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(57) Abstract: System (10) for conveying and dispensing material (M) may include a heated supply (12) of the material, one or more
heated hoses, a heated dispenser (44), and a pump (26) having a heating device (26a) internal the pump (26a). A pump (26) for con -
veying liquid or liquefied material, for example chocolate, may include one or more heating devices (26a) disposed within the pump
O (26). A filter (F) may also be provided with an optional internal heating device.
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SYSTEM FOR CONVEYING AND DISPENSING HEATED FOOD MATERIAL

Cross-Reference to Related Application(s)

[6601] This application claims the benefit of U 8. Provisional Patent Application No.
62/190,482, entitled “"System for Conveying and Dispensing Heated Food Materials,” filed

Suly 9, 2015, which 1s incorporated herein by reference i 1is entirety.

Technical Field
{3002] The present disclosure relates generally 1o a sysiem for conveying and dispensing
materials, and more particularly, to a system for conveying and dispensing heated food

materials at a reduced viscosity.

Background

{00603} Food processing sysiems are ofien equipped with pumps configured o pressurize
fluid material out of dispensers to coat a substrate. Difficulties arise when the dispensed
material {e.g., chocolate} is highly viscous or solid at room temperature. For example,
current svstems often have difficulty in maintaining the material in a fuid state during the
entire pumping and dispensing process, such that the material often solidifies and clogs the
svstems. However, if excessive heat is applied, the material may become charred and not
suitable for application. Therefore, there is a need to maintain the material to be dispensed at

a desired temperature during the entire pumping and dispensing process.

Summa
{3604] Subheadings are provided m the summary below 10 help guide through some of the

various embodiments described in this application.

Svstem for Conveving and Dispensine Heated Materials

[0005] A first embodiment is directed to a svstem for applving a material onto asurface of a
substrate. The sysiem may include a supply configured {o contain the material, and the
supply may comprise a supply heating device configured to provide heal to the material. The
systern may include a pump comprising a pump inlet, a pump outlet, and a pump heating
device. The pump mlet may be flindly coupled to the supply, the pump heating device may
be configured to provide heat to the material, and the pump may be configured io pressurize

and discharge the material through the pomp outlet. The system may also include at least ong
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dispenser fhadly coupled (o the pump cutlet, wherein the at least one dispenser is configured
{0 apply the material onto the surface.

{0006} The system may further include one or more of the following features: the pump
heating device may include a resistive heating device positioned inside of the pump; the
purnp moay include a eylinder configured to provide a low path for the matenal between the
purop inlet and the pump outlet, and the resistive heating device roay be postiioned externally
of the flow path and configured to apply the heat to the matenial by heat transfer through the
cylinder; the dispenser may include a dispenser heating device configured to provide heat to
the material and a temperature sensor configured fo detlect a teroperature of the material; the
heat applied by the supply heating device and the purnp heating device may be configured to
reduce the viscosity of the material; the maierial may include at least one of chocolate, oil,
icing, and butter; at least one lemperature sensor configured to detect a temperature of the
material and generate a signal, and a control circuit m communication with the at least one
temperature sensor, the supply heating device, and the pump heating device, wherein the
control circust is configured fo receive the signal and adjust the supply heating device and/or
the pomp heating device to mantain the material within a predetermined temperahwe range; a
supply conduit configured to provide a {low path for the material between the supply and the
pumy, the supply conduit may include a supply conduit heating device, and at least one feed
conduit configured to provide a flow path for the material between the pump and the
dispenser, the at least one feed conduit including a feed conduit heating device; at feast one
flow sensor configured to detect a flow rate of the matertal through at least one of the supply
conduits and the at least one feed conduit, and generaie a signal, and a control circuit in
commnunication with the at least one flow sensor, the supply conduit healing device, and the
teed conduit heating device, the control cirewt may be configured to coropare the signal to a
reference signal indicative of a predetermined temperature and adjust at least one of the
supply conduit heating device and the feed conduit heating device based on the detected flow
rate bemng lower than the predetermined flow rate; the at feast one dispenser may include a
first dispenser oriented at a first angle to apply the material onto a front surface of the
substrate, and a second dispenser oriented at a second angle to apply the material on a rear
surface of the subsirate; the first dispenser and the second dispenser may be symmetrically
oriented; the at least one dispenser may nclude a flat fan pattem spray nozzle.

Temperature Contaiynent Svstem

{60867} A second embodiment is divected to a system for dispensing a material onio a surface

of a substrate. The system may inchude a pump comprising a pump inlet and a pump outlet,
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wherein the pump may be configured to pressurize and discharge the material from the pump
inlet and out through the purop outlet. The system may also include at least one dispenser
fluidly coupled to the pump outlet and configured to apply the material onto the surface. a
fluid flow path in fluid commumication with the pump and the at ieast one dispenser, and an
insulated container configured to enclose at least a portion of the fluid flow path.

