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(57) ABSTRACT 

Apparatus and methods for popping popcorn comprise a 
heated kettle Which is controlled and monitored according to 
the temperature of the kettle. The kettle is initially heated to 
a start cook temperature and a buZZer and light alert an 
operator to add uncooked popcorn and oil to the kettle Which 
loWers the temperature of the kettle beloW a predetermined 
start temperature and initiates a cooking cycle. An oil pump 
system is enabled at the initiation of the cooking cycle for 
adding oil to the kettle. As the popcorn and oil cook, the 
kettle temperature increases and passes through a predeter 
mined dump temperature and the kettle automatically tilts 
and dumps the cooked popcorn. After the dump, the kettle 
temperature increases to the start cook temperature again 
and the buZZer and light are activated to alert the operator to 
add another batch of ingredients for consecutive batches of 
popcorn. 
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CONTROL METHODS FOR POPPING POPCORN 

RELATED APPLICATIONS AND PRIORITY 

[0001] This application is a continuation in part applica 
tion of US. patent application Ser. No. 09/212,667, ?led 
Dec. 16, 1998, entitled “Apparatus for Popping Popcorn,” 
Which application in turn is a divisional application of Ser. 
No. 08/910,756, ?led Aug. 13, 1997, and entitled “Method 
for Popping Popcorn,” now US. Pat. No. 5,871,792, Which 
application in turn is a divisional application of application 
Ser. No. 08/633,580, ?led Apr. 17, 1996, and entitled d 
“Automatic Popcorn Popper With Thermal Controller,” now 
US. Pat. No. 5,743,172, Which application, in turn, is a 
continuation-in-part application of application Ser. No. 
08/345,303, ?led Nov. 28, 1994, and entitled “Automated 
Corn Popper,” now US. Pat. No. 5,694,830, Which appli 
cations and issued patents are incorporated herein by refer 
ence in their entirety. 

FIELD OF THE INVENTION 

[0002] This invention relates generally to popcorn poppers 
and more speci?cally to a automatic or manual popcorn 
poppers Which produce popcorn in consecutive batches 
While reducing the amount of attention required from an 
operator and While producing a consistently high quality of 
popped corn. This invention also relates to an improved 
method for popping popcorn. 

BACKGROUND OF THE INVENTION 

[0003] Popcorn is mass-produced for sale at movies and 
other events in commercial popcorn poppers Which include 
an enclosed, transparent cabinet containing a tiltable kettle 
suspended above a catch area or platform. The kettle is 
heated and uncooked popcorn kernels are placed therein to 
be cooked and popped. Once the kernels are popped, the 
kettle is manually tilted and the popcorn spills onto the 
platform to be scooped up, packaged and sold to customers. 

[0004] Conventionally, commercial popcorn poppers have 
been manually operated and have required an operator’s 
constant attention for cooking the kernels and subsequently 
dumping the popped popcorn. For example, an operator 
Would load the kettle With popping oil and unpopped corn 
kernels and then listen and Watch for the unpopped corn to 
pop. When the operator decided, someWhat arbitrarily, that 
the corn Was sufficiently popped, they Would then dump the 
kettle and spill the popcorn onto the serving platform. 
Additional oil and corn Would then be added for the next 
batch. While such conventional popcorn poppers are gener 
ally effective in mass-producing popcorn; the constant atten 
tion they require prevents the operator from other important 
tasks, such as selling the popcorn and other concession 
products, taking money and generally servicing customers. 

[0005] As may be appreciated, the multiple duties 
entrusted concessionaire operators are not conducive to 
having them constantly monitor a popcorn popper. If atten 
tion is diverted for an extended length of time, the popcorn 
is susceptible to being burned or overcooked. In addition to 
the Waste of burned popcorn, the aroma of the burned 
popcorn is not attractive to customers and may actually 
discourage purchases . Furthermore, if the operator inad 
vertently dumps the burned corn onto the platform, it Will 
contaminate the usable popcorn Which has already been 
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produced and may render the entire batch inedible and thus 
unusable. Still further, the results and mess from burned 
popcorn is not easy to clean. The kettle is hot and must be 
alloWed to cool before the burned popcorn is removed and 
the kettle placed back in service. 

[0006] Additionally, the arbitrary nature of the dumping 
process With conventional poppers makes them subject to 
messes associated With premature dumping. For example, if 
the operator mistakenly believes that the corn has been 
completely popped and the oil used When indeed uncooked 
corn and oil remains in the kettle, tilting the kettle Will spill 
oil onto the serving platform and possibly onto the counter. 
Such spills ruin and Waste popcorn and create a mess Which 
must be cleaned, adding to the already numerous tasks of a 
concessionaire. 

[0007] Still further, too much oil may be added for a 
particular cooking cycle, and even if the cooking cycle is 
completed, excess oil might be left, again resulting in a mess 
upon dumping of the batch. For example, one operator may 
load the uncooked corn and oil for a batch, and another 
operator may subsequently and inadvertently load more oil, 
beli ving it had not been added. The excess oil does not burn 
off or cook and remains in the kettle. Not only is a mess 
created upon dumping, but the excess oil may also foul the 
batch of popcorn. 

