Office de la Propriete Canadian CA 2089227 C 2003/07/15

Intellectuelle Intellectual Property
du Canada Office (11)(21) 2 089 227
g'rn(c)iL%?r?(iesgaenada ﬁrgijgt?;%/aa;da (12) BREVET CANADIEN
CANADIAN PATENT
13) C
(22) Date de dépot/Filing Date: 1993/02/10 (51) Cl.Int.>/Int.CI.° GO5D 23/19, A47J 27/00
(41) Mise a la disp. pub./Open to Public Insp.: 1993/09/04 (72) Inventeurs/Inventors:
or: _ GRABOWSKI, PAUL P., US;
(45) Date de deéelivrance/lssue Date: 2003/0/7/15 DAN GEORGE. US!
(30) Prioritée/Priority: 1992/03/03 (845,226) US PARKER, ELIZABETH M., US

(73) Proprietaire/Owner:
KRAFT FOODS, INC., US

(74) Agent: MCFADDEN, FINCHAM

(54) Titre : METHODE DE SURVEILLANCE D'UN PROCEDE DE CUISSON EN CONTINU, BASEE SUR LE TEMPS DE
SEJOUR DES PARTICULES, ET APPAREIL CONNEXE

54) Title: METHOD AND APPARATUS FOR MONITORING A CONTINUOUS COOKING PROCESS BASED ON
PARTICULATE RESIDENCE TIME

(57) Abregée/Abstract:

A method and apparatus for monitoring the residence time of food particles in a continuous flow process utilizing simulated food
particles, each including a transponder having a predetermined identifying signal, to be subjected to the process along with the
actual food particles. The method and apparatus relates to a continuous pasta cooking process In which a transponder in a

simulated product emits an identifying signal received at various stations along the process to indicate the time of passage
between the stations.

R N
RO TR S o
N "'c‘-‘-.u:-:{\: . N7
% N [ 1/
S
N

W .
‘ l an a dH http.:vvopic.ge.ca + Ottawa-Hull K1A 0C9 - atp.//cipo.ge.ca OPIC
OPIC - CIPO 191




10

2089227

ABSTRACT OF THE DISCLOSURE

A method and apparatus for monitoring the
residence time of food particles in a continuous flow
process utilizing simulated food particles, each including

a transponder having a predetermined identifying signal, to
be subjected to the process along with the actual food
particles. The method and apparatus relates to a

continuous pasta cooking process in which a transponder in
a simulated product emits an identifying signal received at
various stations along the process to indicate the time of

passage between the stations.
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METHOD AND APPARATUS FOR MONITORING
A _CONTINUOUS COORING PROCESES BASED
ON PARTICULATE RESIDENCE TIME

Background of the Invention
The present invention relates generally to

continuous food procesSing apparatus and more specifically
to monitoring of food processes - and apparatus for
processing particulate food products. '

It has been well known in batch cooking processes

that it is.important to heat food to a certain temperature

level and maintain the food at that temperature level to
eliminate  certain potentially  harmful  bacterial

contamination. After such processing, the food may be
sealed from the atmosphere in a can or jar and preserved at

room temperature for consumption -months after preparation.
As consumer demand for precooked-foods has_increased, the

‘manufacturers of such foods have developed new processes
and packages. Included among these precooked foods are
varlous pasta products which are precooked and packaged in

plastic bags, cups and the llke, with preparation invelving
only heating for a relat'ively short time.' In ordexr to
reduce manufacturlng costs, it has been common to cook such
food.productsrln continuous processes}1n'Wh1ch.thejproducts
are cooked in a contlnuously flowing stream never being

' exposed to the atmosphere between' the cooking and final

sealing into a leak- tight package.
Whlle 1t is relatively easy to operate a batch

process to assure cooklng t:a.mes at particular temperatures,

the task becomes more dlffloult in a oontlnuous process

because of the changing condltlons to which each product is
subjected. One approach has been to overcook all of the
products going through this continuous process in order to

‘guarantee that all processed products recelve the minimum

necessary amount of cooking. This approach 1s con51dered
unsatisfactory since the product is less appeallng to the
consumer and the additional processing adds cost to the
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product. Accordingly, it is often of interest to determine

accurately the residence time of a food product within a

cooking process to ascertain that the product has received

minimum required amount of heat to destroy harmful
5 bacteria.

