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1
HEAT-SEALING APPARATUS

This invention relates to heat-sealing apparatus and more
particularly to the design and arrangement of heater elements
and to means for, controlling the operating temperature of
heater elements, '

Heat-sealable materials, such as plastic and plasticized
materials, when used in packaging may be sealed serially into
pouch-type containers or as separate preformed containers
which are sealed individuaily or in groups. It should be un-
derstood that the principles and teachings of the present in-
vention are applicable to heater elements used with.any form
or method of heat sealing, notwithstanding that the embodi-
ment shown relates to heater elements used for sealing lids
onto separate preformed containers called blisters.

In- blister packaging, preformed. plastic containers are
placed open side upwards in individual openings. called
pockets adapted to receive and hold one or more of them in
position for sealing with: their. edges extending beyond the
opening. The intended. contents are placed in each blister and
a lid is placed over each and sealed to a peripheral flange on,
the blister through a combination of heat and pressure. One
type of heater element takes the form of Nichrome or stainless
steel bands or wires which. are arranged in the. shape. of the
planar outline of the blister at its peripheral flange, Blisters of
different sizes and configurations require different lengths of
heater element to affect a seal about them. The power
required to bring these heater elements to operating sealing
temperature increases as the total leigth of heater element in-
creases. The problem then is to seal blisters of different sizes
and configurations in the same heat sealing machine. One
method is to adjust the power setting of the machine for dif-
ferent blisters. This requires that the machine be adjusted
cach time a blister requiring a different sized heater element is
to be sealed and as a practical matter precludes sealing. dif-
ferent blisters at a mechanized rate. -

Another method is to. have a number of voltage probes seri-
ally arranged in the heat-sealing machine in voltage descend-
ing steps.and a contact button associated with the heater ele-
ments which is prepositioned to make contact with the probe
supplying the.voltage most appropriate for the power require-
ments of that heater element. This arrangement is conducive
to arcing between the probes and the contact button.

In both of these methods there is a:-marked tendency for the
heater elements to overheat and burn out the sheet of nonstick
material placed over them requiring frequent replacement.

Present heater elements are made up of strips or die-cut
forms. In the usual case, a number of blisters are sealed at the
same time. Each is positioned in a separate opening on a rigid
member known as a heat-sealing tray. Each opening.is sur-
rounded by its own heater element having a layer of nonstick
material thereon. The strips or die-cut forms are connected
together by welding or brazing wires to each heater element
piece and soldering these wires to each other. The number of
openings per tray is determined by the size of the package to
be sealed. i

The present method of construction is excessively time con-
suming and costly and is inherently unreliable due to the many
welded and soldered connections. The welded wires, which
pass through access holes in the tray beneath the heater ele-
ment are detrimental in two ways: First, they tend to restrain
the heater element from expanding when hot and thereby
cause undue stress which fatigues the element and causes
breakage of the heater element or the welded connection;
secondly, the wire drains heat from the element causing a
higher than required operating temperature in order to effect
a seal in the area where the weld is made.

An object of this invention is to provide an apparatus for
limiting the operating temperature of heater elements used in
heat sealing applications.

Accordingly, a further object of this invention is to provide
an apparatus for automatically selecting and controlling the
power delivered to heat-sealing heater elements,
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Another object of this invention is to provide means for pro-
tecting nonstick material ‘positioned over heater elements
from burnjng out. ‘

Yet another object of this invention is to provide means for
sealing lids to preformed containers of different sizes, materi-
als, configurations or different combinations of these charac-
teristics, without changing the power setting of the heat seal-
ing machine.

A further object of this invention is to greatly enhance the
ease and economy of manufacture of heat-sealing trays.

An additional object of this invention is to provide heater
elements on heat-sealing trays without welded or. soldered
connections to the heater elements.

Another object of this invention is to eliminate heat drains
from heater elements.

Still- another object of this invention. is to provide a novel
heat-sealing tray in which the heater elements are etched from
afoil of heater material.

These objects are accomplished in the present invention by
an electronic circuit arrangement, including silicon controlled
rectifiers used in full-wave configuration ‘with partial cycle
conduction to maintain a constant root mean square current
which is preset by resistor selection to. yield the required
power. for each heater element. For. the same packaging
material, the power required is based on. the length of the
heater element. The temperature of the heater is sensed by a
thermistor located in close proximity to the heater element.
The thermistor output is applied to a solid-state control circuit
which, when the desired operating temperature is achieyed
removes the control signal from the silicon controlied
rectifiers, removing the flow of current to the heater element.

Advantageously, the temperature control circuit limits the
temperature of heater elements formed by etching the desired
heating current path in a foil of heater ‘material. The foil is
positioned on a substrate which is affixed to the rigid tray.

