3,294,546

A. L. FINGERHUT
METHOD AND APFARATUS FOR POPPING CORN

Dec. 27, 1966
Filed March 27, 1962

11 Sheets-Sheet 1

il

..............................

i~ €

PO
2 wﬁﬂ
g

2
e

ST RN AES

oY

29 / 89 (09
i DR ey s i
g : R I AR P
it .u 52, 72 \IVQ Vw%% ,,,Muw .M
EHne - @.ﬁ Vi B S LW, 7
ol nu,,& - WuWaOM P IONT /A

INVENTOR.

gy Arthur L. Fingerhut

ATTORNEYS

7 Sk

Sl

Fra



A. L. FINGERHUT 3,294,546

METHOD AND APPARATUS FOR POPPING CORN

Filed March 27, 1962

Dec. 27, 1966

11 Sheets—Sheet 2

INVENTOR.
ATTORNEYS

-

SRR

s 4 i
< i H
&x
N i H
- i

i )
-\ 86 I6L S
AN 4,w|. \ [ Nmom 9// / ) Z !
B vﬁ S S YNl
“ogz [N veor =
ﬁlmom AL I B R
X _...,, _NUJ - '

7 el

(}Z;/z.ﬂ JL Pl yicnm

oA

Arthur L.Fingerhut

F70 BY

[T T 1
;




3,294,546

A. L. FINGERHUT
METHOD AND APPARATUS FOR POPPING CORN

Dec. 27, 1966
Filed March 27, 1962

11 Sheets~Sheet 3

SN S Y

i
Ir
i
i
I
f
f
B
H
i
"
1y
I
i
b
s
n

S S

INVENTOR.

Arthur L. Fingerhut

Y

i
7

WA
ATTORNEYS

BY

<
12
0



Dec. 27,1966 A L. FINGERHUT 3,294,546

METHOD AND APPARATUS FOR POFPPING CORN

Filed March 27, 1962 11 Sheets-Sheet 4

~ INVENTOR
Arthur L. Fingerhuf

M%M/‘

ATTORNEYS




Dec. 27, 1966 A. L. FINGERHUT 3,294,546

METHOD AND APPARATUS FOR POPPING CORN

Filed March 27, 1962 11 Sheets-Sheet 5

il

INVENTOR

Arthur L. Fingerhut
BY
Z 047/ Sorl §
M‘é:jﬁ??omqavs

178 /////’ —



3,294,546

Dec. 27, 1966 A. L. FINGERHUT

METHOD AND APPARATUS FOR POPPING CORN
11 Sheets-Sheet 6

Filed March 27, 1962

134
h

Inverse Acting ___|
Thermoswitch

B

iﬂ
Sl

4
12374

Q}' 0“ 0/(\“ ! ' Thermoswitch

2I~ 77 ) o024 i 140

l22 ] 0" O/YIIIT,—VJ 144

Tl NIWY = ]
i8d

FIG.9

RS v I gl DY ‘

Corn
Feed
Hot Air _
Inlet \
V‘Q\E
\!
Rejected
Unpopped — -
Corn :ﬁl
U
INVENTOR
Popped Arthur L. Fingerhut
Corn . BY | 7 /y
X vy f 0
ATTORNEYS



Dec. 27, 1966 A. L. FINGERHUT 3,294,546
METHOD AND APPARATUS FOR POPPING CORN
Filed March 27, 1962 . 11 Sheets—Sheet 7

- SESSSSNSENY i ARSSSSSNSNY
ST T ":\' — —
72 /RN
“ ot
78 SR
298~_4 '
:33 ! ;.:\\« 0%
i \I": 1‘/
"INVENTOR.
Arthur L.Fingerhut
BY
W. R0

ATTORNEYS



Dec. 27, 1966 © A L. FINGERHUT 3,294,546

- METHOD AND APPARATUS FOR POPPING CORN

Filed March 27, 1962 o 11 Sheets-Sheet 8

I T N | |
- ——- —-'246

INVENTOR.

BY Arthur L/.gcliingerhut
Fsgoicl 5 Sk o
g AL

ATTORNEYS.



Dec. 27, 1966 A. L. FINGERHUT 3,294,546
METHOD AND APPARATUS FOR POPPING CORN
Filed March 27, 1962 11 Sheets-Sheet 9

e

,: I\

208t
: 72\

WL 1

N INUNNN
98— ’ i98 Ll

TETEIEE
e LN

Y

=22

SN

{98

.l

()]

o
m
()
o
O
AR

AN

—

NN

-

SESSNY
N
©
Y

r

|

|

8

>

i ! N
e
NN\

SN

N
A

NN

= I AANANAN SR AN
|/

4,'.‘.'-, W‘;‘;-;;,-"',
050454 ”" OOK XK
3:3:::‘:::’:00 o‘:‘:‘:o‘o, ,
XX HAKES

R 54

196

INVENTOR.

) By Arthur L.Fingerhut
Gvoliiid T, Bock f
/Q,A// ALl i,
ATTORNEYS

192

193



3,294,546

A. L. FINGERHUT

METHOD AND APPARATUS FOR POPPING CORN

Dec. 27, 1966

11 Sheets~Sheet 10

Filed March 27, 1962

- yojimMsourday ) asiaaul
buyjoinbeygH

Jaqwoyyn pHuiddod
yoymsownsayl m
€l

Y2}IMSOWIaY L

e
o 2
5<€
S5
| i) o 4t F\Lu =
) rhied .:_ (] ~ i
Lo i gIe Lo
~ 4
13}09H - ’ g
buluosbag ,m..m.J , 2
g = —
! &l [
S K Jakig wion ” 2 b=
10
NER e L -
SIE~ WA‘J@J_ lmwuf O 2
g 4_,_ ywwmm .MJ
X444 ~. .
. . Avmm ..ob%%%o (22 ||N_vﬂ aWI04SUDIL
H\

Buijoinbay -k ¢!

Wl

vl
{_4ub1)jodg

lu,._wmﬁ« mmv .m)wm ov

Ty

]
[l el STl R el

WM\uwmm

J

Ol
61€
\ 14yb11poo| 4
\mmm 5 Vi
* Y. / \\ Vi
‘ v ‘osl [
b1 sayojImsowiayy (0]
juaosaion|4 JDBYIBAD

D22 9l

-

b1
juaosaionid

ATTORNEYS

Llhoitd S Sack &

F

At



3,294,546

A. L. FINGERHUT
METHOD AND APPARATUS FOR POPPING CORN

Dec. 27, 1966

11 Sheets—éheet 11

Filed March 27, 1962

J0J0W
Jamolg

y

1 LW Y—

mW,S,m %0l
M 10JON

vmm.._ﬁoo
b1
Juadsadoniy

_m_J

Gl

(22

el

8¢l |
N pioualos
1oafay

ove 7

ybipoold

= v
8 2 m/w
QO = :
jsued ST Ad
joajuon =5 nRuIM@
61 B 2 e
‘MG DY 2 J
uo1}onpoid |y +— s W
: =3
9lg 'y /l;m.muu__ﬂwmgm 2 ,
-mg 12K4Q B8 S1U6IT] < i N TV
. - \ﬂ T N
J % = .B
MS UID cle T
Ep—
J0j0N
upg4 buijoon
:m/ T " "
SRR R E b L]  Assvsouns 0l
b v28) { £ 92e o
— | | v = omm%
eve p—119
T -
W i 1°3 4% . 65
aaansT (2L TN || 22 5
paa4 iies -
982 ¥ 5!
02¢m V5 |
S b7
! lee jusosaion|d
piouajos s
buluospasg 0£2 r..Eos_ Koy /»u_oo
BuINOSDaS awll

q22 9ld |

| Hit!
[
i

1
i
i




United States Patent O

3,294,546
Patented Dec. 27, 1966

fice

1

3,294,546
METHOD AND APPARATUS FOR POPPING CORN
Arthur L. Fingerhut, Livingston, N.J., assignor to Gen-
eral Foods Corporation, White Plains, N.Y., a cerpo-
ration of Delaware
Filed Mar. 27, 1562, Ser. No. 186,581
18 Claims. (Cl. 99—381)

This application is a continuation-in-part of my prior
application, Serial No. 729,924, filed April 21, 1958, now
abandoned.

This invention relates to an improved method and ap-
paratus for popping corn that are especially adapted for
use in public or semi-public locations and embody auto-
matic features which allow the corn to be popped in a
continuous manner requiring a minimum of an operator’s
time while providing increased operating efficiency and
an improved yield of quality product.