In the processing of particulate food products
such as pasta, including macaroni, it is often important to
have information on the residence time of the particulate
food products in order to control the process properly.

10 The determination of residence time in processes in which
products are conveyed in a fixed order one after another 1is
relatively simple, being dependent on a conveyor speed oOr
the rate of flow through the process. However, there are
many processes involving flowing streams of particulate

15 products wherein the individual pieces may have different
residence times in the process as a consequence of the
turbulence in the flow or of the variation 1in stream
velocity at one point as compared to another.Such
turbulence and variations in velocity result in some pieces

20 leapfrogging other pieces and moving through the process
much faster than others, producing a wide variation 1in
residence times for pieces moving through the same process.
In such processes involving streams of particulate
products, attemptsihave.been;madetto:measure.residence-time

25 by visually monitoring the passage of identifiable
'specimens mixed in with the particulate products being
processed. This approach is not satisfactory since it is
time consuming and subject to error at best, and is
completely impractical and unusable in many processes. In

30 most cooking processes involving streams of food particles,
it is impossible to make meaningful measurements of
residence times of individual particles based on visual

monitoring.
Another currently used method of measuring

15 residence time is to place magnetized particles 1in the
stream that may be sensed by coils as they pass monitoring
stations. This method provides no means of identifying
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specific samples and leads to possible mistakes due to the
leapfrog effect of the magnetized particles. There are
further problems in providing magnetizable particles to be
monitored.

A third possible method of checking résidence
time 1in a cooling process 1involves introducing into the
process spores of the bacteria which is to be killed in the
cooking process. The output of the process 1s then sampled
and checked to determine.;f the spores have been destroyed.
This approach to verifying the effectiveness of a process
in destroying bacteria is discussed at length in an article
entitled "Safety Considerations 1in Establishing Aseptic
Processes for Low-Acid Foods Containing Particulates"
appearing 1in the March 1989 1issue of Food Technoloqy.
While the use of bacteria spores as discussed 1n this
article is a useful tool in evaluating the effectiveness
and safety of a process, it has many shortcomings and 1is
complicated to implement effectilvely. In addition, 1t
provides no direct measurement of residence time of
particles in the process and how such residence times vary.

In the cooking of pasta for sale as a precooked
food, the pasta 1s typically circulated through a pipe
having a diameter of 2 or 3 inches, with the pasta being
transported in a liquid solution. Heaters are disposed

along the pipe; and after bringing the slurry of the pasta
up to a cooking temperature, it continues to be circulated
through a tortuous conduit where the slurry maintains its
temperature and continues to be cooked. Thereafter, there
are cooling stages in which the temperature of the slurry
is lowered and then the product is inserted into sterilized
packages without ever being exposed to the atmosphere where
it might pick up bacterial contamination. The problem of
measuring the residence time of pasta in such a process 1s
very substantial.

The flow of the pasta through the pipe or conduit
is difficult to predict, varying between so-called "plug
flow",'in which the mass moves at a uniform velocity across
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the diameter of the pipe, and normal liquid flow pattern,
in which the flow at the center is the maximum velocilty
decreasing toward the walls of the pipe where the velocity
is the minimum. It is useful to determine not only the
residence time of the fastest moving food particle in the
process, but also the spread or range of residence times.

‘The fastest or shortest residence time allows one to adapt

the process to provide the minimum acceptable cooking, by

'a combination of time and temperature level, to satisfy the

reqﬁirements’ with respect to elimination of harmful
bacteria. By determining the spread or distribution of
residence times between the shortest residence time and the
longest allows for the evaluation of the process to
consider the amount of over-processing to which the longer
residence food products are subjected.  There are no
methods or apparatus currently available that would provide
residence times on food particles, such as pieces of pasta,
passing through a continuous cooking process as described
above,

‘ The various types of bacteria which the cooking
process “must be designed to kill . are salmonella,
clostridium botulinum and other mesophilic and thermophilic
spore-forming spoilage organisms. The risk from these
harmful bacteria is increased when the precooked foods are
low acid foods such as pasta. The nature of this risk 1is
discussed in the above cited article from Food Technoloqy
as well as an article entitled "Validation of Aseptic
Processing and Packaging" appearing at pages 119-122 in the
December 1990 issue of Food Technology. The article from
the March 1989 issue of Food Technoloqy discusses the
importance of determining residence times in such cooking
processes. The f0110wing statements are quoted from page
119 of the March 1989 article on Safety Considerations In
Establishing Aseptic Processes for Low-Acid Foods
Containing Particulates:

Any process establishment data for particulate
processes must include detailed studies on
particle residence times 1in both the heat
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exchanger (if applicable) and the holding tube of
the commercial system. Tests should be conducted
using the actual food product flowing steadily
through the systen.