These. and other objects and features;_ will be fully. un-
derstood . from  the. following detailed = description  taken
together with the annexed drawings in which:

FIG; 1is a system diagram of the electronic circuit.

FIG. 2 is a detailed circuit diagram of one form of the elec-
tronic circuit employing transistor and relay means for. con-
trolling the silicon-controlled rectifiers. '

FIG. 2A is a top view of a heat-sealing machine showing the
tray in loading position. '

FIG. 2B is a side view of a heat-sealing machine showing the
tray in sealing position,

FIG. 2C is an end view of a heat-sealing machine showing
the pressure head and impulse terminals.

FIG. 3 is a detailed circuit diagram of a form of the elec-
tronic circuit. employing diac and triac means for controlling
the silicon-controlled rectifiers.

FIG. 4 is a detailed circuit diagram of another form of the
electronic circuit- employing diac and triac means for con-
trolling the silicon-controlled rectifiers.

FIG. 5is a plan view of an etched heater tray,

FIG. 6, A-F is a partial sectional view through section lines
6—6 in FIG. § at successive stages in its fabrication.

FIG. 7 is a sectional view through section lines 7—7.in FIG.
5 showing the position of the thermistor prpbe.

The system. diagram of the electronic circuit arrangement
for controlling the power and limiting the operating tempera-
ture to heat-sealing heater elements is shown in FIG. 1. A sil-
icon-controlled rectifier circuit 10 is connected between an
AC power source 11 and a heater element 12. A control cir-
cuit 13 also aperates off the power source 11 and is connected
to provide a control signal to the silicon-controlled rectifier
circuit 10, The control circuit 13 has a power adjust resistor
14 therein for controlling the firing. angle of the silicon con-
trolled rectifiers so as to control the pawer to the heater ele-
ment 12; A thermistor 15 is positioned close to the heater ele-
ment 12 and is connected in the control circuit 13 through a
control set resistor 16.

Circuit Qperation
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When power is applied from the AC power source 11 upon
closure of switch 17, and the heater element 12 is below
operating temperature, the thermistor 15 is at a high re-
sistance, delivering no signal to coatrol circuit 13. A control
signal is then allowed to pass to the silicon-controlled rectifier
circuit 10 which applies power to the heater element 12. This
power causes the temperature of the heater element 12 to rise
which causes the temperature of the thermistor 15 to rise.

When operating temperature is reached, the thermistor 15

becomes a low resistance, and delivers a signal to the control
circuit 13 which abruptly removes the control signal from the
silicon-controlled rectifier circuit 10. Lack of control signal to
the silicon-controlled rectifier circuit 10 causes it to block the
flow of current to the heating element 12 from the AC power
source 11 causing no further rise in temperature. Thereafter
the temperature of the heater element 12 will decrease until
the resistance of the thermistor drops to a point where the
control circuit 13 will restore a control signal to the silicon-
controlled rectifier circuit 19. Adjustment of the power is
achieved by selection of resistor 14 based on the length of the
heater element 12.

Control set resistor 16 is used to adjust the correct operat-
ing temperature of the heater element 12. Its primary function
is to provide compensation for normal variation in the charac-
teristics of the control circuit 13, the resistance of thermistor
15 and thermodynamic properties of the heater element 12
and its environment.

The power and temperature control circuit may be arranged
in either of two ways: :

1. Installation on a moveable tray which contains the open-
ing or other means for positioning the blister and the heater
element which is adapted to surround the blister. The control
circuit 13, silicon-controlled rectifier circuit 10, thermistor 15
and control set resistor 16 may be attached to the tray requir-
ing only the application of AC voltage to the tray for opera-
tion.

2. Installation in heat-sealing machine. The control circuit
13 and silicon-controlled rectifier circuit 10 may be
mounted in the heat-sealing machine for use with many
trays.

Power adjust resistor 14, thermistor 15 and control set re-
sistor 16 are mounted to each tray, which requires six electri-
cal connectors between the tray and machine:

two for resistor 14

two for thermistor 15 and resistor 16, and

two for heater element 12

Tables I and II show the proper resistance of the power ad-
just resistor 14 for a heater element 12 formed of %-inch wide
by 0.005-inch thick stainless steel band in the temperature
control circuit shown in FIG. 2. Variation of either width or
thickness will require different resistor values as do the cir-
cuits shown in FIGS. 3 and 4. Table ! applies to a single heater
element or a number of heater elements connected in series to
seal a number of blisters simultaneously. Table Il applies to an
even number of heater elements for sealing an even number of
blisters simultaneously. The heater elements are divided into
two equal sets of serially arranged heater elements which sets
are connected in parallel, e.g. for six heater elements, within
each of two sets of three, heater elements are connected in se-
ries and the sets are connected together in parallel.