U.S. Patent No. 2,922,355, granted to Julius Green
on an application Serial No. 717,346 filed February 25,
1958, which was copending with the aforesaid applica-
tion Serial No. 729,924, and also the applications of said
Julius Green, Serial No. 801,682 filed March 12, 1959
(now abandened) and Serial No. 53,722 filed September
2, 1960, all propose to pop corn in a continuous manner
by disposing a substantially tubular popping zone verti-
cally and centrally within a transparent housing and
blowing hot gas into the lower end of and upwardly
through the popping zone and out its open upper end.
Raw kernels of corn are fed into the popping zone at
a point near its lower end but above the point of introduc-
tion of the hot gas, the velocity of which is initially
sufficient to air-vey the raw kernels upwardly into the
popping zone but is then reduced to suspend them in
the popping zone as a floating bed until they pop, where-
upon the popped kernels are carried out of the open
upper end of the zone. A collector is located at the bot-
tom of the popping zone to collect “old maids,” i.e.,
unpoppable corn kernels, and a dome-like housing around
the popping zone and above its open upper end deflects
the stream of hot gases and popped kernels from said
upper end radially outwardly from and then downwardly
around the popping zone.

Thus the circulating gases exit from the popping zone
after having lost heat to the suspended kernels and at
a velocity lower than said initial velocity. Accordingly
the hot gas is withdrawn separately from the popped
kernels, and before being recycled to the lower end of
the popping zone, its initial velocity is restored by the
blowing means and heat is added to make up for that
absorbed by the kernels, etc.

While the apparatus and processes described in said
Green patent and application represent significant ad-
vances in the corn popping art, the above stated con-
tinuous features of the popping operation introduce new
problems in maintaining continuity, in terms of over-all
operating efficiency and quality of the popped kernels
produced, and especially in maintaining an approximately
constant popping temperature.

It has been found that in the operation of a system
of the type described above, best results as to quality
of product are secured when the temperature of the gas-
kernel mixture in the floating bed is maintained at an
approximately constant value, usually about 375° F.
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Within these limits, and assuming raw -kernel inlet tem-
peratures within a normal range, the kernels will absorb
sufficient heat to cause popping in a relatively short time
consistent with efficient operation of the apparatus and
especially with the production of a product of uniform
high quality. Should the temperature fall materially
below the desired value, the time that the kernels must
remain suspended in the circulating gases is unduly in-
creased and also the quality of the product suffers ob-
jectionably. On the other hand, if the temperature of
the circulating gases substantially exceeds the desired
value, the kernels may become overheated particularly
at the surface, a condition which also interferes with
popping and results in a product of lower quality.
Theoretically it should be possible in such a system to
establish approximate equilibrium conditions in which
the amount of heat supplied to the circulating gases is
just sufficient to compensate for any heat loss and in
addition to supply the amount of popping heat absorbed
by the kernels when fed at an equivalent rate and at an
approximately constant temperature. Under such ideal
conditions, the temperature of the circulating gases in
the popping zone would remain substantially constant
and the time of suspension of the kernels in the hot gas
before popping would also be substantially constant, It
has been found, however, such desirable conditions can-
not be maintained by temperature-responsive control of
the gas heating means as indicated in the Green patent,
because of the peculiar if not unique operation of a
corn popping system of the type described.

In particular, major difficulties in maintaining con-
tinuous uniform operation arise from the fact that the
circulating gas has several functions, namely, that it not
only serves to convey heat from the heating means and
impart it to the kernel, supply heat to the ductwork and
housings, but it must also air-vey the raw kernels to the
popping zone and maintain a controlled stationary float-
ing bed of unpopped kernels in suspension therein. As
an illustration of the problems arising from this fact, it
will be evident that variations will inadvertently occur
from time to time in the amount of heat required for
popping. For example, if abnormally cold raw kernels
are fed to the popping zone at a desired constant rate
which would under normal or ideal conditions be com-
mensurate with a desired constant heat supply, the kernels
will have to remain suspended for a longer time before
they heat up to popping temperature and hence the
volume and weight of the stationary floating bed will
increase, ‘while the output of popped kernels decreases.
Also the effect will be to take less heat out of the cir-
culating gases with the result that the temperature in
the floating bed itself tends to decrease, further ag-
gravating the conditions just described.

Such density increases in the floating bed could be
partially compensated by increasing the heat supply, but
temperature-responsive controls located in the air pas-
sages are not effective because, when the amount of
corn in the floating bed increases and more heat is needed,
the effect of the increased amount of corn is to decrease
the amount of circulating gas so that its temperature
tends to rise and heat controls sensing this rise would
then reduce the supply of heat. In any event the amount
of compensation available by way of increasing the heat
supply is limited since both the maximum velocity and
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the maximum temperature of the circulating gas must be
limited. For all of the above reasons, the popping zone
in a system of the type described tends to become over-
loaded at times, with the result that the time required
for kernels to pop may become excessive, and the float-
ing bed may even become so heavy that it will fall into
the ductwork, and result in failure of the machine.

In first starting the machine, moreover, the parts are
cold and in the interest of maximum capacity, it is desir-
able to heat these parts substantially to operating tem
perature before feeding corn to the popping zone. Al-
though apparatus may be designed wherein the corn is
fed at a low enough constant rate to allow the available
heat to pop the kernels in the popping zone before an
undue accumulation of unpopped kernels occurs therein,
even in the initial stages, this is an inefficient and unde-
sirable operating principle because later on when the ma-
chine parts have reached an equilibrium temperature,
there will be heat available for popping more kernels
than there are kernels to be popped, and because the de-
crease in the popping rate will be reflected visually in the
reduced rate at which popped kernels issue from the pop-
ping zone.

In addition, it is important that ancillary cooperating
means such as salt metering means and seasoning (i.e.,
butter and the like) metering means also operate at a rate
which is commensurate with the rate of actual production
of popped kernels of corn so that the product will not be
either over-seasoned or salted or under-seasoned or salted,
despite variations in said rate for reasons already indi-
cated.

Accordingly, it is among the objects of the present in-
vention to provide a continuous kernel popping appara-
tus having improved operating efficiency wherein kernels
of corn are popped with uniform quality.

A specific object of the invention is to provide a con-
tinuous popping apparatus wherein the kernel feeding
means and the kernel heating means will operate in a
compatible manner such that the kernels will be fed at a
rate commensurate with the rate at which they can ab-
sorb enough heat from the circulating gases to cause pop-
ping.

Another specific object of the invention is to control
and synchronize the operation of kernel feeding means
and kernel heating means such that ancillary means em-
ployed to salt and season popped kernels of corn will op-
erate in a manner comparable to the rate at which popped
corn is produced,

It has been found that the above objects can be accom-
plished most effectively and most simply by maintaining
an approximately constant supply of heat to the circulat-
ing gases during the continuous operation of the machine
under normal conditions, while maintaining the desired
approXimately constant temperature in the popping zone
itself by regulating the rate of feed of raw kernels thereto
in response to variations in the temperature of the gas-
kernel mixture of the floating bed itself. Thermostatic
regulation of the heat supply is necessary only to control
the heat input under abnormal conditions and to prevent
excessive temperatures which might damage the corn, or
the machine itself, during standby and this can be at-
tained by thermostatic means responsive to the tempera-
ture of the circulating gases. .Such a control is effective
during the initial warm-up period and also during the re-
ject cycle as hereinafter described, in addition to provid-
ing a safety factor at all times. For normal operation,
however, the popping temperature in the floating bed of
kernels is maintained at the desired approximately con-
stant value by regulating the rate of feed of the raw ker-
nels in response to any deviation from said value of the
temperature of the gas-kernel mixture. Should the tem-
perature increase above the normal approximately constant
value for any reason, the supply of an extra amount of
cold raw kernels to the floating bed and the increased
amount of heat absorbed by these kernels from the circu-
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lating gases will bring the temperature in the bed back
down to the desired value. On the other hand, should the
temperature in the floating bed drop for any reason, a re-
duction in the amount of raw kernels fed thereto will have
the opposite effect of reducing the amount of heat ab-
sorbed from the circulating gases and this causes the pop-
ping temperature in the bed to rise again. It has been
found that this method of control is capable of maintain-
ing the temperature in the floating bed within very nar-
row limits, with high efficiency and production of a prod-
uct of uniform high quality, while preventing undue ac-
comulations in the bed which might unduly restrict air
flow and cause an excessive rise of temperature.