[0008] Another draWback of conventional popcorn pop 
pers is the inherent delays Which Will occur betWeen cooked 
batches of popcorn. When the popcorn has been cooked and 
dumped, the operator may begin serving it to customers 
Without replenishing the supply of corn and oil and starting 
the next batch. Therefore, the next batch of popcorn Will not 
be produced until the operator consciously sets aside time 
from his other activities to do so. Such delays interrupt 
production rates and introduce inef?ciencies into the opera 
tion Which reduce popcorn sales. 

[0009] It is also desirable to pop popcorn consistently so 
that it produces high quality consistent taste from batch to 
batch. The vagaries of prior systems leave much to chance 
in this regard so that batches of corn are undercooked, 
burned or the like and at the least are inconsistent in taste. 

[0010] Still another but related draWback to conventional 
popping processes or mechanisms is that they sometimes 
provide inconsistent or improper heating of the popcorn so 
that proper expansion of the kernels upon popping is not 
achieved. Particularly, When the heat is too high, the steam 
from the kernel is prematurely forced out and the popped 
kernel is small. If the temperature is too loW, the kernels do 
not experience proper hull expansion and brittleness at 
popping and the popped kernels are small. It Will also be 
appreciated that small popcorn kernels reduce the yield of 
popped popcorn per unit of uncooked kernels, thus reducing 
the ef?ciency of the popping apparatus and raising the cost 
of the operation. 

[0011] While one aspect of the invention herein lends 
itself to reduction of the vagaries of operational and pro 
cessing circumstances as noted above, it is also noted that it 
is important for an operator to tend to the process at speci?c 
times, yet remaining free to handle other chores While the 
popping process is processing. For example, in many pop 
ping systems, it is desirable and even necessary for an 
operator to tend to loading the kettle With corn and oil for 
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popping at an appropriate time in the cycle. It is also 
desirable for an operator to monitor or to cause dumping of 
popped corn from the kettle at a particular time to keep it 
from burning. Yet it is also desirable both that the popping 
process does not fully engage the operator doing the Whole 
process and that his attention to the process is positively 
obtained at such times as loading and dumping. 

[0012] In another aspect of the invention, it is recogniZed 
that in the past, various improvements in popcorn have been 
made by popcorn producers in the science and technology of 
the corn. These have resulted in improved taste, improved 
kernel expansion rates and more complete popping. 
Improvement in the popping machines or equipment to 
produce better popped products have not generally kept pace 
With the improvements in the corn. While there have been 
certain improvements in poppers directed to better popped 
corn products, such as in US. Pat. Nos. 5,743,172; 5,694, 
830 and 5,871,792, for example, there is still room for 
further equipment and process improvement to improve the 
?nal popcorn product. 

[0013] In particular and as referred to above, it should be 
appreciated that popped popcorn should not be cheWy, 
should have a high expansion ratio from the unpopped 
kernel, and should have about 12% to about 13% of the 
moisture of the raW, unpopped kernel. Popcorn meeting 
these parameters is highly desirable from a taste standpoint. 
Despite improvements in the corn kernels, hoWever, these 
?nal desirable parameters require improvements in popping 
technology for consistency. 

[0014] For example, if the moisture content of the kernel 
is reduced too fast in the popping process, the kernel pops 
prematurely, resulting in a small product. On the other hand, 
if the moisture content of the kernel is reduced too sloWly, 
the hull ?rst cracks, moisture leaks and the poWer of the 
remaining moisture is not suf?cient to produce the desired 
expansion of the kernel for the ?nal product. Thus the rate 
of application of heat to the corn is a factor in producing the 
most desirable popcorn. 

[0015] In a typical popper, a covered heated popping kettle 
is generally used. Heating elements are usually mounted on 
the underside of the kettle and are controlled by a mechani 
cal thermometer betWeen on/off status to heat and pop the 
corn therein. In one instance, a thermocouple has been used. 
The elements are disposed on a heat dissipation plate or 
surface on the kettle bottom and have suf?cient output to 
heat the kettle to a level in excess of the ultimate temperature 
desired after popcorn kernels and oil are loaded (Which 
reduces kettle temperature from a control or preset tempera 
ture). The elements produce such excess heat in order to 
ensure that the appropriate popping temperature can be 
reached is a desired time period. 

[0016] In other Words, When relatively colder corn and oil 
are added to a heated kettle, the temperature drops, then 
climbs back to a desired temperature so that the kernels are 
exposed to a quantum of heat during a period necessary for 
popping. If the elements Were not so poWerful, the desired 
heat may eventually be attained but this could require an 
excessive duration of cooking time. 

[0017] The graph in FIG. 8 of US. Pat. No. 5,871,792 
demonstrates such a popping cycle. From a cold start With 
the kettle at an ambient temperature, the heating elements 
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are turned on to Warm the kettle. Its temperature rises to an 
“overshoot” level above a “control” level of about 525° F. 
The heating elements are then cycled on and off upon 
sensing by a mechanical thermometer so that kettle tem 
perature cycles above and beloW the control temperature. 

[0018] When the unpopped kernels and oil are loaded into 
the kettle, they are at ambient temperatures, much cooler 
than the kettle’s control temperature, and act as a heat sink, 
thus reducing the kettle temperature, such as shoWn in the 
graph, doWn to about 325°, for example . The mechanical 
thermometer, for example, eventually sensing this drop, 
causes the heating elements to energiZe to raise the kettle 
temperature back up toWard a temperature Where the corn is 
considered to have been popped and can be dumped. 