TABLE!
HEATER ELEMENTS IN SERIES

Heater Length—inches Resistance of Power Adjust

Resistor

25to 3S 10,000 ohms
351045 8,200
45 10 55 2,700
5510 65 1,000
6510 75 200
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TABLEIl
HEATER ELEMENTS IN SERIES PARALLEL

Heater Length-—inches Rezistance of Power Adjust

Resistor
50to 70 10,009 ohms
70 to 90 8,200
90to 110 2,700
11010 130 1,000
130 to 150 200

The details of the electronic circuit for achieving the system
functions described above will now be described with
reference to FIG. 2, 2A, 2B and 2C.

A power source 11 of a fixed voltage of 50 volts r.m.s. 60
cycles per second has terminals 20, 21 controlled by an on-off
switch 17. A conducting line 22 of 12 gauge wire attached to
the tray connects the heater element 12 to these terminals
through a pair of silicon-controlled rectifiers 23, 24 arranged
in shunt-opposed relationship. The power source 11 and its
terminals 20, 21 are located in the housing 126 of heat-sealing
machine 121. The heater element 12 is located on a moveable
tray 120.which passes on rails 127 between a blister loading
position 121 and a sealing position 122 beneath the pressure
head 123 of the heat-sealing machine. The blister is placed in
an opening 93 in the tray 120 to position it open side upwards
to receive the contents to be sealed within the blister. The
blister has a planar flange which extends beyond the opening
to rest upon the protective layer over the heater element.

Each tray may contain an opening 93 for receiving one
blister or a number of openings 93 for several blisters with the
heater elements surrounding each opening arranged in series
or in series parallel as above described.

At each tray opening, means such as depressible pins 97
hold the sealable cards in place over the blister planar flanges.

The blisters, the container contents and the sealable cards
are loaded onto the tray at a loading position 121 which is ac-
cessible to the operators and away from the pressure head 123
of the heat-sealing machine. After the tray is loaded, it is
passed beneath the pressure head 123 of the heat-sealing
machine. When the tray is moved to the heat sealing position
122, the pressure head becomes actuated by pneumatic pres-
sure cylinder 124 acting against tension springs 125 to apply
pressure to squeeze the cards and the blister flanges against
each other. Then in a successive stage of the heat-sealing cy-
cle, the heater elements are energized to bring them to heat-
sealing temperature, after which the thermal energy is
removed, the pressure is released and the tray is moved out of
the heat-sealing position so that the sealed blister containers
can be removed and the trays reloaded.

The terminals 20, 21 are arranged in the sealing machine to
make contact through suitable connectors 114, 116 in the tray
to lines 22 when the sealing cycle commences. This contact
may be made, as shown, by the use of probes in the sealing
machine and aligned buttons 114, 116 in the tray which come
in contact upon actuation of the pressure head in the heat-
sealing machine. The silicon-controlled rectifiers 23, 24 have
gates 25, 26 which are connected through secondary windings
27, 28 of a transformer 29 to the cathode side 30, 31 of their
respective silicon controlled rectifiers.

Also electrically connected between the terminals 20, 21 is
the pulse-forming circuit comprising series-connected resistor
32 and power adjust resistor 14, a contact 34 of a relay 33, a
capacitor 38, a diac 36 and the primary winding 37 of trans-
former 29.

A third circuit, which has for its purpose to interrupt the
flow of current through the pulse-forming circuit, is also elec-
trically connected between the terminals 20, 21. This circuit
includes the series arrangement of rectifier 38, resistor 39, coil
40 of the relay 33 and transistor 41. Thermistor 15 is con-
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nected between the base of transisior 41 and to the voltage di-
vider arrangement of resistors 42, 43 through the control set
resistor 16. This arrangement is shunted by bias filter capaci-
tor 44, '

Diode 45 is connected across th§ coil 40 at the collector of 5

transistor 41 to suppress the relay arc to protect the transistor.

Operation ‘

When 50 volts r.m.s. is applied through terminals 20, 21
capacitor 35 is charged through resistor 32 and power-ad-
just resistor 14 in series with'contact 34 of relay 33. For
the half cycle when terminal 20 is positive with respect to
terminal 21, capacitor 35 is charged such that its relay
contact side is positive, and the time to charge is regu-
lated by the product of its value and the sum of resistor 32
and power adjust resistor 14, Resistor 32 is a current-
limiting resistor to protect the diac 36. Capacitor 35 will
charge until the voltage across it is sufficient to break
down the diac 36, which is a device that exhibits a nega-
tive resistance characteristic, i.e. once breakdown voltage
is achieved, regardless of polarity, its resistance to flow of
current is sharply reduced. The voltage at which this oc-