' From the foregoing, it is evident that there are
major health and safety risks involved in bacterial
contamination of low acid foods such as pasta that are
cooked in a continuous process, and that accurate
measurement of particle residence times is critically
important to the elimination of such risks.

‘There have been various attempts at measuring
flow velooity of a_stroam'by'sehsing the rate of movement
of an element that has been tagged or marked in some way.
The U.S. Patent to King et al., No. 4,627, 987 teaches the
use of a magnetlc field 1mposed on a flowing material as a

tag to sense the rate of movement of a stream of material.

The U.S. Patent to Lew, No. 4,627,294, shows the use of an

eddy'generator to create a turbulence the progress of which

~is used to measure the velocity of the stream through a

- conduit.

Slmllar approaches for ' measurlng velocity of
fluid flow in pipelines are shown in Metcalf Patent No.
2,631,242, which uses a ,radloactlve isotope as a trace

means, and Klinzing et al. Patsnt No. ‘5 022 274, which

charges partloles in an alr stream and senses the transit

time of the charged partlcles to determine ve1001ty None

of these approaches would be useful to sense the residence
time of individual pieces in a stream of particulate
products. ' ' o

, There are teachings in the prior art as to the
use of transponder sensing means to locate or follow the
progress of articles through a process or along a route of
travel. In this conneotlon; the‘U S. Patents to Hesser No.
4,588,880, Mori No. 3,366,952, and Works No. 3,745,569 are

noted of interest.

| At thé present -time, - Texas Instruments
Incorporated is marketlng a system including minlature
transponders with sensing and readlng means des1gned for
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manufacturing and shipping applications for object
tracking, for security and for animal identification. In
connection  with manufacturing applications, Texas
Instruments suggests that its transponders may be placed on
or within a product, product package or shipping container
to provide data for process automation and statistical
process control.

Many food processes and particularly food cooking
processes are very dependent on the residence time of the
product in each of a number of stages of the process and on
the temperatures to which the product is subjected during
each of these stages of the process. In the cooking of
particulate material being processed in a continuous stream
having turbulent conditions and particles in the stream
moving at different velocities, there is no known method or

apparatus for tracking a number of individual particles to

provide a range of residence times in the various stages of
the process. This lack of means for determining residence
times for the various particles in the stream in various
stages of the process requires that the entire stream be
over-processed to assure that a certain minimum processing
has been achieved for all particles in the stream. If a
more accurate means of measuring the range of resldence
time that would be expected in the various stages of the
process were available, it would be possible to avoid over-
processing and to assure accurate processing in a minimum
amount of time. There are some types of cooking processes

"which require that food be cooked for a certain period of

time at a certain temperature to meet established health
and safety standards in order to destroy harmful bacteria
as discussed above. The cooking time may be shortened to
some extent by increasing the temperature. 1In order to
meet these requirements, the food processor must maintain
records of the operating times and temperatures for the
process and be in a position to show that his process was

operating within the established standards.



10

15

20

25

30

35

2089227

ow ]

Accordingly, 1t 1s an object of the present
invention to provide an improved means for determining
residence time of particulate material in a process
involving a continuous stream of such particulate material.

summary of the Invention

The method and apparatus of the present invention

utilizes a plurality of miniature transponders, each of

which is adapted to simulate a particulate food product to
“be cooked in a continuous stream process. The transponders
‘are housed in an enclosure which is designed so that the

assembly has the same size and density of the product with

which it is processed. The simulated article including the

transponder is subjected to the same processing steps as

the actual articles with ‘which it 1s ~commingled in the
processing'stream. The'transponders are adapted to emit a
coded idehtifying signal which is received by a sensing
system to provide residence time data on each transponder
as it moves through the procese along with the actual
products ~Each simulated product along with its
transponder is subject to the same turbulence and varying

velocity cond:l,.tlons as the actual products. This residence

time data accumulated for a number of simulated articles
may be used tc.prove'that.a process provides the required
cooking for all of the particulate food _producﬁt’s.._ In a
pasta oooking'process, the pleces of pasta must be held at
a temperature of over 250°F for several minutes, depending

| upon ‘the actual temperature, | to kKill any harmful

micrOorganisms. The uncooked pasta is immersed 'in a liquid
stream and pumped through a conduit hav1ng scrape surface

'heaters to raise the temperature of the liquid and pasta to

over 250°F. The liquid stream carrying the pasta is then
paseed through a holdlng sectlon where the pasta continues
to cook at an elevated temperature. Thereafter, the stream
is cooled in a cooling section of conduit and then

.aseptically fllled into hermetlcally sealed packages.