The popping apparatus, apart from the controls em-
bodying the present invention, may be similar to that
disclosed in the aforesaid Green patent. Thus it may
comprise a housing having a popping device therein
in the form of a vertically disposed duct having an open
upper end, and means for blowing hot gas into the lower
end of and upwardly through the duct. Means are also
provided for feeding raw kernels into the duct downstream
from the gas blowing means. The gas blowing means are
operated to produce gas velocity sufficient to suspend and
agitate unpopped kernels out of its open upper end, and
gas heating means are provided between the blowing
means and the popping zone to replenish the heat content
of the circulating gases.

Unlike the Green patent, however, the output of the
gas heating means is subject only to reduction by ther-
mostatic control, and this only in the abnormal case where
the temperature of the circulating gases reaches a prede-
termined maximum value. Normally any such increase
is prevented by controlling the feed of raw kernels to the
popping zone as already stated, this being preferably ac-
complished by locating temperature-responsive means in
the bed itself for sensing the temperature of the gas-ker-
nel mixture therein, that is, in the confined area where the
kernels are maintained in the suspended and agitated
condition by the hot gas coursing upwardly therethrough.
Such temperature sensing means can control either the
rate of operation or the period of operation of the kernel
feeding means. :

Not only is unsatisfactory operation avoided by reaso
of the prevention of overloading in the popping chamber,
but also various ancillary metering means such as salt
metering means or seasoning metering means are also con-
trolled in accordance with the temperature of the gas-
kernel mixture and will salt and flavor the popped corn
in accordance with ifs rate of production.

Thermostatic control of the heat supply is therefore
necessary only to prevent “run away” or overheating con-
ditions, and this requires only overheat sensing means
which serve to break electrical circuitry preferably com-
municating with the gas heating means. In normal op-
eration, this will occur when the feed of kernels is termi-
nated at the end of a cycle as described hereinafter, dur-
ing standby conditions, these means may also be effective
under abnormal conditions such as during initial warm-
up. The overheat sensing means are located so as to re-
spond to increases in the temperature of the circulating
gases and are operative to limit their maximum tempera-
ture by controlling the output of the gas heating means
when the feed of kernels is terminated and the tempera-
ture sensing means controlling said feeding means is not
in operation.

The invention will now be described in more specific
detail with reference to the accompanying drawings
wherein:

FIG. 1 is a frontal view of a preferred form of the
kernel popping apparatus;

FIG. 1lais an elevation of the apparatus in FIG. 1 from
the back side thereof; .

FIG. 2 is a top plan view of the device with parts of
the top thereof removed and other parts broken away
to better reveal portions of the device;
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FIG. 3 is a side elevation of the device taken along line
3—3 in FIG. 2;

FIG. 4 is an enlarged view partly in elevation and
partly in section of the unpopped kernel feeding means;

FIG. 5 is an enlarged top plan view partly in section
showing the hot gas blowing means, with the gas heating
means being shown in phantom;

FIG. 6 is an elevation taken along line 6—6 in FIG. 5
and showing the gas heating means;

FIG. 7 is an elevation partly in section taken along
line 7—7 in FIG. 6;

FIG. 8 is an enlarged top plan view and FIG. 9 is a
side elevation taken along line 9—9 in FIG. 8 of the
popper manifold;

FIG. 10 is an enlarged view partly in section and partly
in elevation of a salt reservoir and a salt metering device;

FIG. 11 is a sectional view taken along line 11—11 in
FIG. 10;

FIG. 12 is a sectional view taken along line 12—12 in
FIG. 11;

FIG. 13 is a sectional view of a seasoning reservoir
taken along line 13—13 of FIG. 3;

FIG. 14 is an enlarged sectional view of the season-
ing reservoir taken along line 14—14 in FIG. 13 and also
illustrating seasoning metering means;

FIG. 15 is a bottom plan view of the seasoning reser-
voir taken along line 15—15 of FIG. 14;

FIG. 16 is an enlarged sectional view of the seasoning
metering means taken along line 16—16 of FIG. 14;

FIG. 17 is a view similar to FIG. 16 showing the ad-
justable features of the seasoning metering means;

FIG. 18 is a bottom plan view of the seasoning meter-
ing means taken along line 18—18 in FIG. 16;

FIG. 19 is an enlarged side elevation of a popped corn
mixing means in which popped corn is mixed with salt
and seasoning supplied from the salt metering means and
the seasoning metering means;

FIG. 20 is an enlarged sectional view taken along line
20—20 of FIG. 19;

FIG. 21 is a plan view taken along line 21—21 of the
mixing means in FIG. 19; and

FIGS. 224 and 22b are wiring diagrams of the control
circuitry for operating the apparatus.

Referring to FIGS. 1 and 1la it will be seen that the
apparatus generally comprises a display case 30 adapted
to exhibit corn kernmels through windows 32 mounted
on the front, sides and back of the display case. Mounted
on top of the display case 3¢ is kernel hopper means 34,
a popping device generally designated as 36, and a sea-
soning device generally designated as 38 and a salt meter-
ing device 270. Also mounted on the top of display case
30 is a spotlight 406 adapted to shine down upon the
domed glass jar 42 of popping device 36 to highlight and
dramatize the showering effect of corn as it is popped and
conveyed by the circulating heating gas out of the duct
shown as 44 in FIG. 1. As seen in FIGS. 1 and la,
spider means 46 and “old maid” collecting means 48 are
viewable through the windows 32 of display case 30.

The front and back windows 32 are each hingedly con-
nected at 50 and 52 and are adapted to fold upwardly by
gripping handles 54 located at the lower extremity of the
respective windows. Means generally designated as 56
are located at the sides.of front and back windows 32
which are adapted to maintain the windows either in a
closed position relative to display case 30 or to maintain
them folded upwardly. Elongated doors or partitions 58
are located in the lower extremities of the front and back
of the display case 30 and are hingedly connected there-
to as at 60, the doors being adapted to swing outwardly
to increase the capacity of the display case and allow
additional working area. The lower marginal edges of
the front and back windows 32 close against the respec-

- tive doors 58 when the latter are closed and thereby serve
to confine the popped corn within the display case. As
seen in FIG. 1, door 58 on the front of the machine may
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be arranged to occupy an inclined position so that it and
suitable end wings 62 form a sort of bin permitting the
popped corn to be scooped out below the lower edge
of the front window 32.

The over-all internal operating components of the ma-
chine will now more fully be described by referring to
FIGS. 2 and 3. Gas heating means 63 and gas blowing
means 64 are mounted beneath the top of display case 30
within the side, bottom and top (insulated) walls 66, 68
and 70, respectively, of the insulating housing box 41,
the box being suitably mounted on an upper floor 72 of
the display case through intermediation of spacer legs 74,
the floor 72 extending as a horizontal panel upon which
other operating parts of the apparatus are mounted and
being itself suitably affixed to the sides of display case 390.

Communicating with the kernel hopper means 34 is
kernel feeding means designated generally as 76, and
which in turn communicate with the lower extremity of
duct 44. Duct 44 has open upper and lower ends and is
mounted centrally within jar 42 which is mounted on the
top of display case 30 by means of annular bracket 78
which also serves to retain a heat insulating ring 80.

The remaining features of the apparatus will be de-
scribed in greater detail hereinafter together with the
specifically detailed operating descriptions of the principal
parts of the apparatus. Referring to FIG. 4 showing the
details of the kernel hopper means 34, a tubular trans-
parent corn kernel reservoir or container 82 is mounted
within a cylindrical support 84 having a seat portion 86
upon which the container 82 rests. Integral within the
support 86 is a funnel shaped chamber 88 which intro-
duces raw unpopped kernels to the kernel feeding means
76 through a discharge port 90, which in turn is seated
within an opening in the top of display case 30. Bolted
(by suitable means not shown) to the top of display case
30 is a housing 92 which receives the discharge port 90
in complementary fashion at 94. Mounted in housing 92
is a horizontal auger or screw conveyor 96 which fits
compatibly within auger sleeve 98 and is mounted for
rotation within sleeve 98 by bearings 100. Mounted at
the end of the auger shaft is a sprocket 102 adapted to be
driven by chain 104. Chain 104 is driven by a corn feed
motor drive generally shown in phantom in FIG. 2 as
106. Corn feed motor 106 is a constant speed motor
adapted to be intermittently operated under the control
of temperature sensing means located within the popping
device 44 as will be described hereinafter and thereby
control the rate at which raw unpopped kernels are fed
by the auger 96 through auger sleeve 98. Although an
intermittent feed of raw unpopped kernels may be pro-
vided by the motor drive 106, a variable speed motor
may alternatively be employed in which case the motor
drive will also be operated in accordance with signals
from the temperature sensing means.