~ curs is between 28 and 32 volts. When breakdown of diac
36 occurs, capacitor 35 discharges abruptly through diac
36 causing an impulse of current to flow in the primary
winding 37 of transformer 29. The secondary windings
27, 28 of transformer 29 are connected such that a posi-
tive impulse of voltage appears at the gate 25 of silicon-
controlled rectifier 23. During this half-cycle, the anode
of silicon-controlled rectifier 23 is positive and a positive
gate voltage will cause it to conduct allowing current to
flow through the heater element 12 causing its tempera-
ture to rise. The portion of this half-cycle for which cur-
rent will flow is determined by the values of resistor 32,
power adjust resistor 14 and capacitor 35. Thus silicon
controlled rectifier 23 conducts for a preselected portion
of each half-cycle when terminal 20 is positive.

During the alternate half-cycles when terminal 21 is posi-
tive, capacitor 35 charges in the opposite polarity and the cir-
cuit operates in a like manner except that a positive impulse of
voltage will ‘be applied to the gate 26 of silicon-controlled

rectifier 24 causing it to conduct and to allow current to flow '

through the heater element 12.

Again, the portion of this half-cycle. for which conduction
occurs is controlled by the values of resistor 32, power adjust
resistor 14 and capacitor 35 and i§ the same preselected por-
tion as when silicon-controlled rectifier 23 is conducting.

In both conditions the conduction portion of the cycle is
established in accordance with the length of the heater ele-
ment 12 and is selected to provide an r.m.s. or heating value of
current which is a constant, i.e. the same for all heater ele-
ments regardless of their length, yielding a constant power per
unit length of heater element. Selection is made by selection
of the power adjust resistor 14, for example, as detailed in ta-
bles I and II for the example of a specific type and size of
heater element. :

The alternating current applied 'to terminals 20, 21 is also
rectified by diode 38 and the resulting half-wave-rectified DC
voltage is smoothed by the filter network consisting of resistor
39 and capacitor 44 and applied to the collector of switching
transistor 41 in series with the coil 40 of relay 33, Resistor 39
is also a current-limiting resistor to protect the diode 38. DC
current is also applied through the voltage divider network of
resistors 42, 43 and the series combination of the control set
resistor 16 and thermistor 15 to the base of transistor 41.
When power is first applied, the thermistor 15 is at room tem-
perature and its resistance is very high which allows insuffi-
cient current to flow into the base of the transistor 41 to allow
it to conduet. The thermistor 15 is in close proximity to the
heater element and its temperature will increase as the tem-
perature of the heater element increases. As the thermistor 15
increases in temperature its resistance decreases allowing cur-
rent to flow into the base of the transistor 41, When a tem-

6

perature is reached where base current is sufficient to cause
the transistor 41 to conduct, it switches abruptly to the con-
duction state causing current to flow through the coil 40 of
relay 33 causing its contact 34 to open. Opening of contact 34
prevents current flow to capacitor 35 which will then no
longer supply impulses to the gates 25, 26 of the silicon-con-
trolled rectifiers 23, 24 and no further current will flow
through the heater element 12 and its temperature will no
longer rise.

Control set resistor 16 in series with the thermistor 15 is

- used to-adjust the temperature at which the transistor 41 will
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switch. This-allows for compensation for variations in charac-
teristics between different transistors. 41. If a ' particular
transistor has a low operating point, a larger resistance 16 is
selected to permit less current to flow through the transistor.
Selection of this resistor need only be made once upon the ini-
tial installation of the temperature control unit in the tray.
Once selected it requires no further adjustment. Its value will
most often fall within the range of 5,000'to 15,000 ohms.
When the current flow to capacitor 38 is prevented, the

‘heater element 12 will begin to cool and the thermistor 15 will

increase in resistance until transistor 41 will ‘cut off-and relay
33 will drop out, closing its contact 34. At this point, the cir-
cuit will operate to reheat the heater clement 12. During a
normal heat-sealing cycle, power is -applied to the ‘terminals
20, 21 for only a few seconds after heater shut-off while the
tray is under pressure. The cooldown time of the thermistor 15
is about 15 seconds and therefore only one heater ‘shutoff
operation as above described occurs during ‘each heat sealing
cycle. o

Arcing, which has been experienced with probe and contact
button arrangemets in prior art trays, is eliminated by virtue
of the action of the silicon-controlled rectifiers and the:control
circuit. Arcing will only occur when current is flowing through
the circuit.