An insertion station is provided to permit easy
insertion of the simulated pasta upstream of the first
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transponder monitoring station. In addition, a transponder trap is
positioned downstream of the holding section to recover the
transponder from the processing stream and to separate the
simulated products from the actual products.

Although the method and apparatus of the present
invention is disclosed as applied to a pasta or macaroni cooking
process, it is also applicable to other continuous processes in
which it is desirable to track individual products which are mixed
together and not moving 1n a fixed order through the process. The
concept of providing a simulated product equipped with a
transponder and subjecting the simulated product to the same
processing steps and random movement with the actual products may
easily be applied to such other continuous processes.

Accordingly, it is a feature of the present invention in
preferred embodiments to provide improved method and apparatus for
measuring the residence time of a product in a continuous process
using a simulated product equipped with a transponder emitting an
identifying signal.

It 1s a further feature of preferred embodiments of the
present invention to provide improved method and apparatus for
tracking a product mixed with a group of products moving in a non-
ordered manner through a process using a simulated product equipped
with a transponder.

It 1s another feature of preferred embodiments of the
present 1invention to provide improved method and apparatus for
determining the residence time of macaroni in a continuous cooking
process using transponders enclosed with similar pieces of

macaronl, the transponders emitting identifying signals.

Brief Description of the Drawings
These and other features and advantages of the invention

will become apparent from the following detailed description taken
in connection with the accompanying drawings in which:
FIG. 1 1s a schematic diagram of a pasta cooking

apparatus embodyling the present invention;
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FIG. 2 1s a sectional view of a simulated food
product utilized in the apparatus of FIG. 1;

FIG. 3 1s a plan view of the transponder
injection portion of the apparatus of FIG. 1;

FIG. 4 1s a sectional view of the transponder
separator or trap as utilized in the apparatus of FIG. 1;
and

FIG. 5 is a plan view of one of the transponder
monitoring stations as utilized in the apparatus of FIG. 1.

Detailed Description of the Preferred Embodiment

In the implementation of the method and apparatus
of the present 1invention, a small sealed
transponder is utilized. As stated above, it is well known
in the art to use transponders to aid in the identification
of products 1n a manufacturing process. Through the use of |
integrated circuit technology, it has been possible to make
small transponders on the order of an 1inch long and .14
inch in diameter including the antenna. Such transponders
are availlable commercially through Texas Instruments
Incorporated and have the capability of producing a radio
frequency signal which is individually coded to provide a
twenty digit identifying number. The transponders have no
internal source of power and are activated by an external
reader which also receives the transponders' signal and
which may then identify the individual transponder and
record the time at which the transponder signal was
received. The transponders and the related identification
and data recording systems are marketed by Texas
Instruments under 1its trademark TIRIS. The U.S. Patent No.
4,992,794 to Brouwers 1s directed to one such transponder.

The preferred method and apparatus of the present
invention 1is described in connection with a process for
cooking macaronil. It should be understood that the
invention has broad application to any continuous
manufacturing processes in which the residence times of
commingled products in a stream are difficult to determine
by known means. In many éontinuous cooking processes, the
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process in a stream enclosed by the processing equipment so
as to make visual observation of items of food in the
process impossible. In any of those cooking processes 1in
which it is necessary to follow the progress of individual
items, the present invention provides important advantages.

Sshown schematically in FIG. 1 is apparatus 11 for
the continuous cooking of pasta and more specifically,
macaroni. As consumer demand has increased for prepared
and precooked foods of all kinds, the marketers of such
foods have had to adapt their prociessing methods to meet
this demand. In addition, to reduce costs and improve
efficiency, it 1s often neces'sary to adopt continuous
processing in place of the batch processing that had been
in more general use. The change to continuous processing
of foods introduces problems relating to the elimination of
harmful bacteria that may be present in many foods. These
vacteria are killed by processing foods at an elevated
temperature for a prescribed period of time.