[0019] There are several areas in Which this process could 
stand further improvement as Will noW be discussed. 

[0020] Applicant has determined that an ideal cooking 
time of from about 3.0 minutes to about 3.5 minutes is 
preferred in order to produce the best tasting popcorn With 
the highest expansion ratio (largest siZe). Achievement of 
this ideal process requires close control of the heat energy of 
the kettle. If the initial heat energy of the kettle (i.e. 
considering kettle temperature and kettle mass) and/or the 
ability to recover after the corn and oil is loaded (i.e. 
considering temperature, mass and available Wattage of 
heating elements) is too loW or too high, the cooking cycle 
Will be too sloW or too fast respectively. When the cooking 
cycle is too sloW or too fast, the popcorn Will be too small, 
cheWy and Will have too many unpopped kernels. 

[0021] Moreover, When the popping is ?rst heated from a 
“cold start”, on initial turn on, its temperature rise may be 
rapid, causing it to overshoot and reaching a higher tem 
perature than initially desired. While controllers such as that 
disclosed in the aforementioned patents cited herein are 
useful in eliminating excessive overshoot in subsequent 
cycles, they have not been so advantageous for the initial 
cold start cycle or the ?rst several popping cycles thereafter 
before the cooking system reaches a heating equilibrium. 
This can cause undesirable taste and quality variations in the 
initial popped corn batches. 

[0022] In order to fully understand the cooking process 
and as background for the invention herein, it is helpful to 
articulate certain de?nitions, functions and structure of pop 
corn poppers. Generally, the kettle is as explained above and 
includes a covered heated kettle provided With heating 
elements for heating a heat dissipation plate or surface on the 
kettle bottom, and thus the kettle. 

[0023] Based on the kettle construction, its mass, the 
materials of the kettle, etc. the poWer of the heat elements 
(Watts) are determined to permit the kettle to recover from 
the temperature drop resulting from loading of the corn and 
oil. Then, one of the signi?cant remaining variables is the 
temperature of the kettle, Which determines the initial heat 
energy of the kettle. Thus, the “control temperature” (Tcon 
trol) means a preselected temperature of the cooking or 
popping surface of the kettle, Which the controlling method 
or apparatus alloWs the kettle to approach before it is shut off 
in the ?rst cycle from a cold start. The “load temperature” 
(Tload) means the preferred temperature of the cook or 
popping surface of the kettle at the time When corn kernels 
and oil is loaded into the kettle before the temperature drop. 
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The “dump temperature” (Tdump) means the predetermined 
temperature of the cook or popping surface of the kettle 
When the corn has popped and the kettle is ready for 
dumping the popped corn. Typically in current poppers, 
Tload is greater than Tdump by a small percentage. 

[0024] According to the invention, applicant has deter 
mined it is desired to produce enough heat in the corn to 
cause it to be popped When the kettle reaches a predeter 
mined ump temperature at about 3.0 to 3.5 minutes after the 
kettle is loaded. Thus, according to the invention, the kettle 
should be controlled in each cycl such that a predet rmined 
Tdump is reached Within the ideal cycle time of about 3.0 
minutes to about 3.5 minutes from the loading of kernels and 
oil to dumping of popped corn. This appears to produce the 
most consistently high quality, good tasting popcorn, the 
process of the invention disclosed herein is directed to 
reaching a predetermined and constant Tdump temperature 
for all situations. The potential variations of cooking time 
based on varying Tload temperature points are shoWn in the 
folloWing graphs. These shoW the relationship of varied 
Tload temperatures and the initial heat energy of the kettle 
to the popping cycle in time. 

[0025] FIG. 9 illustrates a situation Where Tload is equal 
to Tdump. FIG. 10 illustrates a situation Where Tload is 
greater than Tdump. FIG. 11 illustrates a situation Where 
Tload is less than Tdump. 

[0026] From these graphical illustrations, the folloWing 
observations can be made: 

[0027] First, the overall slopes of the curves are similar, 
just shifted up or doWn. This is because all three graphs 
assume the same heating elements and Wattage, and the 
same kettle construction and mass. 

[0028] Secondly, the popcorn has completed popping at 
the same Tdump temperature, independent of the Tload 
temperature of the kettle When the corn is loaded. This 
observation Will be described later as one of the important 
concepts contemplated by the invention. 

[0029] Thirdly, the loading of corn and oil at different 
Tload temperature eXtend or shorten respectively the dura 
tion of the cycle until reaching Tdump. This inconsistency of 
Tload most frequently occurs betWeen the ?rst or cold start 
cycle and the subsequent cycles. If kernels and oil are added 
at that time, ie a high Tload temperature, then the cycle 
time or duration may be too short. If the kernels and oil are 
added at a loWer Tload temperature, too much before 
Tcontrol is reached, then the cycle time is eXtended beyond 
that time duration desired. 

[0030] It Will also be appreciated that varying “lag” factors 
are inherent in prior poppers, and that these lag factors 
prevent the close control of kettle energy noW desired and 
Which is provided by the invention herein. 

[0031] Thus, if the Tcontrol temperature and the Tload 
temperature are maintained as closely as possible according 
to the invention, then the cycle duration can be more closely 
or accurately produced Within the desired cycle time of 
about 3.0 to about 3.5 minutes. 