The silicon-controlled rectifiers will ‘block the passage: of
current through the heater element circuit for the portion of
the initial cycle of current during which the impulse-forming
portion of the control circuit is charging up. This may be 10
electrical degrees or more depending upon the predetermined
portion of the half cycle for which conduction is established.
Therefore current will not flow upon closure of the probe and
contact button. As above described, current through the
heaterelement circuit is shut off before the heat-sealing cycle
is concluded. Hence the silicon-controlted rectifiers will again
be blocking the flow of current before the probes and contact
buttons are separated.

FIG. 3 shows another embodiment of the temperature con-
trol circuit in accordance with-my invention in which a com-
bination of a diac 50 and a triac 58 replace the combination of
the transistor 41 and the relay 33 of the embodiment shown in
FIG. 2, for cutting off the flow of current to the pulse-forming
capacitor 61.

The circuit which includes the heater element and silicon-
controlled - rectifiers contains the same arrangement of ele-
ments as the circuit in FIG. 2. The pulse-forming circuit con-
nected between terminals 20, 21 comprises series-connected
resistor 59 and power adjust resistor 14, a capacitor 61; a diac
60, the primary winding 62 of a transformer 63 and a triac 58.

A third circuit electrically connected between the terminals
20, 21 which has for its purpose the interruption of the flow of
current through the pulse-forming circuit, includes the series
arrangement of resistors §1 and 52, diac 50, and the gate 57 of
the triac 58. Thermistor 15'is connected between the terminal
21 and the junction of resistors 51 and 52 through the control
setresistor 16.

Operation ‘

The operation of the circuit in FIG. 3 is similar to that of’
FIG. 2 except that the relay portion has been replaced by a
triac solid-state switching device. The impulse-forming circuit
consisting of resistor 59, power adjust resistor 14, capacitor
61, diac 60 and transformer 63 perform exactly the same func-
tion as the similar elements shown in FIG. 1. When power is
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applied to terminals 20, 21 current fiows through resistor 51
and 52, through diac 50 and into the gate 57 of triac 58. Triac
58 will conduct causing current to flow through to capacitor
61 to form impulses to be applied alternately to the gates 55,
§6 of silicon-controlled rectifiers-53 and 54 respectively. At
room temperature, thermistor 15 is a2 a high resistance as the
heater element 12 heats up. As the resistance of thermistor 15
decreases, the voltage at the junction of resistors 16, 51 and
52 will decrease. When a temperature is reached such that the
voltage at that junction is less than the diac 50 breakdown
voltage, current will no longer flow into the gate 57 of the triac
$8. The triac 58 will no longer conduct, preventing current
from flowing through to capacitor 61 and impulses will no
longer be supplied to the silicon-controlled rectifiers 53, 54.

" .Again, conirol set resistor 16 is adjusted to select the
desired temperature at which the power is shut off to the
heater element 12.

FIG. 4 shows a second embodiment of the temperature con-
trol circuit according to my invention using a combination of a
diac and a triac. .

The circuit which includes the heater element 12 and the
silicon controlled rectifiers 77, 78 contains the same arrange-
ment of elements as the circuits in FIG. 2.

Connected between the power terminals 20, 21 are a triac
73 and the primary winding 76 of a saturable transformer 75.
Thermistor 15 is part of a voltage divider arrangement which
includes control set resistor 16 and resistor 71 connected in
series with it across the power terminals 20, 21.

A capacitor 78 is connected through the power adjust re-
sistor 14 to a junction of the voltage divider arrangement. A
diac 72 connects one side of the voltage divider arrangement.
A diac 72 connects one side of the capacitor 70 to the gate 74
of the triac 73.

Operation

With 50 volts r.m.s. applied to terminals 20, 21 circuit
operation is as follows: During each half-cycle when terminal
20 is positive with respect to terminal 21 current will flow
through the phase shift network of resistor 71, power adjust
resistor 14 and capacitor 78, causing capacitor 70 to charge
such that its terminal 82 is positive with respect to terminal 81.
When the voltage across capacitor 70 is sufficient to exceed
the breakdown voltage of diac 72 capacitor 79 will discharge
through diac 72 into the gate terminal 74 of triac 73 causing
the triac 73 to conduct and allowing current to flow through
the primary winding 76 of transformer 75. Transformer 75 is a
pulse transformer and as such will saturate easily. When satu-
ration occurs, output voltage will become nil. Since conduc-
tion of triac 73 occurs at some point after the half-cycle has
commenced, the waveform has an abrupt rise. The pulse
transformer secondary windings 83, 84 will rise in voltage
abruptly at the same time until saturation occurs and then will
fall abruptly. The secondary voltage will therefore be a pulse
of voltage occuiring at the point in the half-cycle at which the
triac 73 begins to conduct. The output pulse of secondary
winding 84 applied to the gate 79 of silicon-controlled rectifi-
er 77 will cause it to conduct from this point in the half-cycle
until the end of the half-cycle.