Kernels issuing from the kernel feeding means are
introduced into a substantially vertical duct of a manifold
shown in detail in FIGS. 8 and 9. Auger sleeve 98 fits
complementarily within corn feed port 197 of a manifold
housing generally designated as 188 for the kernel pop-
ping means. Manifold housing 108 has a number of
ports besides the corn feed port 107, viz.: corn reject
port 112, hot air inlet port 114, return air outlet port 116.
The ports 107 112, 114, and 116 all communicate with a
vertical duct 118 adapted to convey hot gas (air) up-
wardly past the corn feed port 107. Here the hot gas
entrains raw unpopped corn kernels and transports them
upwardly through the duct 118 into the popping chamber
defined. Thi§ duct snugly receives a lower cylindrical
section 12¢ of an integral thermoswitch housing 121, hav-
ing a frusto-conical upwardly flaring inner surface 122,
which in fturn communicates integrally with a larger di-
ameter cylindrical sleeve 123, receiving the lower ex-
tremity of a tubular transparent glass elongated wall por-
tion 124,
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The cylindrical inner surface of the tubular wall por-
tion 124 defines the major region wherein the corn kernels
are suspended and agitated under the influence of hot air
coursing upwardly through the duct 118. A tubular glass
section 126 of reduced diameter (ref. FIG. 3) communi-
cates integrally with cylindrical section 124 through neck
portion 128. To mount and seal the cylindrical section
124 within the cylindrical sleeve 123, a resilient sealing
ring 130 is deposited in seat 132 and retained by a suit-
able annular retaining collar.

It is important in regulating and controlling the move-
ment of the air or gas to make sure that it meets certain
definite and distinct requirements. First, the raw or un-
popped kernels are delivered into a first transporting zone
(viz, duct 118) in which the velocity of the air stream
must be sufficient to insure the positive elevation of the
kernels to a superposed heated popping zone. The air
velocity necessary to accomplish this transportation is
readily determinable according to the knowledge and ex-
perience of the art of pneumatic conveyors. The fiota-
tion velocity is a function of the diameter and specific
gravity of the kernels and the transportation velocity
ordinarily should be at least twice the flotation velocity.
It can be provided, according to the general formula
Q=AV, by regulation of gas blowing means 64 or other
circulation device to supply a quantity of air Q, and by
confining the moving body of air in a stream the area A
(duct 118) of which bears such a relation to the guantity
Q as to provide the desired velocity V, the raw kernels
being conveyed into this moving current by any appro-
priate mechanical means such as kernel feeding means 76.

Tt is very desirable that the aforesaid tranmsporting
velocity V be maintained up close to the entrance of the
popping zone (section 124), not only to insure delivery
of the raw kernels to the popping zone, but also to make
sure that unpopped kernels are suspended and agitated
therein and are not blown back down and out of the zone
as explained below. On the other hand, in order to in-
sure that the kernels remain in the popping zone long
enough to be heated and popped, the exit velocity V;
from this zone preferably is somewhat less than the flota-
tion velocity for the unpopped kernels. Tt will be evident
that the popping explosion of a kernel may impart sudden
upward or downward accelerations to neighboring indi-
vidual unpopped kernels. To prevent such downwardly
accelerated unpopped kernels from leaving the popping
zone, the velocity V at the entrance to this zone must
provide an upward thrust or pressure against the kernels
which is great enough to resist and overcome such down-
ward accelerations and therefore should be substantially
greater than the flotation velocity to insure the results
described above. To prevent upwardly accelerated
kernels from leaving the zone, the exit velocity V;, is less
than the flotation velocity for a sufficient height that the
upward acceleration is dissipated before the kernels pass
out of the popping zone and accordingly they fall back
into the heated zone.

The reduction in velocity from V to V; may be pro-
vided by independent control of the air circulation in the
two zones, but preferably by slowing down the rapidly
moving inlet air stream due to either one or both of
two causes. The heat required for popping may be pro-
vided in any suitable manner, but where it is supplied by
heating the inlet air, the cooling effect of the raw corn
produces a substantial temperature drop by the time the
air has moved into the popping zone, so that its velocity
is decreased correspondingly. In addition the drop in
velocity is accomplished by substantial enlargement of
the cross section of the stream passing from duct 118
through the popping zone (section 124), the velocity be-
ing reduced thereby according to the general formula
0=AV.

It is desirable that the suspended bed or mass of ker-
nels in the popping zone be maintained in a turbulent con-
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dition. This condition is secured by using the relatively
small diameter, high velocity, inlet air stream somewhat
like a jet, blowing it into or near the bottom of the pop-
ping zone and allowing it to lose velocity as it expands
in eddies and whorls, thus maintaining the mass of sus-
pended kernels in a state of turbulent agitation. This
condition insures uniform heating and popping as the
kernels are suspended and agitated. If the popping zone
is of sufficient height, however, there will be a fairly steady
stream of air leaving the upper end of this zone at the
exit velocity V; so as to minimize the risk of carryover
of unpopped kernels as the result of the aforesaid turbu-
lent agitation. This exit zone may also contain some un-
popped kernels which have been “kicked” upwardly by
the popping explosions of neighboring kernels, but the
exit zone is made high enough to provide for the dis-
sipation without carryover of upward accelerations. Of
course, the air stream leaving the exit zone tends nat-
urally to expand its cross section, and if permitted such
expansion will result in a further reduction in velocity
to a value below V; and consequent added protection
against carryover of unpopped kernels,

When a kernel pops at any point in the popping zone,
it suddenly acquires a size many times larger than the
unpopped kernel and a correspondingly decreased den-
sity. The velocity V, is ample to displace these popped
kernels out of the popping zone, but in some cases it may
be desirable to move the popped kernels away from the
heating zone rapidly to avoid overheating and possible
parching or other undesirable effects, however, and to
this end the cross section of the stream above the popping
zone may be constricted by the use of tubular glass sec-
tion 126 with the result of increasing the air velocity
above V; and removing the popped kernels more quickly.

On inverse acting theremoswitch 134 and a regulating
thermoswitch 136 are mounted vertically in complemen-
tary cylindrical seats 138 and 140, respectively, of hous-
ing 121 by means of set screws 142 and 144, each of the
thermoswitches having adjusting screws 146 and 148. A
substantial portion of the length of inverse acting thermo-
switch 134 occupies the major region of the popping zone.
This inverse acting thermoswitch functions to sense the
temperature of the mixture of hof air and corn in the
popping chamber. By sensing this temperature the switch
energizes and thereby regulates corn feed motor 106
which in turn controls the rate of feed of corn to the
popping zone. This in turn adjusts and thereby controls
the temperature of the air-kernel mixture in the popping
zone. Thus, if the temperature of the heated gas and
corn mixture in the popping zone rises, the inverse acting
thermoswitch will close its contacts and energize motor
drive 106 which in turn feeds new corn into the popping
zone by means of kernel feeding means 76. This new
supply of corn enters the duct 118, is transported to the
popping zone and serves to lower the temperature of the
mixture to a point where the contacts of inverse thermo-
switch 134 will open and stop corn feed. In this way the
temperature of the air-corn mixture in the popping zone
is automatically regulated.

The regulating thermoswitch 136 controls the maxi-
mum temperature of heat supplied to the popping zone.
As will be explained hereinafter, in the later stages of
the operating cycle of the present apparatus a timing
switch stops operation of the kernel feeding means 76
so that further introduction of raw unpopped kernels to
the duct 118 is terminated. Consequently, since no ad-
ditional corn is being introduced to the popping zone and
since corn is continually being popped therein and re-
moved from the popping zone the tendency is for the
temperature of the gas-corn mixture therein to rise. The
regulating thermoswitch 136 serves as a means for regu-
lating maximum temperature during this later part of the
cycle and thereby assures quality popped corn. This is
accomplished by the regulating switch 136 opening con-
tacts to a part of the gas heating means.
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As will be apparent hereinafter the popping operation
is not prolonged but rather is interrupted at intervals by
a short period during which rejects or “old maids” ac-
cumulating in the popping zone can be discharged through
the duct 118 into a reject tube 159 fitting into a reject
port 112 of housing 108. A flapper gate 152 is carried
by an arm 154 on a shaft 156 which is adapted to be
rocked under the control of solenoid 158 connected ec-
centrically to the shaft 156 in any suitable way, which
serves to open the flapper gate against the tension of
spring 159 and allow discharge of unpopped corn kernels
into a reject container 48.