[0032] Given the importance of keeping the Tload tem 
perature substantially equal or as close to the Tdump tem 
perature as possible for the best quality popcorn according 
to this invention, the challenge is to minimiZe the normal 
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differences betWeen heat energy imparted to the corn for the 
?rst cold start cycle and for the subsequent cycles. The 
differences can occur due to at least the folloWing circum 
stances: 

[0033] a. The point Where the temperature sensor is 
located is separated from the cooking surface. This is 
related to the mass of the materials betWeen the 
temperature sensor located on one hand and the 
cooking surface. The effect is a time and temperature 
lag betWeen What the cooking surface temperature 
actually is, and What the remote temperature sensor 
and control “thinks” it is. 

[0034] b. The surface Where the heat elements are 
located is separated from the cooking surface by the 
kettle components, Which also introduces a time and 
temperature lag. When the heat element is turned on 
or off, there is a lag before the cooking surface 
begins to react. There is also a small lag associated 
With the heat element itself. Thus the mass of mate 
rial betWeen the heating element and the actual 
cooking surface, as Well as the rise time of the heat 
element itself involves an inherent temperature and 
time lag. 

[0035] c. The traditional method of controlling tem 
perature of a popcorn kettle Which is by use of a 
“mechanical” thermostat, inaccuracy aside, or even a 
thermocouple With a set or nonprogrammable con 
trol inherent introduces its oWn time lag related to 
the mass and mechanical operation of such a sensor. 

[0036] d. And perhaps most importantly, the fact that 
if the cold start cycle is controlled the same Way as 
subsequent cycles, the initial Tload may be too loW 
and the duration of that cycle, until Tdump is reached 
could be too long. 

[0037] The various factors described above are ampli?ed 
by the fact that the kettle’s heat elements usually have far 
more poWer than is necessary to simply hold the kettle at a 
Tcontrol or Tload temperature. This is necessary to cook the 
popcorn in the required time, ie to bring up the temperature 
of the corn for popping in a desired time. With the lag times 
of many prior poppers, the net effect is a large overshoot of 
preferred control temperature as the kettle at least initially 
heats or an undershoot if the heat energy is turned off too 
soon because of an excessive sensed rise rate. By the time 
the mechanical thermostat or thermocouple reacts to turn off 
the heat, the kettle surface temperature could eXceed Tcon 
trol by the overshoot. Also, even Where a thermocouple is 
used, its oWn heat equilibrium may not be obtained during 
the ?rst or ?rst several cooking cycles and the accuracy and 
dose control of th cooking process desired is not initially 
obtained. Conversely, before the heat element turns on, the 
temperature Will undershoot. The chart of FIG. 12 demon 
strates this operation. 

[0038] The thermal transients in the system are believed to 
be one of the be most signi?cant of the factors generating 
this prior pro?le in those systems using such sensors. As 
mentioned above, there are tWo major problems With tem 
perature sensors related to the effects described. 

[0039] First, overshoot from a cold start. The operator 
does not knoW When to load the corn and oil from a cold 
start. If he puts the kernels and oil in too early, the quality 
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of the popped corn Will be poor. If he Waits too long, he may 
“hit” the peak overshoot temperature Which Will also cause 
poor quality popped corn and may cause oil smoke. 

[0040] When the PID controls heat rise from a cold start, 
the heat energy may be turned off too soon, but the lack of 
heat equilibrium results in less heat energy in the system and 
too long or time is required for the kettle to recover to 
Tdump after its ?rst load. 

[0041] Secondly, excessive popping cycle times due to 
loW (and also due to high) kettle temperatures are undesir 
able. The loW condition is obvious, but a high load tem 
perature actually can cause lengthy popping cycles up to 5 
minutes. The kettle’s temperature sensor opens due to a high 
temperature. The overshoot permits the heat energy of the 
kettle to increase further. If the corn and oil are added at this 
time, the heat energy of the system falls quickly, but the 
higher sensed surface heat from the overshoot “feeds” the 
remote mechanical thermostat or thermocouple Which keeps 
it from closing. By the time the heat energy in the kettle 
mass betWeen the cooking surface and the remote sensor 
dissipates and the sensor does close and the heat elements 
are turned on, the kettle cannot recover to cook the popcorn 
close to the desired cycle time. 

[0042] Accordingly, it is desired to produce a consistently 
higher quality popcorn through improved apparatus and 
popping processes. 

[0043] Another objective of the invention has been to 
reduce popping kettle temperature overshoots and under 
shoots as a function of system parameters of prior popping 
systems. 

[0044] Another objective of the invention has been to 
provide a consistently higher quality popped corn by more 
closely controlling the popping parameters of the corn 
poppers than in prior systems. 

[0045] A yet further objective has been to overcome the 
information and problems generated by application of the 
control logic to both cold start and subsequent popping 
cycles. 

[0046] Ayet further objective of the invention has been to 
provide improved popped corn by insuring a consistent 
popping cycle Within the duration of about 3.0 to about 3.5 
minutes independently of the coincidence of the loading of 
kernel and oil With the temperature (Tload) for all cycles of 
the popper. 

[0047] It is another objective of the present invention to 
provide improved apparatus and/or methods to pop popcorn 
continuously in consecutive batches With minimal attention 
by an operator. 

[0048] It is another objective to ensure that the popcorn is 
consistently and properly cooked in each batch. 

[0049] It is a further objective of the present invention to 
reduce the burning of popcorn sometimes associated With 
conventional machines and operator inattention. 