During alternate half-cycles, capacitor 70 charges in the
reverse polarity until breakdown voltage of diac 72 is reached,
at which time triac 73 will conduct in the opposite direction.
This will cause reverse polarity pulses to occur at the trans-
former secondary windings. The output pulses of secondary
winding 83 applied to the gate 80 of silicon-controlled rectifi-
er 78 will cause it to conduct for the partial half-cycle,

When the heater element 12 is cold, thermistor 15 which
senses heater temperature is at a high value of resistance and
very little current will flow through it. As the heater warms up,
the thermistor decreases in resistance and begins to shunt cur-
rent from the resistor 14 - capacitor-70 path. When operating
temperature is reached, the resistance of the thermistor 15 is
low enough to prevent the capacitor 70 from charging to the
breakdown voltage of the diac 72 and triac 73 is prevented
from conducting, thereby removing pulses from the silicon-
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controlled rectifiers and no increase in heater temperature
will occur.

Referring to FIGS. 5 and 6, the etched heater 90 is made
from a laminated construction of a metal foil 91 bonded to a
high-temperature composition insulating substrate 92. The
binding medium is a fiexible temperature-resistant cement.
The metal foil 91 is chemically etched through to provide a
continuous electrical circuit with a heater element strip 94
surrounding each blister-locating opening 93. The strip 94 has
a sufficiently reduced width to operate at the proper sealing
temperature when electric current is applied. The metal areas
95 between blister openings are much wider and thereby does
not appreciably rise in temperature. The following metals are
some of many that might be used for the heater foil.

Copper Nichrome Kovar
Nickel Nickel-silver Inconel
Chromium Copper Nickel Carbon Steel

Stainless steel Invar

The choice of metals is optional and is determined by the
length and width of the heater element. The thickness is also a
matter of convenience. However, the optimum range for
etching processes is between 0.004 inch and 0.010 inch thick.
Some suitable insulating substrates are: Asbestos-filled
phenolic; silicon rubber and glass-filled melemine. These may
be rigid or flexible and up to Y-inch thick. The bonding ce-
ments may be one of a number of known products of laminate
manufacturers. These are mosily silicon-base types.

Present trays have a sheet of nonstick material, such’ as
Teflon-coated fiber glass, cemented over the working surface
to prevent the plastic blisters from sticking to the heater ele-
ments. The thickness of this sheet and the cement cause a tem-
perature loss which requires a higher than otherwise necessary
heater temperature for a good seal. The etched heater tray 90
has a sprayed-on and cured in place nonstick coating of a
Teflon or silicon-base material, the thickness of which is 0.001
inch. This allows a substantially lower operating temperature
which enhances heater life.

In FIG. §, for ease of illustration, four blister openings 93 of
rectangular shape are shown. Solid lines 96 are etched
through to yield the heater strip 94 around each blister open-
ing 93. Pins 97 are fixed on the tray to locate the cards upon
the blisters. An area 98 around each pin 97 is etched through
to prevent possible short circuits in case a metal platen is used
in the heat-sealing machine to apply pressure during the seal-
ing operation. Broken line 99 shows the path of electric heat-
ing current through each heater element and between heater
clements. Etched lines 100 are required to block the current
flow from unwanted paths that would bypass the heater areas.
Other etched lines 101 have no relationship to the heater or
electric current flow. However, by inspection it is obvious
their presence simplifies the layout process. It is advisable to
make a sketch of the layout before proceeding to ensure
proper flow of current.

One way to construct the heater elements is to first cut out
blister openings 93 in the laminate in exact locations to those
on tray. Then lines 115 are scribed around each opening 93
the required width of the heater element, usually %-inch and
Y%-inch masking tape 102 laid along the scribe lines 115 (FIG.
6B). Lines 100 required for proper electrical flow are added.

Most trays have blister openings 93 positioned in lines.
Therefore, as can be seen in FIG. 5, %-inch masking tape
strips 102 can be positioned across the entire tray at the
required distance from each opening 93 along each side of the
blister opening 23. Then by cutting away small sections of the
tape 102 a usable circuit will result. Lines 101 can be left in
place or removed. Then lines 100 that run between opening
centers can be added. The width at 103 is equal to the width of
the heating strips around the openings.

In order to make the tray usable in multiprobe-type
machines, masking tape is applied in the area 104 where all
but the 50-volt probe contacts the tray. The 50-volt probe will



3,617,696

9

contact the tray along one peripheral edge at 114 and the
return probe will contact along the opposite peripheral edge at
116.

