

low, and average values as input to a controller.

109. The method of Claim 107, further comprising measuring the temperature

of an irregularly shaped workpiece.

110.  The method of Claim 104, further comprising rﬁeasuring the temperature

at a single location on the workpiece.

111.  The method of Claim 110, further comprising measuring the temperature

of a workpiece having a substantially constant thickness.

112. An apparatus for measuring the temperature of workpieces
substantially as hereinbefore described with reference to any one or more of the
accompanying drawings.

113. A system for measuring the temperature of workpieces
substantially as hereinbefore described with reference to any one or more of the
accompanying drawings.

114. A method for measuring the temperature of workpieces having the

steps substantially as hereinbefore described.

FMC Technologies, Inc.

By Freehills Carter Smith Beadle

Registered Patent Attorneys for the Application
12 December 2002
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