The gas heating means 63 and the gas blowing means
64 are shown in greater detail in FIGS. 5, 6 and 7. These
means generally comprise an air blower 162 and an air
heater 164. The blower 162 may be of any suitable de-
sign but preferably comprises an impeller fan 166 having
vanes 167 driven by means of shaft 168 in a blower hous-
ing 170. At the opposite end of the blower shaft is a
pulley 169 continuously driven at a constant rate by means
of endless belt 171 which in turn is driven by pulley 173
mounted on drive shaft 175 of a constant speed motor
177 (ref., FIG. 2). Also mounted on the drive shaft
175 is a fan 179 which serves to circulate air and cool ma-
chine elements outside the insulated housing box 41. The
blower housing has an outlet port 172 which communi-
cates with a heater box housing 174 through plate 176.
Mounted in the housing 174 are five resistance-type car-
tridge heaters 178, which in the wiring diagram of FIG.
224 are identified as 178A, 178B, 178C, 178D and 178E.
Heaters 178B and C operate under the control of regu-
lating thermoswitch 136; and heating element 178E
operates under the control of regulating thermoswitch
189, as will be described hereinafter. The remaining
heating elements 178A and D are adapted to be ener-
gized by a production rate switch to be hereinafter de-
scribed.

Although the inverse acting thermoswitch 134 will
normally prevent undue increase of the temperature of
the mixture of air and corn in the popping zone by sig-
naling for the addition of raw corn which will cool said
mixture, abnormal conditions sometimes occur in which
the load of corn kernels in the popping zone will increase
unduly and thereby dampen or restrict the air flow
through the popping zone. This may happen for ex-
ample during the initial warm-up period as already stated,
the consequent reduction of air flow can in turn bring
about an increase in the inlet air temperature to the gas-
kernel mixture, by increasing the proportion of heat
supplied to the circulating gases relative to the amount
of the circulating gases. The quality of the product
would then suffer due to reduced agitation and mixing
of the product, consequent poor heat transfer, and ex-
tension of the required popping cycle. This coupled with
the rise in inlet air temperature could occasion drying
out of the kernels before they are popped and this in
turn would cause the temperature of the mixture to rise
with a reduced rate of popping. Also, the temperature
rise could further burden the popping chamber and cause
self-aggravation and malfunctioning of the operation,

To prevent the occurrence of such abnormal deleterious
effects, the overheat sensing means mentioned above are
provided. These means may for example comprise a
regulating thermoswitch 180 which deenergizes resistance
heater 178E should the inlet air temperature tend to be-
come too high, and thus reduces the inlet air tempera-
ture which causes the inverse-acting thermoswitch 134 to
terminate the feed of kernels and maintain proper equilib-
rium between kernels and heat thereby maintaining high
quality of product. In this way overloading of the pop-
ping chamber with raw corn kernels is avoided.

As already described, the regulating thermoswitch 136
located in the popping zone provides another means for
preventing overheating by breaking the circuit energizing
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the resistance heaters 178B and C. When both such over-
heat sensing means are employed, the thermoswitch 180
can be made responsive to the temperature of the circulat-
ing gases, and the regulating thermoswitch 136 is pref-
erably set at a temperature higher than the setting of the
inverse thermoswitch 134 located in the popping tube in
order to control the maximum temperature of the air-
kernel mixture in the popping zone near the end of a cycle
when feeding of raw kernels is terminated automatically
or stopped by the operator at the latter’s election. Thus,
when the kernel feeding means 76 are inoperative the
corn kernels can no longer be employed to cool the hot
air introduced to the popping zone so that the inverse
acting thermoswitch 134 will no longer be effective in
controlling the maximum temperature of the gas-air mix-
ture in the popping zone. At this point, therefore, the
regulating thermoswitch 136, sensing the increase in tem-
perature which will occur due to the diminishing quantity
of suspended and agitating corn in the popping zone, will
break the resistance heaters 178B and C from circuit
and thereby limit the temperature to a predetermined
setting.

As the popped kernels are conveyed upwardly through
the cylindrical sections 124 and 126 and are deflected
radially outwardly and downwardly by the domed jar
42 they descend downwardly through the manifold 108
by means of a chute 181 defined between the manifold
duct 118 and a frusto-conical manifold wall portion 182
which communicates integrally with a cylindrical section
184 passing through the insulated bottom 68 of the in-
sulated housing box 41 and the floor 72 of the display
case 30. The popped kernels falling downwardly through
the manifold eventually drop onto a mixing tray (FIGS.
19, 20 and 21) adapted to mix salt and/or seasoning with
the popped corn. The heated air circulating upwardly
through the popping zone is also deflected radially and
downwardly by the domed jar 42 and is separated by
means of a screen 186 (FIG. 3) mounted in the manifold
108 as shown in FIGS. 8 and 9 upstream from the re-
turn air port 116. Inserted in return air port 116 is a
duct 188 which connects the return air port 116 with port
190 of impeller fan 162 thereby providing means for
continuous recirculation of heated air through the gas
blowing means 64 the gas heating means 63 and the pop-
ping chamber.

The mixing tray 192 is fixedly mounted on a stationary
post 195 by means of a captive screw 196 as shown in
FIG. 20. The post 194 in turn is mounted through anchor
bolts 198 to floor 72 of the display case and serves to
journal at 200 and 202 a rotatable hollow shaft 204 at
the lower extremity of which is mounted a mixing spider
206 (ref., FIG. 21). At the upper extremity of the
spider shaft 204 is a sprocket 208 driven by a sprocket
210 through intermediation of chain 212 (ref., FIG. 2).

The chain 212 also serves to drive sprocket 214 mounted
on an oil (seasoning) metering shaft 216 (ref., FIGS.
16-18) housed within oil metering housing 218 mounted
on floor 72 by bolts 220. Thus the chain 212 drives the
mixing spider 206 and the oil metering shaft 216 and is
in turn driven through intermediation of sprocket 210
by constant speed motor 222 mounted on display case
floor 72 by bolts 224.

The oil metering housing 218 (ref., FIG. 16) is con-
nected by fitting 226 passing through a hole 227 in the
display <case floor 72 to pipe 228 which in turn connects
to a solenoid valve 230 controlling the flow of seasoning
oil to the oil metering means. The solenoid valve in turn
is connected by means. of a fitting 232 passing through the
side wall 66 of the insulated housing box 41 with a tube
234 which in turn connects with fitting 236 in the floor
of reservoir or tank 38 (ref., FIGS. 13, 14 and 15). The
fitting 236 is connected to a cylindrical filter screen 238
mounted in the floor 240 of the seasoning reservoir.
Mounted on the underface of this floor 240 is an electrical
ring heater 242 having terminals 244, 246 and which is



3,204,546

11

resiliently mounted by a supporting member 248 through
intermediation of bolt 250 and screw 252. Also mounted
on the floor 249 of the reservoir is a regulating thermo-
switch 254 which serves to control the temperature of
the seasoning oil by regulating the temperature of ring
heater 242. As the seasoning melis (this can be ob-
served through window 243 in reservoir 38) it passes
through the cylindrical filter 238, the floor of reservoir
240 and the tube 234 to the solenoid valve 230 which is
operated under the control of the inverse thermoswitch
134. When switch 134 senses an elevated temperature
in the popping chamber and operates to deliver corn by
the kernel feeding means 76, the solenoid valve 230 is
simultaneously energized and opened to allow said season-
ing oil to flow through the pipe 228 to the seasoning meter-
ing housing 218.

The housing 218 has a lateral port 256 which is adapted
to intermittently register with a transverse port 258 in
metering shaft 216 as the latter rotates. A vertical dis-
charge port 260 is also provided in the lower extremity of
metering shaft 216 and is preferably centrally located
therein. This discharge port 260 intersects with transfer
port 258 to accept and deliver seasoning oil as it is in-
termittently fed to rotating port 258 by port 256. Oil
metering shaft 216 can be displaced upwardly or down-
wardly in its housing 218 by means of an adjusting screw
262 seated in an annular recéss 264 at the end of shaft
216. By adjusting the height of the port 258 in relation
to the port 256 as shown in FIG. 17, the amount of sea-
soning oil receivable within the rotating port 258 is regu-
lated and in that way the rate at which the oil is discharged
onto the mixing tray 192 can be further controlled.