[0050] It is also an objective of the invention to alWays 
provide the proper amount of cooking oil and thus reduce the 
messes associated With such burned popcorn or spilled, 
uncooked oil and thereby alloW an operator to focus upon 
customers and popcorn sales. 
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[0051] It is a still further objective of the invention to 
reduce the delays betWeen fresh batches of popcorn attrib 
utable to lack of attention by the operator. 

[0052] It is a still further objective of the invention to 
increase the production rate of consecutive batches of fresh 
popcorn to thereby increase the sales from and the pro?t 
ability of a commercial popcorn popper. 

[0053] Still further, it is an objective to provide the proper 
and consistent heat to the kernels as they cook to ensure 
proper popping conditions and to maXimiZe the popcorn 
yield per unit of kernels. 

SUMMARY OF THE INVENTION 

[0054] Addressing these objectives, the present invention 
comprises a popcorn popper Which may be left unattended 
to automatically cook and dump popcorn once it has been 
loaded With the proper ingredients, such as uncooked pop 
corn. Alternately, features of the invention are also appli 
cable to poppers With manually dumped kettles. The proper, 
premeasured amount of oil pump is then added by the oil 
pump system upon the initiation of a cooking cycle so that 
the operator does not have to Worry about measuring oil or 
eXcess oil in the kettle. The popcorn popper of the invention 
is responsive to kettle temperature conditions to automati 
cally cook popcorn kernels, subsequently dump the ?nished 
popcorn, and then alert the operator to load more ingredients 
such as oil and uncooked kernels, and start the neXt batch. 
In that Way, all of the batches of fresh popcorn are properly 
cooked at regular periods With the proper amount of oil and 
heat, and the operator is left to attend to other tasks. 

[0055] According to the invention, popcorn is consistently 
cooked by introducing an amount of popcorn and oil to a 
cooking system, comprising a heated kettle, for a duration 
sufficient to heat the corn and oil a predetermined amount, 
and then automatically dumping popped popcorn after a 
sufficient amount of heat energy has been absorbed by the 
corn and the oil to pop the corn. The application of heat 
energy to the corn and oil is not monitored and controlled by 
time, but rather by the heat conditions of the cooking system 
for each batch. In this regard, a kettle is heated to a start 
temperature and cycled about that temperature through a 
small temperature range. When unpopped corn and oil are 
introduced, a thermocouple on the kettle senses a tempera 
ture drop (cycle point) and a cooking or popping cycle 
begins. The corn and oil absorb the heat energy and are 
heated in the kettle until the kettle temperature climbs back 
to a predetermined temperature (dump point) indicating 
suf?cient heat energy has been applied to the corn and oil to 
pop the corn. At that point, the kettle is automatically 
dumped. 
[0056] Since the controller is temperature, rather then time 
responsive, the operator is assured a consistent amount of 
heat is alWays applied to the corn and oil for consistent 
popping. If the kettle dump Was controlled by time alone, 
and the environment changed, such as a cabinet door being 
open, the cooking cycle might time out before suf?cient heat 
energy Was applied to consistently cook that batch of corn. 
Moreover, since the start temperature is held Within a narroW 
predetermined range, the oil and corn Will not be prema 
turely burned and the temperature gradients applied thereto 
Will be more consistent. Also, such a method accommodates 
at least some variations in the amount of corn and oil 
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introduced to the kettle. If too little, the temperature drop 
Will not be as great and the rise to the predetermined dump 
temperatures takes a shorter time, thus sufficient but less 
heat is introduced so this batch is consistently popped. In a 
corresponding manner, larger amounts of corn and oil Will 
sloW the climb of temperature to the dump point insuring 
that sufficient heat is imparted to pop the corn consistently 
With other batches. 

[0057] To further ensure proper cooking by the invention, 
a premeasured amount of oil is introduced to the kettle at the 
beginning of a cooking cycle. The controller is coupled to an 
oil pump system Which is operably in ?uid communication 
With the kettle. Upon the kettle reaching the proper start 
temperature or cooking temperature, the oil pump system 
and an oil pump sWitch are enabled. The operator then 
actuates the oil pump sWitch to activate the pump system and 
deliver a proper, premeasured amount of oil to the kettle. 
The oil pump system and sWitch are disabled by the con 
troller if the kettle heat is not ON (no cooking cycle) or the 
kettle is tilted from an upright position, such as to be 
cleaned. Furthermore, in accordance With the principles of 
the present invention, the oil pump system Will only deliver 
one load of oil per cooking cycle to prevent an oil overload 
or spilling of oil When the cooked batch of popcorn is 
dumped. Therefore, the oil pump sWitch may be actuated 
numerous times and only one load of oil Will be delivered 
per cooking cycle. 

[0058] In an alternative embodiment of the invention, the 
controller is operable to activate the oil pump system 
automatically upon the initiation of a cooking cycle. To that 
end, the controller provides an output signal to the oil pump 
system to pump a premeasured amount of oil to the kettle at 
a predetermined time in the cooking cycle. For eXample, the 
oil might be added When the kettle has risen to a start 
temperature or might be added after the popcorn has been 
added. If the oil pump system has a mechanically adjusted 
timer mechanism for pumping a premeasured amount, an 
output signal is provided by the controller to activate the 
pump and pump oil into the kettle. If the oil pump system 
includes a programmable timer mechanism, the controller is 
operable to provide additional timer outputs to adjust the 
amount of time that the pump Will deliver oil When acti 
vated. In either case, a premeasured and proper amount of oil 
is delivered to the kettle each cooking cycle. The controller 
Will not activate the pump system until the kettle is hot and 
ready to cook and is upright. 