In batch processing of food, it 1is relatively
easy to provide a cooking method which will achieve these
times and temperatures to kill these bacteria._'However, a
problem with a continuous process relates to the fact that
the temperatures vary at different stages of the process
and it therefore becomes difficult to determine the exact
time the food remains at any of these various temperatures
This problem 13 further complicated in continuous cooking
processes in which the food is in the form of small
particles or pieces that may not all pass through the
process at the same rate as a consequence of the turbulent
and swirling nature of the stream 1in which the products are
transported through the process.

The apparatus 11 1is exemplary of a continuous
cooking process in which food particles such as macaroni
are cooked in a flowing stream. The stream comprises a
slurry of macaroni in a liquid solution which flows through
the apparatus 11 beginning at a pump 13 where the macaroni
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and liquild solution are fed into a hopper from which the
pump draws, forcing the stream into the end of an elongated
pipe 15. The pump 13 maintains a pressure of 40 to 60 psi
within the pipe 15 to move the liquid slurry through the
pipe. The size of the pipe is determined by the production
volume but would normally be two to three 1inches 1in
diameter, and extends through a multi-stage cooking portion
17, an elongated holding portion 19 and a cooling portion
21.

In order to monitor the progress of macaroni
passing through the apparatus 11, there 1s provided a
simulated product 23 which consists of a sealed transponder
25 enclosed within a housing 27. The housing 27 comprises
a 3/8 inch wooden dowel which has an internal passageway
27a drilled therein to receive the transponder 25. The
transponder extends slightly from the passageway 27a and a
high temperature sealant 1is applied at 27b to restrict
liquid from entering the passageway 27a. The purpose of
the housing 27 1is to provide an enclosufe for the
transponder 25, which results in the combination of the
hOUSing 27 and transponder 25 having a size and density
which corresponds closely to the size and density of the
product involved in the process, in thlis case, a piece of
macaroni. Macaroni, when placed in the liquid solution in
which it is processed has a neutral buoyancy tending to
float partially submerged. By selecting an enclosure or
housing material for the transponder 25 which has a
positive buoyancy, the assembly of the two in the simulated
product may be designed to have the desired neutral
buovyancy.

It has been found that a piece of 3/8 inch wood
dowel supplies the necessary buoyancy so that the assembly
is neutrally buoyant with respect to the processing liquid
solution. The housing 27 is painted so that the wood does
not absorb the liquid solution in which it is to be
placed. The housing 27 could also be formed of a suitable
plastic either of low density or having suitable flotation,
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cavities formed in the walls thereof to achieve the desired
buoyancy effect.
nefore the manner in which the simulated products

are introduced into the process and monitored 1is discussed,
the conventional elements of the processing apparatus will
he described. The first such processing element downstream
of the pump 13 is the cooking portion 17 which includes two
scraped surface heaters 29 and 31 shown schematically in
FIG. 1. The scraped surface heaters are avallable
commercially through suppliers of food processing equipment
and comprise a heated tube through which the stream of
macaroni in the 1liquid solution passes. The stream of
macaroni is contained in an inner tube surrounded by a
second tube enclosing a heated fluid. Mounted coaxially
within the inner +tube is a rotating scraper which
continuously scrapes the wall of the inner tube and thus
moves the macaroni away from the heat exchange surface.
This scraping action prevents'the product from sticking or
adhering to the heat exchange surface on the inner tube.
The heaters 29 and 31 raise the temperature of the product
stream in two stages from 70°F to about 210°F and then to
270°F. ' - ’ '

The product stream enters the holding portlon 19
after leaving the heater 31. The holding portion 19
comprises an elongated pipe which 1s designed to maintain
the moving product stream at an elevated temperature during
a time necessary to complete the cooking of the macaronl.
The temperature of the product stream drops slightly during
the period in the holding portion 19 with the temberature
being about 265 F on leaving the holding portlon°

Upon leaving the helding portion 19, the product

stream passes into the coollng portion 21 which includes

two scraped surface coolers 33 and 35. The scraped surface
coolers are similar in construction to the heaters 29 and
31 but have a cooling medium passing around the inner

product containing tube rather than the heating medlum oY
fluid used in heaters 29 and 31. At the output of the
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second cooler 35, the temperature of the product stream is
on the order of 80°F.