The salt metering means are shown more fully in
FIGS. 10-12. A transparent salt box 270 filled with
salt rests within and is supported on salt box support
272 which is anchored to the top of the display case 30
by suitable means shown at 274. The bottom of the salt
box consists of a screen 276 through which finer particles
of salt pass. The salt passes through screem 276 and
falls into funnel 278 which is seated within flexible tube
280. The flexible tube in turn has seated therein a
complementary metering tube 282 which receives the
salt and guides it onto knurled metering wheel 284. The
lower extremity of metering tube 282 is shaped arcuately
50 as to evenly surround a segment of the metering wheel
284 which is driven by motor 286 through intermedia-
tion of horizontal shaft 288. Mounted on shaft 288
are a pair of pins 290, 292 which are adapted to engage
and deflect leaf spring 294 fixedly attached to bracket
296 embracing metering tube 282.

As in the case of the solenoid valve 230, when the
inverse acting thermoswitch 134 operates corn kernel
feeding means 76, the salt metering motor 286 drives
shaft 288 to deflect leaf spring 294 by means of pins
290 and 292 and thereby vibrates flexible tube 280
through intermediation of bracket 226 to promote supply
of salt through metering tube 282 onto knurled metering
wheel 284, whereon any lumps of salt passing screen
276 are broken up. ‘The knurled wheel 284 then conveys
the salt particles into a position where they will fall
freely within salt metering housing 298 through the floor
72 of the display case and onto the mixing tray 192.
The gap between the metering tube 282 and the metering
wheel 284 can be adjusted by adjusting the elevation of
the metering shaft 288 and motor 286 which is mounted
on bracket 308, which in turn is adapted to be moved
up or down by adjusting screw 382. This is accom-
plished by fixedly mounting on bracket 388 a screw 304
which is threaded into bushing 386 mounted on plate 308
and attached to floor 72. As the screw 304 is rotated
to displace the bracket 309 upwardly and in turn close
the gap between wheel 284 and tube 282, the head of
set screw 302 will abut the lower face of bushing 3¢6.
To widen the gap between the wheel 284 and the tube
282, screw 304 is rotated in an opposite direction until
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the bracket 300 abuts the upper extremity of bushing
306. In this way stalling of motor 286 by too close a
gap between the wheel 284 and the tube 282, or over-
flow of salt by too wide a gap therebetween is prevented.

To accommodate for the minor adjustment occasioned
by vertical displacement of shaft 288 and also provide
a moisture-proof gland or packing at the point of entry
of the shaft into metering housing 298, a flexible grom-
met 308 surrounds shaft 288 and is mounted on housing
298 by means of plate 310.

The operation of the corn popping apparatus will now
be described, in the course of which description reference
will be made to FIGS. 22a and 22b comprising a wiring
diagram for the apparatus. The control circuitry can
be oriented with respect to the mechanical features of
the apparatus by reference to terminal board 311 (ter-
minals 1-23), terminal board 313 (terminals 24-35),
terminal board 315 (terminals 36-52), terminal board
317 (terminals 53-64), and terminal board 319 (ter-
minals 70-75), which are seen to be mounted on floor
72 in FIG. 2. The operator places main switch 312,
corn and seasoning switch 314, and lights and dryer
switch 316 to the “On” position, and places the produc-
tion rate switch 318 to the “High” position to obtain a
maximum rate of warm-up; these switches are located on
control panel 312. In closing the switches 312, 314
and 316 and placing switch 318 in the “High” position,
the seasoning heater 242 is energized through thermo-
switch 254, all heaters 178A, 178B, 178C, 178D, 178E
in heater box 164 are energized, time delay motor 321
is de-energized closing normally closed switch 320, the
timer motor 322 of timer assembly 324 is energized, the
cooling fan motor 326 mounted on the back panel of
display case 30 (ref., FIG. 2) is energized, the constant
speed motor 222 driving the spider 206 and the oil meter-
ing shaft 216 is energized, the gas blower drive motor
177 is energized, the reject solenoid 158 is energized to
close the flapper gate 152 against the tension of spring
159, corn dryer motor 328 and dryer-heater 329 are
energized, fluorescent lights- 330, 332, 334, 336, the spot
light 40, and the flood lights 338, 340 are energized.

After approximately a ten minute interval, during
which hot air is circulated through the heater box 164
and the popping chamber and recirculated therethrough,
the temperature in the popping chamber will reach a
pre-selected temperature corresponding to the tempera-
ture setting of the inverse acting thermoswitch 134, at
which time the contacts of switch 134 close energizing the
following: corn feed motor 106, salt feed motor 286,
and seasoning solenoid valve 230. Thereupon kernel
feeding means 76 introduces raw, unpopped corn kernels
into the stream of upwardly moving hot air in duct 118
air-veying the kernels into the popping chamber where
they are suspended and agitated for a period of time
sufficient to heat and pop them, whereafter they are
air-veyed up through and out of cylindrical section 124
into dome jar 42 and are deflected radially and thence
downwardly by the jar 42 onto the mixing tray 192, the
popped corn being prevented from entering the gas blow-
ing and gas heating means by screen 186. After being
deposited upon the mixing tray 192, the popped. kernels
are mixed by means of rotating spider 206 with the sea-
soning and salt deposited thereon by the salt metering
means and the seasoning metering means. After a period
of mixing, the seasoned and salted popped corn is then
displaced from the stationary tray 192 through the cut-
out gap provided in the cylindrical wall portion thereof
193. The salted and seasoned popped corn then falls
into the display case from which it can be scooped as
described above. During this popping operation, un-

-poppable corn kernels will continue to collect in the

popping zone.

Simultaneous with the aforesaid corn kernel feeding
and air-veying operation, the temperature of the air-ker-
nel mixture in the popping chamber will drop by virtue
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of the addition of raw corn until the temperature is
reduced to a point where it causes the inverse thermo-
switch 134 to open and to de-energize the corn feed
motor 106, the salt feed motor 286 and the seasoning
solenoid valve 230. The aforesaid conditions are there-
after repeated, during which time corn is continuously
popped, salted, seasoned and dropped into the display
case 30. At this point it should be understood that the
operating cycle can be terminated at any time simply
by throwing the main switch 312 to the “Off” position,
at which point time delay means to be hereinafter de-
scribed function for a time to continue popping corn in
the popping chamber. . Furthermore, the starting of the
machine may also take place at any point during the
cycle consisting of fifteen minutes in this particular case.

After a number of intermittent feedings which pro-

vide a continuous and appetizing fountain-like shower of
popped corn in the transparent spotlighted jar 42, a point
of time is eventually reached when it becomes desirable
to automatically reject those unpoppable corn kernels
which accumulate and are suspended in the popping cham-
ber, burden the popping capacity of the unit, prolong the
mean popping time for the kernels, and affect the quality
of the poppable corn. To terminate the operating cycle,
the time cycle motor 322 de-energizes the corn feed motor
106 by means of a cam (not shown) which opens switch
341 of timer assembly 324. Thereafter corn is no longer
fed into the duct 118. During this period, the seasoning
solenoid valve 230, the salt feed motor 286 and the vari-
ous heaters 178 in heater box 174 continue to operate.
After a period of about a minute, the salt feed motor
286 and the seasoning solenoid valve 230 are de-energized
by means of timer motor 322 opening switch 343 in the
manner in which switch 341 is opened, thereby terminat-
ing the metering of seasoning and salt for a period of
about two minutes. After the salt feed motor 286 and
the seasoning solenoid valve 238 are de-energized about
an additional forty-five seconds transpire to pop the resid-
ual load of corn in the popping zone. Thereafter the
‘reject solenoid 158 and the blower motor 177 are simul-
taneously de-energized by timer motor 322, which in turn
opens switch 345; the de-energizing of blower motor 177
and reject solenoid 158 brings about opening of flapper
gate 152 and allows unpopped kernels or “old maids” to
drop through the duct 118 into reject collecting container
46, as seen in FIG. 2. Thereafter timing motor 322 while
still energized or closes switch 345 which energizes blower
motor 177 and reject solenoid 158 to allow flapper gate
152 to close under-tension of spring 159. A slight delay
of about fifteen seconds takes place after which time the
time cycle motor 322 closes switch 341 to re-energize corn
feed motor 106. Thereupon the operation of the corn
feed motor 106 is again controlled by the operation of
the inverse acting thermoswitch 134 in the popping
chamber.

From the point of time that the corn feed motor 106
is re-energized about one minute transpires before timing
motor 322 closes switch 343 to operate seasoning solenoid
valve 230 and salt feed motor 286 to resume the season-
ing and salting of popped corn. This description com-
pletes a typical warm-up cycle. The second, third, fourth,
etc. cycles will consist of fifteen minute cycles in this
particular operation. Upon reaching about the fourth
cycle, equilibrium conditions and normal control opera-
tions will be achieved. Normal operating cycles will be
substantially like that of the aforesaid warm-up cycle ex-
cept for the ten-minute warm-up period.