[0059] More speci?cally, the popper apparatus includes a 
kettle Which is coupled to a dumping motor and a heater 
Which are controlled by a controller Which monitors the 
kettle temperature. The controller includes a temperature 
sensor, such as a thermocouple, Which is operably connected 
to the kettle proXimate the heaters. By monitoring the 
temperature of the kettle, the controller is operable to dump 
the kettle at the proper time and to alert the operator When 
another batch of uncooked corn kernels should be added to 
the kettle. Since the kettle temperature is constantly moni 
tored, and the dump cycle is automatically controlled, the 
burning of popcorn is prevented. Furthermore, an operator 
does not have to constantly monitor the procedure to prevent 
such burning and can thus turn his attention to other tasks. 
The popper begins a cooking or popping cycle When fresh 
ingredients are added, and by alerting the operator at the end 
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of each popping cycle, the popper effectively reduces the 
delay betWeen batches to increase its productivity. 

[0060] In a preferred embodiment of the invention, a 
programmable logic controller (PLC) is coupled to a tem 
perature controller Which, in turn, is coupled to a kettle 
thermocouple and to kettle heaters. When the popper is 
turned ON and the kettle heat is turned ON, the kettle is 
heated to an equilibrium start or cooking temperature of, for 
eXample, approximately 525° F. The thermocouple and 
temperature controller preferably maintain the desired 525° 
F. kettle cooking temperature in a small cycled range of 
+/—10° F. When the kettle has reached the equilibrium start 
temperature, the PLC activates indicators Which provide 
visual and audible indications that the kettle is ready to make 
popcorn. The oil pump system and pump sWitch are enabled 
and the operator actuates the oil pump sWitch to load the oil 
Which is pumped in by the oil pump, and also loads the 
uncooked popcorn kernels. 

[0061] Alternatively, the oil might be loaded by hand by 
the operator. In still another alternative embodiment of the 
invention, as discussed above, the PLC provides outputs 
directly to the oil pump system to automatically pump oil to 
the kettle at the initiation of a cooking cycle. The PLC is 
operably coupled to the oil pump system to activate the 
pump for a predetermined amount of time to ensure a 
premeasured amount of oil. Atimer determines hoW long the 
pump runs once activated to ensure the proper amount of oil. 
The invention may incorporate an oil pump system having 
a mechanically adjusted timer, such as a dial timer, or may 
incorporate a system having a separate programmable timer. 
In the latter case, the PLC is operable to provide separate 
output signals to the programmable timer to set the pump 
time in addition to any output signals to the pump for 
delivering oil for the amount of time set by the timer. 

[0062] The temperature controller senses the rapid drop in 
kettle temperature associated With the absorption of heat 
from the kettle by the corn and oil. When the temperature 
drop eXceeds a set amount, for eXample, 50° F. beloW the 
equilibrium start temperature, the PLC initiates a cooking 
cycle. The point of initiation of the cooking cycle is desig 
nated the cycle temperature or cycle point. 

[0063] As the cooking cycle progresses, the PLC senses 
through the temperature controller, that the kettle has 
dropped to a minimum temperature beloW the cycle tem 
perature. The minimum temperature Will depend upon the 
heat load added to the kettle. As the popcorn pops, the 
temperature of the kettle begins to rise above the minimum 
temperature. When the kettle temperature reaches a prede 
termined dump temperature or dump point and the PLC that 
the minimum temperature Was previously reached and Was 
preceded by the cycle temperature, the popper indicates that 
the end of the cooking cycle has occurred. Preferably, the 
predetermined kettle dump temperature associated With the 
dump point for determining the end of a cooking cycle is 
equal to the cycle temperature associated With the start of the 
cooking cycle, i.e., approximately 50° F. beloW the equilib 
rium start temperature, for eXample. Upon sensing the end of 
the cooking cycle at the dump point, the PLC initiates a 
dump cycle and controllably energiZes the dump motors to 
tilt the kettle and dump the ?nished popcorn onto the surface 
platform. The popcorn is immediately and automatically 
dumped at the end of a proper cooking cycle, therefore 



US 2004/0081732 A1 

preventing the popcorn from burning. Furthermore, because 
of the unique temperature-driven control of the popper, the 
popcorn is consistently and properly cooked and may be 
served at the peak of freshness. The greater the amount of 
corn and oil added, the longer the cooking cycle. Con 
versely, the less the amount of corn and oil, the shorter the 
cooking cycle. 

[0064] Preferably, the motors are controlled to dump the 
kettle tWice to ensure complete dumping. After the ?rst 
dump, the kettle is only partially returned to a cooking or 
popping position. It is then dumped again before fully 
returning to a popping position. 

[0065] When the temperature controller indicates that the 
kettle temperature is beloW the cooking cycle point and the 
machine is in a cooking cycle, the PLC disables the dump 
motors and thus prevents inadvertent dumping of the kettle 
contents. 