Following the cooling portion 21, there is
prova.ded a pump 36 which provides a back pressure to
maintain the pressure created by pump 13 to force the
slurry through the pipe 15. The pump 36 is conventional in
its form and operation in maintaining the back pressure on
the system. .

After being cooled, the macaroni is then placed
in sterilized containers while preventing exposure to the
atmosphere. . The foregoing ' process has the capacity to
produce a product in which all harmful bacteria have been
eliminated and which, as a consequence, may be stored at
room temperature without spoilage for a substantial period
of time. If this objective is to be achieved, however, the
process must be set up so that the fastest particle of food
moving through the apparatus will receive the minimum
required cooking to kiil the harmful bacteria. In this. and
other processes in which the products are mixed and not
processed in order; lt is extremely dlfflcultrto obtain any
accurate picture of the res:.dence times of the products
within the process as well as an estimate of the range of
residence times. |

The simulated product 23 described above 1n
connection with FIG. 2 represents a product created to
match closely the appearance and densmty of an actual piece
of macaronl. There are instances in which the simulated
product may be altered from the actual product to provide
residence times of a select class of the group of products
being processed. For example‘, . the"simulated‘ product may be
altered so as to move with the fastest traveling product.
Tests have been run with a simulated ‘product in the

apparatus 11 , in which buoyandy means was applied only to
one end of the transponder 25 so that it would float with

one end up and one down. With this configuration <the

simulated product tended to move with the fastest part of
the product stream producing useful but less representative
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residence time data, since actual products may not remain
in the fastest moving part of the stream throughout the
process.

In the method and apparatus of the present
invention, the simulated product 23 including the
transponder 25 provide the means of tracking individual
products or, more accurately, simulated products through
the process. By processing a sufficient number of the
simulated products and monitoring the times for the various
stages, one may determine the variation in residence times
to permit establishing an accurate estimate of the fastest

time through the process.
To permit insertion of the simulated products 23

downstream of the pump 13 to avoid damage by the pump,
there is provided an injection station 37 shown best 1in

FIG. 3. Included in the injection station 37 is a valve 39

in the pipe 15, which valve is intended to divert flow of
the product stream into a bypass leg 41. The bypass leg 41
is connected to pipe 15 upstream and downstream of the
valve 39. Flow through the prass leg 41 is controlled by
valves 43 and 45 which are located adjacent to the
connection between the bypass leg 41 and the pipe 15. In
the mid-point of the bypass leg 41,'there is provided an
injection port 47 which is closed by a valve 49.

In order to commence the insertion of simulated
products 23 1into the product stream, the valves 39, 43, 45
and 47 are positioned as shown in FIG. 3 so that the
simulated products 23 may be inserted as shown 1nto the
bypass leg 41 through the port 47. After the simulated
products have been sO inserted, the valve 43 is closed and
+he valves 43 and 45 are opened. when the valve 39 1s
closed, the product stream is diverted through the bypass
41, thus introducing the simulated products 23 1into the
product stream. valves 43 and 45 are then closed and valve
39 is reopened to return flow of the product stream to the
pipe 15 rather than through the bypass 41. The opening and
closing of the valves 39, 43 4% and 49 can be done by
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automatic controls to minimize the interval of disruption
of normal flow through the pipe 15.

The monitoring of the progress of the simulated
products 23 through the apparatus 11 requires monitoring
stations along the pipe 15 to sense the passage of each
individual simulated product 23. As shown in FIG. 1, there
are four monitoring stations 51, 53, 55 and 57 which are
located prior to the heater 29, between the heaters 29 and
31, upstream of the holding portion 19, and downstream of
the holding portion 19, respectively. Although most of the
cooking of*the'product is accomplished during the period in
the holding portion 19, between monitoring stations 55 and
57, there is cooking performed within the heaters 29 and
31, and monitoring the residence times therein is useful 1in
an analysis of the proceSs; '

Since the pipe 15 is conventionally formed of
stainless steel or other metal which would block radio
frequency signals»tO»and frombthe'transponders 25, the pilpe
15 is formed with a window portlon 59 which may be formed
of glass or a heat re51stant relnforced plastic and Wthh
is a cylindrical section connected into the pipe 15, as
shown in FIG. 5. If the window portion 59 is to be made of
plastic, it would preferably have a Teflon inner portion
surrounded by a high 'tempera'ture plastic to support the
inner portion. Positioned on opposite sides of the window

 portion 59 are a pair of antennas 61 which are connected TO

communication modules 63. The two diametrically spaced
antennas 61 are used at each station in order to guarantee
good transm1551on between the communication modules and the
transponders 25. Regardless of where the simulated product