After the masking is complete, a coating of etch resistant
material 105 is applied (FIG. 6C). When the etch resist. 105 is
dry all masking tape is removed (FIG..6D) and the laminate is
etched with a commercially available etchant such as Hunt
Chemical Corporation RCE solution following the recommen-
dations published by the manufacturer, Etching techniques
are standard and need not be described here since they are all
suitable  because of the lack of iclose-tolerance-etching
requirements for this'application. After etching is complete, as
indicated by visually noting the complete removal of metal in
the desired areas, (FIG. 6E) the etch resist is removed per
manufacturer’s instructions (FIG. 6F). The finished circuit is
then rinsed in clear agitated water to remove traces of etchant
and baked at 150°F. for 2 hours to drive off all moisture. After
drying, the heater elements are allowed to cool and are
sprayed with a'nonstick coating such as Dupont Teflon-s, then
dried at 100°F. for 2 hours and baked at 350° F. for one-half
hour to cure the coating. -

Referring to FIG. 7, the rigid tray 106 is shown with the
laminate comprising the substrate 92 and the etched heater
foil 91 thereon. A hole 107 is drilled in the substrate 92 behind
one of the heater strips 94 surrounding the blister openings 93.
A corresponding hole 108 is drilled in the tray 106 so that a
probe 111 carrying thermistor 15 may be inserted from below
and be in close proximity to the heater-element.

The completed heater circuit is attached to the surface of
the tray 106 by flush machine screws (not shown) or be ce-
menting in place with a temperature-résistant adhesive such as
Dow Corning Silastic RTV 732. After attachment to the tray,
the holes 98 for the card-locating retractable pins 97 are
drilled and the pins 97 inserted.

Similar aligned holes 112 are drilled through the tray 106
and the substrate 92 for connecting wires 110 of the tempera-
ture control circuit 109 and the wires inserted from below and
soldered to the circuit at connections 113 in an area outside
that which is contacted by the platen of the pressure head in
the heat-sealing machine. .

Alternately, trays intended for use with heat-sealing
machines that contain portions of the temperature control cir-
cuit as described above in connection with FIG. 1, provide for
connecting the thermistor probe and the power set resistor to
the temperature control portions in the machine. This is ac-
complished by connecting these components to a predeter-
mined area at the tray periphery to contact a multiconnection
probe mounted to the platen of the machine.

For etched heaters, it is advantageous that a temperature
control circuit be used because the cement which holds the
metal heater foil 91 to substrate 92 will be decomposed at
temperatures above approximately 450° F. permanently
damaging the heater circuit. The nonstick coating material
will also decompose at this temperature. Moreover, contact of
the power probes is made directly on the circuit (at 114 and
116) and arcing cannot be tolerated since the metal foil is
thin. In addition, overheating of the: blister material which
causes a poor seal, is precluded by the temperature control
circuit. :

It is known that present trays without temperature control
which employ a Teflon sheet over the heater element have
overheated to a temperature sufficient to damage the Teflon,
which decomposes @bove 600° F. It can be concluded there-
fore, that damaging temperatures will occur if no control is
employed.

In addition to its ease of manufacture and to its elimination
of all welded or soldered connections to the heater elements,
the etched heater affords great versatility in producing heater
shapes of any kind with almost equal ease.

Although my invention has been shown and described with
reference to particuiar embodiments it should be understood
that departures may be made therefrom within the scope of
my invention as set forth in the following claims,

What is claimed is:
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1, A heat-sealing machine for sealing lids to preformed con-
tainers comprising a housing, an actuatable pressure head
defining the heat-sealing position of said machine, an AC
power source supported by said housing having a pair of ter-
minals thereon, means for supporting and positioning at least
one preformed container in operable relation to said pressure
head, means for positioning a lid upon said container, at least
one heater element attached to said supporting and position-
ing means and adapted to be connected to said AC terminals
and means connected in the circuit path of said heater ele-
ment for controlling the partial cycle conduction of current in
said path to set a predetermined power per unit length of said
heater element and a control circuit connected to said partial
cycle conduction control means to control the portion of the
half-cycle during which conduction occurs for setting said
power; said control circuit having means selected according to
the resistance of said heater element to set a specific fixed
phase angle for said partial cycle conduction control means
appropriate to deliver said predetermined level of power to
bring said heater element to operating sealing temperature.

2. A heat-sealing machine according to claim 1 wherein said
control circuit is adapted to be connected between said AC
terminals and to said partial cycle conduction control means
and includes impulse-forming means for affecting said
predetermined partial cycle conduction ‘and means for
switching off the flow of current from said power terminals to
said impulse-forming means; and temperature-sensing means
are located in proximity to said heater element and adapted to
pass a signal to said control circuit when the temperature of
said heater element rises to a predetermined level to switch off
the flow of current to said impulse-forming means.