[0066] When the popcorn has been dumped at the end of 
a cooking cycle, the kettle Will heat back up to the start cook 
point again, and audible and visual indications are again 
initiated to remind a busy operator to reload the kettle With 
fresh ingredients. This prevents delays in betWeen consecu 
tive batches of popcorn and thus increases the ef?ciency of 
the operator and the popcorn popper, increasing production 
rates and pro?tability. 

[0067] The present invention provides the proper applica 
tion of heat energy consistently to batches of corn kernels. 
In that Way, the kernels are heated to a suf?cient temperature 
to provide proper hull brittleness and expansion When the 
kernels pop but the heat is not so high so as to force out the 
steam in the kernel prematurely. Therefore, the invention 
achieves the desired corn temperature and peak steam pres 
sure for proper expansion. Expansion rates of approximately 
1:50 have been achieved With the invention Which is a 
signi?cant improvement over some conventional devices 
Which achieve expansion rates of 1:44 or loWer. 

[0068] Therefore, the present invention automates the 
cooking and dumping of popcorn and eliminates the need for 
constant operator attention to the process. Production of 
consistently popped corn is increased as is the pro?tability 
of the operation While incidents of burned corn and inad 
vertently spilled oil or uncooked corn are eliminated. Fur 
thermore, the temperature control of the kettle operation and 
the cooking cycle provides properly and consistently cooked 
batches of popcorn. 

[0069] An alternative embodiment of the invention con 
templates the use of a kettle-mounted thermocouple inter 
connected to an electronic control system for operating the 
kettle’s heating el ments, and a different control logic for the 
?rst heat rise of the kettle from a cold start condition. The 
thermocouple has negligible mass, is located on the bottom 
of the kettle, and is connected to the electronic control Which 
Will control voltage to the heat elements, depending on the 
desired thermocouple open and close temperatures. The 
overshoot and undershoot Will thus be signi?cantly less due 
to the elimination of some lag due to the use of remote 
mechanical thermostats in prior systems. Moreover, the 
control system is programmed to energiZe and deenergiZe 
the heating elements in response to the sensing conditions of 
the thermocouple at temperatures Which lead to the desired 
cook surface temperatures as a function of kettle mass and 
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heating element lags in both directions (i.e. temperature rises 
and drops). Thus, the thermocouple sensed temperatures are 
handled by the control system as a function of the desired 
temperatures taking into consideration kettle mass and other 
lag factors so the heat energy that the corn kernels experi 
ence is closely controlled to predetermined levels. 

[0070] The cold start problems noted above are prevented 
by directly controlling the application of heat to the kettle on 
the start up, outside of the normal control loop. In particular, 
heat energy input is not retarded or controlled so quickly as 
it is later When the structure has reached heat equilibrium. 
Thus, the program for normal operation is varied for the ?rst 
cycle to insure that batch is consistently popped Within the 
desired time frame as subsequent batches. The system then 
returns to normal control mode. Thus, the control system 
recogniZes the cold start situation for the ?rst cycle. 

[0071] In other Words, on cold start, the control system 
logic for remaining cycles is not applied to the kettle heat. 
Instead, the temperature rise is alloWed to continue to a point 
beyond Where it Would be alloWed to rise for subsequent 
cycles When the kettle has reached equilibrium. In this 
manner, the kettle is alloWed to heat to a higher point, 
recogniZing that total heat in the system is less than it Will 
be later. Thus, When corn and oil are added and the tem 
perature drops, the higher start temperature supports the 
kettle’s recovery to a Tdump temperature in a similar time 
frame to that of subsequent cycles. Without the “override” of 
the control logic for the ?rst cold start cycle, the heat energy 
Would be retarded sooner and corn loading Would drop the 
colder kettle to a much loWer temperature than desired, from 
Where it could take an excessive time to recover. 

[0072] The chart of FIG. 13 illustrates the contrast 
betWeen the invention and the prior systems. 

[0073] It Will be appreciated that Tdump, according to the 
invention, is constant and independent of Tload. According 
to the invention, Tdump is independent of many other 
variables, including: 

[0074] LoW voltage, Which reduces the poWer of the 
heat elements. 

[0075] Variations in the amount of corn and/or oil 
that are added to the kettle. 

[0076] Variations in the kettle components: heat ele 
ments, etc. 

[0077] The system is thus controlled that, given the same 
Tdump, temperature popping time Will vary only Within the 
desired cycle time of about 3.0 to about 3.5 minutes for 
every cycle. 

[0078] In another aspect of the invention, and even Where 
an automatic dump mode is or is not selected, or in other 
poppers Where there is no automatic dump mode, the elec 
tronic control system is operable to sound audible or visual 
alarms, such as a buZZer or ?ashing light, to alert the 
operator to dump the popcorn at the correct time. Also, such 
alarms are programmed to alert the operator to do one of the 
folloWing three things according to the invention: 

[0079] 1. From a cold start, an alarm signals When the 
operator should ?rst add the corn and oil. 

[0080] 2. When popping, an alarm signals When to 
dump the popcorn. The larger bene?t is the fact that 
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it alerts the operator, Who is busy or distracted, to 
dump the popcorn before it burns. Burned popcorn is 
a signi?cant problem in a busy theatre, for example. 

[0081] 3. When the operator is done popping corn, an 
alarm reminds him to turn off the master poWer to the 
kettle heat to save energy. 