23 and 1ts transponder 25 are wlth:l.n the product stream

when it passes the monitoring station, there will be an
antenna within about 4 inches of the transponder 25. As
each transponder paC;Ses a monitoring station, a radio
signal from the two antennas causes the transponder to

transmit its identifying signal which is picked up by the
antennas 61 and -comunlcatlon modules 63. The time that
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each individual simulated product passes each monitoring
station is then recorded in a computer 65, providing the
data for computing the residence time of the various
simulated products for the travel between the various
monitoring stations.

In running a test to establish residence time
data for the apparatus 11, a plurality of simulated
products 23, on the order of 15 to 20, are inserted into
the prbduct stream at the injection station 37 by
introducing them into the port 47 through the open valve
49. Valve 49 is then closed and then valves 43 and 45 are
opened and valve 39 closed to propel the simulated products
>3 into the product stream 1in the pipe 15. All of the
transponders from the inserted simulated articles are
immediately sensed as they arrive at monitoring station 51,
providing data to the computer 65 as to the starting time
of each individual transponder through the apparatus 1l.
Thereafter, similar time data will be recorded for each
transponder as it arrives at the respective monitoring
stations 53, 55 and 57. The data obtained on the plurality
of transponders 25 wi.’ll indicate the variations in the
residence time through the various stages of the process
and through the process as a whole. This data will then
prévide the necessary evidence to show whether or not the
process is operating in a manner that will destroy harmful
bacterla within the macaroni. It will also allow the
process to be fine tuned to eliminate any unnecessary
overcooking of the macaroni that might otherwise be
required to assure that the cooking had been sufficient to
destroy harmful bacteria. It is then p0351ble to increase
or decrease the speed of the product stream to obtain the
appropriate residence time to assure that all of the
harmful bacteria will be destroyed with a minimum amount of
overcooking.

At the end of the cooking process and before the
cooling of the product stream, the simulated products 23

are separated and removed from the product stream by a
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separator 67 which 1is a magnetic trap. Such traps are
commercially available through Cesco of Rohnert Park,
california, being sold Under the trademark REMAGTRAP. As
shown in FIG. 4, the separator 67 is mounted in the pipe
15, and includes a housing portion 67a with a sealed
removable wall 67b which forms a closure for the cavity
67C. Externally of the cavity 67c, there is mounted a
permanent magnet 67d which magnetizes a plurality of
ferromagnetic fingers 67e that extend into the product
stream passing through pipe 15. As the product streanm

. passes through the separator 67, the simulated products 23

are attracted to the magnetized fingers 67e and are
retained in the separator 67. The simulated products 23
have a tendency to move downwardly in the cavity 67c.
When the process 1is shut down, the removable wall 67b may
be disassembled from the housing portion 67a to recover the
simulated products 23. ' '

While the dlsclosed embodlment is directed to a

simulated ar‘tlcle 23 whlch ies structured to resemble a

piece of macaroni in density, <shape and flow
characteristics for use in measuring residence time in a

macaroni cooking proceSS, it should be understood that the

process involving products which are commingled and not
processed in order, it may be necessary to perlodlcally
identify individual products on the basis of time and
1ocation. Where because of numbers OT other aspects of the
process, the location and 1dent1flcatlon of the individual
products passing through the process cannot be accomplished
visually, the present invention using a transponder
equipped simulated product provides a unlque solution.

The present invention has a number of significant
advantages over any residence time measuring approaches
currently available. First, it allows the tracking and
monitoring of a plimality of individually identifiable
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samples passing through the process at substantially the
same time. Even if the order of the samples changes as
they pass through the process, the unicque signal associlated
with each transponder provides the information to
accurately establish the residence time of each sample.
This capacity to measure residence times for a group of
samples passing through the  process substantially

'~ concurrently provides data which is statistically more

valid and.useful, since it simulates what really happened
in the process with respect to residence time variations.