3. A heat-sealing machine according to claim 2 wherein said
impulse-forming means includes resistance means selected to
set said impulse timing, said resistance means and said tem-
perature-sensing means being attached to and moveable with
said supporting and positioning means into and out of said
heat-sealing position and adapted to be connected to said con-
trol circuit when in said heat-sealing position, said control cir-
cuit and said partial cycle conduction control means being fix-
edly supported by said housing.

4. A heat-sealing machine according to claim 3 wherein said
temperature-sensing means has a resistance means in series
therewith for compensating for variation in the operating
characteristics of the electrical elements in said control cir-
cuit, said resistance means being attached to and moveable
with said supporting and positioning means.

5. A heat-sealing machine according to claim 1 wherein said
control circuit includes impulse-forming means having a con-
trollable time constant and power adjust means associated
with said impulse-forming means selected to control the im-
pulse timing to provide said predetermined heater power.

6. A heat-sealing machine according to claim 1 having
means for switching off the power through said control circuit
when said predetermined temperature is reached.

7. A heat-sealing machine according to claim 6 wherein said
switching means is adapted to switch off only once per sealing
operation, :

8. A heat-sealing machine according to claim 2 wherein said
current impeding means comprises relay means having a con-
tact thereof in the current path of said impulse-forming
means, and switching transistor means adapted for conduction
in the energizing path of said relay means and adapted to
receive said signal from said temperature-sensing means to
switch its conduction state in said energizing path.

9. A heat-sealing machine according to claim 8 wherein said
temperature sensing means has a resistance which decreases
as the temperature which it senses increases, said tempera-
ture-sensing means being connected to vary the current at the
terminal of said transistor means which controls said conduc-
tion state thereof and means provide DC current through said
temperature sensing means to said conduction control ter-
minal,

10. A heat-sealing machine according to claim 2 wherein
said current-impeding means comprises bidirectional conduc-
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tive means in the current path of said impulse-forming means
having gate means to control the conduction state thereof,
means connected to said gate means having a breakdown volt-
age characteristic which determines its conduction state and
adapted to be switched from conduction to nonconduction by
said signal from said temperature-sensing means,

11. A heat-sealing machine according to claim 1 in which
said selected means comprises resistance means which re-
sistance is selectively decreased as the total linear length of
heater element is increased to provide a constant heating
value of current.

12. A heat-sealing machine according to claim 9 wherein
said control circuit comprises a bidirectional conductive
means having gate means to control the conduction state
thereof, means connected to said gate means having a break-
down voltage characteristic which determines its conduction
state, a saturable pulse transformer having a primary winding
connected to said bidirectional conductive means and a pair
of secondary windings attached to said partial cycle conduc-
tion control means, means connected to said breakdown volt-
age means and chargeable over time to at least the level of said
breakdown voltage and adapted to be precluded from charg-
ing to said breakdown voltage level by said signal from said
temperature-sensing means.

13. A heat-sealing machine according to claim 12 wherein
said temperature-sensing means is shunt arranged with said
chargeable means and has a resistance which decreases as the
temperature which it senses increases. i

14. A heat-sealing machine for sealing lids to preformed
containers comprising a housing, an -actuable pressure head
defining the heat-sealing position of said machine, an AC
power source supported by said housing and having a pair of
terminals thereon, a rigid backing member having means for
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positioning at least one preformed container in operable rela-
tion to said pressure head, a sheet of heater element material
secured over said rigid backing member and rigidly arranged
electrical circuit in said sheet of heater element material over
the surface of said backing etched through to provide a unita-
ry arrangement of heat-sealing elements and conducting leads
interconnected in a continuous electrical path between said
terminals, said heat-sealing elements comprising uncon-
voluted strips of heater element material substantially sur-
rounding said container positioning means and of relatively
substantial width and material selected to provide a heat seal
thereabout in a single pass, the width of said heat-sealing ele-
ments being many times its thickness, said conducting leads
being arranged entirely over said backing member and formed
integrally with said heat-sealing elements, said heat-sealing
elements and said conducting leads lying entirely in a single
plane and having a uriform thickness and composition of
material from one end of said circuit path to the other.

15. A heat-sealing machine according to claim 14 in which
the connecting lead portions of said sheet between heat-seal-
ing strips have sufficient cross section to operate at no ap-
preciable sealing temperature.

16. A heat-sealing machine according to claim 18 in which
said sheet is etched through to provide contact surfaces at
each end of said continuous electrical circuit to connect with
said AC terminals.

17. A heat-sealing machine according to claim 14 wherein
said sheet is bonded to an insulating substrate positioned upon
said backing member.

18. A heat-sealing machine according to claim 14 wherein
said sheet has a nonstick coating.
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