Of course, either the warm-up cycle or any subsequent
¢ycle may be modified by operation of the control thermo-
switches 136 and/or 180 as already described. For exam-
ple, if during a normal or “equilibrium” operating cycle, a
build-up of unpopped corn kernels should occur in the
popping chamber and cause restriction of air flow and in-
crease in the air temperature, the regulating thermoswitch
180 will sense this elevation in temperature and open at
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a predetermined setting to de-energize heater 178E. This
may also occur during the warm-up cycle. By de-energiz-
ing the heater 178E, the maximum temperature of the
heated air introduced to the popping zone is limited so as
to avoid poor quality popped corn.

As described above, the thermoswitch 136 in the pop-
ping chamber serves to reduce the rapid increase of air
temperature and usually is set so as to be effective dur-
ing that portion of the cycle when kernel feed is termi-
nated. However, it also prevents excessive temperatures
of the air-corn ‘mixture in the popping chamber stem-
ming from any other cause such as an accumulated bur-
den of unpopped corn kernels therein; and with a suitable
setting, this thermoswitch 136 functions in substantially
the same manner as switch 180, cooperating with the
switch 134 in maintaining the proper relationship between
the kernels and the heat necessary to pop them. Such
regulation is achieved by switch 136, whatever its setting,
by de-energizing heaters 178B and 178C at the prede-
termined temperature.

In the event of failure of blower motor 177, overheat
thermoswitches 347 and 349 are provided in order to
break the circuit energizing all of the heaters contained
in the heater box, to wit, heaters 178A, B, C, D and E.

Should the operator desire to alter the production rate
from a high rate to a medium or low rate, the production
rate switch 318 is placed in the medium or low position.
Thus, at a low production rate two of the five heaters 178
are disconnected electrically, and in the case of a medium
production rate, one heater is disconnected, thereby re-
ducing the supply of heat to the air-corn mixture in the
popping chamber, which, in turn, reduces the rate at which
corn is being fed intermittently to the duct 118 under
the control of the inverse acting thermoswitch; and since
the inverse thermoswitch for the most part controls the
rate of seasoning and salting through seasoning solenoid
valve 230 and salt feed motor 286, respectively, the rate
at which popped corn is seasoned and salted is correspond-
ingly reduced resulting in a controlled proportion of sea-
soning and salt to popped corn at all operating production
rates.

If the demand for popped corn will not be so great as
to require continuous operation of the machine through-
out the day, the operator may wish to suspend the corn
popping operation temporarily, that is, interrupt the feed
of raw kernels of corn, salt and seasoning; however, the
operator may wish to maintain the machine in a warm,
ready-to-run condition. This is done by throwing the
corn and seasoning switch 314 to the “Off” position which
de-energizes the salt feed motor 286 and the seasoning
solenoid valve 230 as well as corn feed motor 106. It
will be noted that the switch 312 during this period is
in the “On” position so that the various heaters 178 in
heater box 164 will be operable in accordance with the
setting of production rate switch 318 and with the tem-
perature settings of the respective thermoswitches 180
and 136; of course, any popping occurring of residual corn
kernels during this shutdown period will remain under
the eontrol of the thermoswitches 136 and 186.

To terminate the operation of the machine at any
chosen time, the operator simply throws the main switch
312 to the “Off” position. This de-energizes the season-
ing solenoid valve 230, the salt feed motor 286, the corn
feed motor 106, the heaters 178 in heater box 164, and
the seasoning heater 242. Placing the main switch 312
in the “Off” position also energizes the time delay motor
321, which, in turn, opens time delay switch 320 ap-
proximately' 90 seconds later. Upon the opening of
switch 320, the blower motor 177 is de-energized as is
the reject solenoid 158 (to disperse “old maids” as afore-
sajid) and the seasoning tray motor 222. At the option
of the operator, the corn drier motor 328 and the various
lights such as the spotlight 48 and the various fluorescent
lights as well as the floodlights can be turned off simply
by placing the switch 316 in the “Off” position.



8,294,546

15

A preferred embodiment of the corn popping appa-
ratus of the present invention and its mode of operation
has now been fully described. While the invention has
been explained by reference to one preferred embodi-
ment, it will be understood that other means may be em-
ployed to accomplish the same result and yet will be
embraced by the spirit of the invention. Thus, instead
of the various constant speed motors which operate in-
termittently, to wit, the corn feed motor 166 and the
salt feed motor 286, variable speed motors may also be
substituted therefor, all of such motor means being em-
ployed to control the respective rates of operation. Like-
wise, in lieu of the seasoning solenoid valve 230 which
operates intermittently under the control of signals from
the inverse acting thermoswitch 134, an equivalent ad-
justable valve mechanism operating more or less com-
tinuously may be substituted therefor.

Furthermore, the invention should be understood in
its broadest aspect as embracing novel means for continu-
ously regulating the rate at which heat is supplied to pop-
corn kernels; more specifically, in its broadest aspects, the
invention incorporates into a continuous kernel popping
apparatus means for regulating the temperature of heated
gas, e.g., air, in accordance with the rate at which kernels
of corn are introduced to the popping operation. The
invention has been described in detail in terms of novel
means for sensing the temperature of the gas-kernel mix-
ture in the popping chamber and thereby regulating the
feed of corn kernels to the popping chamber, this being
accomplished through the control exercised by the inverse
acting thermoswitch 134 over the corn feed motor. The
location of this sensing means in the floating bed itself,
as well as its use to regulate corn feed instead of heat
supply, are important features of the invention for reasons
set forth above.

While the present invention has been described with
particular reference to specific examples, it is not to be
limited thereby, but reference is to be had to the ap-
pended claims for a definition of its scope.

What is claimed is:

1. Kernel popping apparatus comprising a housing, a
popping device including a duct disposed vertically within
said housing and having an open upper end, means for
blowing hot gas into the lower end of and upwardly
through said device, means for recycling said hot gas to
said blowing means, means for feeding raw kernels into
said device down stream from said blowing means, said
blowing means producing a gas velocity sufficient to
maintain continuously in said device a bed of unpopped
kernels through which gas is circulated to maintain the
individual kernels in suspension and agitation while sup-
plying unpopped kernels to said bed and carrying popped
kernels out of the open upper end of said device, means
upstream from said device for supplying to said circulating
gas a quantity of heat normally sufficient to pop suspended
kernels at substantially the rate at which unpopped ker-
nels are delivered to said bed, means responsive to the
temperature in said bed for increasing said rate of de-
livery when the temperature in said bed exceeds a pre-
determined minimum value and for decreasing said rate
of delivery when the temperature in said bed is below a
predetermined minimum value, said heating means in-
cluding a plurality of heating units, and means for de-
energizing certain of said units thereby decreasing the
amount of heat supplied to said gas and decreasing the
temperature in said bed below said predetermined mini-
mum value to decrease the production rate of the appa-
ratus.

2. Kernel popping apparatus comprising a housing, a
popping device including a duct disposed vertically within
said housing having an open upper end, means for blow-
ing hot gas into the lower end of and upwardly through
said device, means for recycling said hot gas to said
blowing means, means for heating said gas prior to its
return to said device, means for feeding raw kernels into
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said device down stream from said blowing means, said
blowing means producing a gas velocity sufficient to main-
tain continuously in said device a bed of unpopped ker-
nels threugh which said gas is circulated to maintain
the individual kernels in suspension and agitation while
supplying unpopped kernels to said bed and carrying
popped kernels out of said open upper end, said heating
means supplying to said gas a quantity of heat normally
sufficient to pop suspended kernels at substantially the
rate at which unpopped kernels are delivered to said bed,
means responsive to the temperature in said bed for
regulating said heating means to prevent the tempera-
ture of the gas blown into said device from exceeding a
predetermined temperature, means responsive to the tem-
perature in said bed for varying the quantity of unpopped
kernels fed to said device and thereby compensating for
fluctuations of the popping temperature in said bed, said
last named means increasing the rate of feed of said
kernels when the temperature in said bed exceeds a pre-
determined minimum value and decreasing said rate of
feed when the temperature in said bed is below a prede-
termined minimum value, said heating means including
a plurality of heating units, and means for deenergizing
certain of said units thereby decreasing the amount of
heat supplied to said gas and decreasing the temperature
in said bed below said predetermined minimum value
to decrease the production rate of the apparatus.

3. Kernel popping apparatus as defined in claim 2, said
predetermined temperature being greater than said prede-
termined minimum temperature.