[0082] The invention also contemplates the process of 
producing popcorn by popping corn kernels in oil for a time 
period of about 3.0 to about 3.5 minutes from loading 
kernels and oil into a popping kettle to dumping popped corn 
therefrom. That is, the invention contemplates the popping 
of popcorn in a time duration from loading kernals and oil 
into a kettle to dumping popped corn therefrom in a time 
period of from about 3.0 to abut 3.5 minutes and after a set 
Tdump temperature is reached, regardless of typical varia 
tions in the quality of corn and oil added by operator error 
and variations in the Tload temperature betWeen cold start 
and later cycles. 

[0083] According to the invention, a preset Tcontrol tem 
perature thus de?nes a maXimum Tload for the ?rst cold start 
cycle and thereafter for subsequent cycles, function as a 
safety or cutoff temperature, causing a system shutdoWn 
When reached for revieW and safety considerations. 

[0084] Advantages of the invention are numerous. It pro 
duces a high quality, consistent, popped product. It elimi 
nates lag times of the prior temperature sensors used in prior 
popping systems. It reduces temperature overshoots and 
undershoots from a desired control temperature. It assures a 
predetermined cycle time Within a set range and With a 
consistent product. It produces a high quality consistent 
product independent of variables inherent in prior systems 
Which limit product consistency. It provides a close control 
of popping parameters, including close control of kettle 
energy to produce a non-consistently high quality product. 

[0085] It Will also be appreciated that the invention in its 
alternate embodiment can be used in controlling only the 
initial cold start cycle differently from the subsequent cycles 
or the ?rst several cycles from a cold start in the same Way, 
differently from remaining cycles When heat equilibrium is 
reached. 

[0086] These and other objectives and advantages Will 
become readily apparent from the folloWing detailed 
description of preferred and alternative embodiments of the 
invention, and from the draWings in Which: 

BRIEF DESCRIPTION OF THE DRAWING 

[0087] The accompanying draWings, Which are incorpo 
rated in and constitute a part of this speci?cation, illustrate 
embodiments of the invention and, together With a general 
description of the invention given above, and the detailed 
description of the embodiments given beloW, serve to 
eXplain the principles of the invention. 

[0088] FIG. 1 is a perspective vieW of a popcorn popper 
apparatus in accordance With the principles of the invention; 

[0089] FIG. 1A is a perspective vieW of the top of the 
popcorn popper of FIG. 1; 

[0090] FIG. 1B is perspective vieW of the popcorn popper 
of FIG. 1 illustrating the oil pump system. 
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[0091] FIG. 2 is a cross-sectional vieW of a popcorn 
popping kettle as seen on line 2-2 of FIG. 1; 

[0092] FIG. 3 is a cross-section taken along lines 3-3 of 
FIG. 2; 

[0093] FIG. 4 is a perspective-vieW of the kettle of the 
popcorn popper of FIG. 1; 

[0094] FIG. 5 is a perspective vieW of the kettle of FIG. 
4 removed from its housing for cleaning; 

[0095] FIG. 6 is a diagrammatic vieW of the electrical 
components of the popcorn popper of FIG. 1; 

[0096] FIG. 7 is an operation ?oWchart of the popcorn 
popper apparatus of the invention; 

[0097] FIG. 8 is a temperature graph versus time of the 
kettle during a popcorn cooking cycle. 

[0098] FIG. 9 is a graphical illustration of a popping 
process Where Tload temperature is equal to a set Tdump 
temperature and shoWs the effect on time; 

[0099] FIG. 10 is a graphical illustration of a popping 
process Where Tload temperature is greater than the set 
Tdump temperature and shoWs the effect on time; 

[0100] FIG. 11 is a graphical illustration of a popping 
process Where Tload temperature is less than the set Tdump 
temperature and shoWs the effects on time; 

[0101] FIG. 12 is a graphical illustration shoWing a pop 
ping process of the prior art; 

[0102] FIG. 13 is a graphical illustration shoWing kettle 
surface temperature cycles of a popping process of one 
embodiment of the invention compared to those of a prior 
popping system; 

[0103] FIG. 14 is a diagrammatic vieW of the electrical 
components of a popcorn popper similar to FIG. 6 but 
according to an alternate embodiment of the invention; and 

[0104] FIG. 15 is an operational ?oW chart similar to FIG. 
7 but illustrating an alternative embodiment of the invention. 

[0105] FIG. 16 is a temperature graph versus time of the 
kettle during popcorn cooking cycles for another embodi 
ment of the invention. 

DETAILED DESCRIPTION OF SPECIFIC 
EMBODIMENTS 

[0106] Turning noW to the draWings, there is shoWn in 
FIG. 1 an automated corn popper 10 according to the 
invention. It Will be appreciated that the popper is operable 
to cook or to pop popcorn and is particularly useful for 
cooking consecutive batches of popcorn for sale for use by 
concessionaires at movie theaters, sport events, fairs and the 
like. 

[0107] The corn popper 10 includes a cabinet having 
transparent Walls including tWo sideWalls 11, 12, a rear Wall 
13, front Wall 14, and a service platform 17 for catching 
popcorn. Front Wall 14 includes tWo doors 15, 16, Which can 
be opened to gain access, both to the popped corn on the 
platform 17 of the cabinet and to the kettle 18. SideWalls 11, 
12 and rear Wall 13, as Well as the front Wall 14 including 
doors 15, 16, are all made preferably of transparent glass or 
plastic material so that the interior of the cabinet can be 
