The risks involved in the proper control of
aseptic processes for low-acid foods to avoid bacterial
contamination are well known, as is the importance in
measuring accurately reSJ.dence tlmes to properly control
such processes. There 1s a vital need in the processing of
such low-acid foods to ‘have an inexpensive and
statistically accurate means for determining end
continuously monitoring residence times in such processes.

Even though the primary importance of accurate

residence time determination 1s the production of a

'bacterlawfree product the gquality of the process can also

be malntalned at a hlgher level through accurate residence

time measurements. - By maklng it possxble to control the

process accurately, any bacteria may be destroyed without
resortlng to overproce331ng or overcooking of the product.
This more precise control of the process results 1in a
better food product. Accordingly, the present invention

provides means for controlling the aseptic processing of

‘low-acid foods to produce higher quality, bacterial-free

food products.
While a preferred embodlment of the invention has

been shown and described, it will be understood that there
is no 1ntent to limit the invention by such disclosure, but
rather 1t is intended to cover all modlflcatlons and
alternative methods falling within the spirit and scope of
the invention as defined in the appended claims. '
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE
PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

1. Apparatus for monitoring a continuous process in
which articles are transported in a stream 1in which the
articles are moving at wvarious velocities 1in changeable
sequence and the processing of the articles 1s dependent on
residence time comprising:

an elongated conduit within which articles are
transported 1n a stream with said articles moving at different
relative velocities and in different sequences with respect to
one another;

said articles being processed within said conduit;

a plurality of simulated articles which resemble said
articles and each of which 1s equipped with a transponder:;

sald transponder beling responsive to an external
signal to produce an identifying signal;

means for inserting said simulated articles into said
conduit to comingle said simulated articles with articles being
processed in said stream;

monitoring stations downstream of said means for
inserting;

each sald monitoring station including signal
generating means to generate said external signal to activate
sald transponders and signal receiving means to record each
predetermined transponder identifying signal;

said monitoring stations being located along said
conduit at spaced positions between which the residence times
of said articles are to be measured; and

timing means connected to said monitoring stations

providing a residence time for each simulated article passing

sald monitoring stations.

2. Apparatus for monitoring a continuous production

process 1n accordance with claim 1, wherein each said
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transponder generates a different coded signal which
distinguishes it from the other transponders for the purpose
of providing each monitoring station with a time of arrival of
a specific transponder to provide the timing means with the
data to compute the transit time for each simulated article

between the monitoring stations.

3. Apparatus for monitoring a continuous production
process in accordance with claim 1 or 2, wherein said means for
inserting salid simulated articles 1includes a plurality of
valves selectively operable to transfer a simulated article
into said conduit which 1is pressurized tco cause salid stream of

sald articles to move through said conduit.

4, Apparatus for monitoring a continuous production
process in accordance with any one of claims 1 to 3, including
means for separating said simulated articles from said articles
being processed downstream of said monitoring stations, said
means for separating including magnetic means to withdraw said

simulated articles from said stream.

S. Apparatus for monitoring a continuous production
process 1n accordance with any one of claims 1 to 4, wherein
sald articles and simulated articles are transported by a fluid
and each sald simulated article has the same density as each
sald article being processed and whereby said simulated
articles have a neutral buoyancy with respect to said fluid

stream.

6. A process for monitoring a stream of particles
which comprise a mass of particles moving at various velocities
in a changeable sequence comprising the steps of:

providing multiple simulated particles each having
an implanted miniature transponder and each having physical

characteristics similar to actual particles being processed so
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that the simulated particles will replicate the movement of the
actual particles in moving through the process;

each transponder sending a predetermined identifying
signal when activated by a radiated signal;

inserting said simulated particles into a stream of
actual particles being processed and subjecting said simulated
particles to the same processing as sald actual particles;

monitoring the time of passage of said simulated
particles between two locations in said process by obtaining

data on each individual simulated particle at each location.

7. A process for monitoring a stream of particles in
accordance with claim 6, whereln said monitoring includes
radiating a signal at each of sald two locations and recording
each transponder predetermined identifying signal and time of
receipt at each of said two locations to determine the transit
time of each simulated particle in passing between said two

locations.

8. A process for monitoring a stream of particles in
accordance with claim 6 or 7, including the step of separating
the simulated particles from the actual particles at a location

downstream of said two locations.

9. A process for monitoring a stream of particles in
accordance with claim 8, wherein said separating the simulated
particles from the actual particles includes providing a
magnetic means for withdrawing said simulated particles from

sald stream.
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