4. Kernel popping apparatus comprising a housing,
a popping device including a duct disposed vertically
within said housing and having an open upper end, means
tor blowing hot gas into the lower end of and upwardly
through said device, means for recycling said hot gas to
said blowing means, means for heating said gas prior
to its return to said device, means for feeding raw ker-
nels into said device down stream from said blowing
means, said blowing means producing a gas velocity
sufficient to maintain continuously in said device a bed
of unpopped kernels through which said gas is circulated
to maintain the individual kernels in suspension and agi-
tation while supplying unpopped kernels to said bed and
carrying popped kernels out of said open upper end, said
heating means supplying to said gas a quantity of heat
normally sufficient to pop suspended kernels at substan-
tially the rate at which unpopped kernels are delivered
to said bed, means sensing the temperature of the gas
in said heating means and regulating the same to maintain
the temperature of the gas blown into said device below
a predetermined temperature, means sensing the tempera-
ture of the :gas-kernel bed in said device and increasing
the rate at which kernels are fed thereto when the tem-
perature in said bed reaches a predetermined minimum
value and decreasing said rate when said temperature
is below a predetermined minimum value, said heating
means including a plurality of heating units, and means
for deenergizing certain of said units thereby decreasing
the amount of heat supplied to said gas and decreasing
the temperature in said bed below said predetermined
minimum value to decrease the production rate of the
apparatus.

5. Kernel popping apparatus comprising a housing,
a popping device including a duct disposed vertically with-
in said housing and having an open upper end, means
for blowing hot gas into the lower end of and upwardly
through said device, means for recycling said hot gas
to said blowing means, means for feeding raw kernels into
said device down stream from said blowing means, said
blowing means producing a gas velocity sufficient to
maintain continuously in said device a bed of unpopped
kernels through which said gas is circulated t0 maintain
the individual kernels in suspension and agitation while
supplying unpopped kernels to said bed and carrying
popped kernels out of said open upper end, means up-
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stream from said device for supplying to said circulating
gas a quantity of heat normally sufficient to pop sus-
pended kernels at substantially the rate at which unpopped
kernels are delivered to said bed, means sensing the tem-
perature of the gas-kernel mixture in said bed for vary-
ing the quantity of kernels fed to said bed to thereby
compensate for fluctuations of the popping temperature
in said bed, said last named means increasing the rate of
feed of said kernels when the temperature in said bed
exceeds a predetermined maximum value and decreasing
said rate of feed when the temperature in said bed is be-
low a predetermined minimuwm value, said heating means
including a plurality of heating units, means for de-ener-
gizing certain of said units thereby decreasing the amount
of heat supplied to said gas and decreasing the tempera-
ture in said bed below said predetermined minimum
value to decrease the production rate of the apparatus,
and means for supplying flavoring material to said popped
kernels, said flavor supplying means also being controlled
by said sensing means to supply flavoring material to said
popped kernels in accordance with the rate at which
unpopped kernels are fed to said device.

6. Kernel popping apparatus as claimed in claim 5,
said flavor supplying means comprising means for de-
livering measured quantities of salt to the popped kernels.

7. Kernel popping apparatus as defined in claim §, said
flavor supplying means comprising means for deliver-
ing measured quantities of liquid seasoning to the popped
kernels.

8. Kernel popping apparatus comprising a housing,
a popping device including a duct disposed vertically
within said housing and having an open upper end, means
for blowing hot gas into the lower end of and upwardly
through said device, means for heating and recycling
said hot gas to said blowing means, means for feeding
raw kernels into said device down stream from said blow-
ing means, said blowing means producing a gas velocity
sufficient to maintain continuously in said device a bed
of unpopped kernels through which said gas circulates
to maintain the individual kernels in suspension and agi-
tation while supplying unpopped kernels to said bed and
carrying popped kernels out of said open upper end, said
heating means supplying to said gas a quantity of heat
normally sufficient to pop suspended kernels at substan-
tially the rate at which unpopped kernels are delivered
to said bed, means responsive to the temperature in said
bed for increasing said rate of delivery of unpopped ker-
nels thereto when the temperature in said bed exceeds a
predetermined minimum value and for decreasing said
rate of delivery when the temperature in said bed is be-
low a predetermined minimum value, said heating means
including a plurality of heating units, means for deener-
gizing certain of said units thereby decreasing the amount
of heat supplied to said gas and decreasing the tempera-
ture in said bed below said predetermined minimum value
to decrease the production rate of the apparatus, means
terminating operation of said feeding means while said
blowing means continue to operate, and second means
responsive to the temperature in said bed and operative
at a predetermined temperature higher than said minimum
value to control the amount of heat supplied by said heat-
ing means during the kernel feed termination period.

9. Kernel popping apparatus comprising means form-
ing a closed circulating path for heating gases, a popping
device forming a vertically disposed part of said path
whereat popped kernels are separated from unpopped
kernels, means for delivering raw unpopped kernels to
said path upstream from said device at a variable rate,
gas blowing means in said path for circulating the gases
through said device at a velocity sufficient to maintain a
bed of said unpopped kernels in suspension and agitation
in said device, said gases passing upwardly past the point
of delivery of said kernels and upwardly through said de-
vice, means in said path further upstream from said device
than said point of delivery for supplying heat to said
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circulating gases, and temperature-responsive means lo-
cated in said bed in said device to control said kernel
delivery imeans to vary said rate of delivery directly pro-
portional to variations of temperature in said bed, popped
kernels being carried upwardly away from said bed by
said upwardly circulating gases.

10. Kernel popping apparatus as defined in claim 9,
including temperature-responsive means exposed to the
temperature of said circulating gases in said bed and op-
eratively connected with said heat supplying means for
reducing the supply of heat to said gases whenever their
temperature reaches a predetermined maximum.

11. Kernel popping apparatus as defined in claim 10,
including timing means for interrupting operation of said
kernel delivery means after a predetermined period of
popping and for a predetermined interval.

12. Kernel popping apparatus as defined in claim 11,
said timing means being also operable to interrupt the
operation of said gas blowing means after a portion of said
interval has elapsed, thereby permitting discharge of re-
maining unpopped kernels by gravity from said popping
device.

13. Kernel popping apparatus as defined in claim 9,
including means for delivering flavoring material to said
popped kernels, said flavor delivering means being con-
trolled by said temperature-responsive means.

14. A method of popping kernels continuously which
comprises circulating hot gas upwardly through a vertical-
ly disposed popping zone in a recirculation path at a
velocity sufficient to maintain a bed of unpopped kernels
in suspension in said zone while air-veying popped ker-
nels upwardly away from said bed in said zone, remov-
ing the popped kernels from said gas and recirculating
the gas to said zone at said velocity while adding heat
thereto from a heat source upstream from said zone at
a constant rate normally equal to the heat losses there-
from, maintaining the temperature of the gas-kernel mix-
ture in said bed at an approximately constant value by
delivering raw unpopped kernels into said path upstream
from said zone and downstream from said heat source
at an average rate varying directly with the temperature
of said gas-kernel mixture in said bed, and limiting the
temperature of said circulating gases to a predetermined
maximum by reducing said rate of heat supply in re-
sponse to increase of the circulating gas temperature
substantially above said approximately constant value.

15. A method of continuously popping kernels which
comprises continuously recirculating hot gases in a closed =
path including a heat supply zone and a vertically dis-
posed popping zone downstream from said heat supply
zone at a normally substantially constant velocity
sufficient to maintain a bed of unpopped kernels in sus-
pension in said popping zone while air-veying popped
kernels therefrom, supplying heat to said circulating gases
in said heat supply zone at a constant rate, replenishing
said bed by delivering raw unpopped kernels into said
path upstream from said popping zone and downstream
from said heat supply zone, regulating the rate of delivery
of said unpopped kernels in response to the temperature
in said bed to vary said rate directly with said tempera-
ture and maintain an approximately constant popping
temperature in said bed, popped kernels being removed
from the circulating gases prior to their return to the
popping zone.

16. A method as defined in claim 15, including the
steps of supplying flavoring materials to the popped ker-
nels and controlling the rate of supply thereof in response
to the temperature in said bed and in predetermined pro-
portion to said rate of delivery of unpopped kernels to
said bed.

17. A method as defined in claim 15, including the
step of discontinuing the delivery of unpopped kernels
to said bed at the end of a predetermined period of op-
eration and continuing the circulation of said hot gases
for a predetermined interval thereafter.
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.18. A method as defined in claim 17, including the
steps of discharging unpopped kernels remaining in sus-
pension after said interval to waste and thereafter re-
suming the delivery of raw unpopped kernels to the
popping zone to reform said bed.
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