00081 The svstem may further include one or more of the following features: the msulated
container nmay include a box including a rigid material lined with a layer of insulating
material; the rigid material may be metal; the insulated container may inchide a lunged door
configured to provide access to an iderior of the insulated contamer; the nsulated container
may also include at least one opening through a surface of the insulated contamner, wherein
the at least one opening may be configurad to enable the fluid flow path from an mterior of
the insulated container to an exterior of the insulated container; a heating device may be
enclosed by the insulated container, the healing device may be configured to apply heat to an
interior of the insulated container, and a temperature sensor may be enclosaed by the insulated
container, the temperature sensor may be configured to detect the temperature of the mterior
of the msulated container; the heating device of the insulated container may include a forced
convection heater; the heating device may be configured to maindain an interior of the
mnsulated container at a temperature between about 100° F and 180° F; a fan may be enclosed
by the insulated container, the fan may be configured to increage air circulation of the interior
of the insulated container; the insulated container mayv not enclose at least one of the pump
and the at least one dispenser; a filter may be in flind communication with the fluid flow path,
wherein the filter mayv be enclosed within the insulated container; a second insulated
container may be configured o enclose a second portion of the fluid flow path; the portion of
the flud flow path enclosed by the insulated container may be upstream of the at least one
dispenser; and the second portion of the fhud flow path enclosed by the second insulated
container may be downsiream of the at least one dispenser; a supply may be configured {0
contain the material, the supply may include a supply heating device configured to provide
heat to the matenial, and the pump includes a purop heating device configured to provide heat
to the material.

Angular Spray Svstem

[B009] A third embodiment is directed to a svstem for dispensing a material onto a subsirate
conveved by a conveyor along a conveyance axis. The system may include a first dispenser
configured to apply the material onto a front surface of the substrate, the first dispenser being

oriented al a first compound angle defined by a first vertical angle and a first Iateral angle,
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each relative to the convevance axis, and a second dispenser configured to apply the material
onio a rear surface of the substraie, the second dispenser being oriented at a second
compound angle defined by a second vertical angle and a second lateral angle, each relative
1o the conveyance axis.

[6610] The system may further include one or more of the following features: the first
dispenser mayv be configured to apply the matenal onto the first surface, a top surface, and a
first side surface of the substrate, and the second dispenser may be configured {o apply the
material onto the rear swrface, the top surface, and a second side surface of the substrate; the
first vertical angle moay have the same magnitude as the second vertical angle; the first lateral
angle may have the same magnitude as the second lateral angle; each of the first vertical
angle, the second vertical angle, the firsi lateral angle, and the second fateral angle may be
between about 15 degrees and 60 degrees: the first lateral angle may have the same
magnitude as the second lateral angle; each of the first vertical angle, the second vertical
angle, the first lateral angle, and the second lateral angle may be between about 45 degrees; a
firsi stream of the first dispenser may not overlap with a second stream of the second
dispenser, each of the first dispenser and the second dispenser may include a flat fan pattern
spray nozzle; a sensor configured to detect the subsirate and generate a signal, and a control
circuit configured to process the signal to extract at least one dimension of the substrate and
adjust the angles of the dispensers based on the at least one dimension; the convevor
configured to convey the substrate along the convevance axis.

{3011 A fourth embodiment is directed to a method of dispensing a material onto a plurality
of substrates positioned on a convevor. The method may include receiving, with a control
circuit, at least one dimension of the plurality of substrates, and receiving, with the control
circuit, a distance between adjacent substrates of the plurality of subsirates. The method may
also include adjusting an angle of at least one dispenser relative to the convevor based on the
at least one dimension and the distance, and applving, with the dispenser, the material onio
the at least one substraie.

68121 The method may further include one or more of the following features: wherein
recetving the at least one dimension includes recetving a height of the plurality of substrates;
receiving, with the conirol circuit, a desired thickness of the material on a surface of the
plurality of substrates, wherein the adjusting the fivst angle and the second angle 1s further
based on the desired thickuess; detecting the plurality of substrates to generate a signal, and
processing, with the control circuit, the signal to determine the at least one dimension and/or

the distance.
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Control Svstem for Applving a Matenal based on Viscosity

{0013} A fitth embodiment 1s directed to a system for circulating a fluid material in a flow
circuit, and for periodically applying at least some of the material onto a substrate. The
system may include a control system for adjusting the application of the material onto the
substrate. The control systermn may include a pressure sensor configured to detect 3 pressure
of the flow of the matenal through the flow circuit, and a flow sensor configured to detect a
flow rate of the flow of the material through the flow circuit. The control system may also
mclude a control circuit in commumication with the pressure sensor and the flow sensor. The
cordrol system may be configured fo deterroine a viscosity of the material based on the
detected pressure and the detected flow rate, compare the deternuined viscosity to a reference
value, and generaie a signal to modify an application pressure based on the comparison.
{6614} The system may further include one or more of the following {eatures: the control
circuit may be configured to modify the application pressure by adjusting a pressure of the
pump; the control circuit mav be configured to direct the signal o a display to indicate to a
user to modify the amount of the material in the system; the material may inchude at least one
of chocolate, oil, icing, and butter; the comparing the determined viscosity may mclude
determuning if the viscosity s below a first reference value of a range or above a second
reference value of the range; a dispenser may be configured to applyv the material onto a
surface of a substrate.

60157 A sixth embodirsent is direcied to a method of adjusting an application of a material
1o a substrate. The method may include detecting, with a pressure sensor, a pressure of the
material in a flow circuit, and detecting, with a flow sensor, a flow rate of the material in the
flow circuit. The method may also include determuning, with a control circuit, a viscosity of
the material based on the detected pressure and the detected flow rafe, comparing, with
control circuit, the determined viscosity to a reference value, and generating, with the controf
circuit, a signal to adjust an application pressure based on the comparison.

{6616} The method may further include one or more of the following features: adjusting, in
response to the signal, a pressure of a pump of the Bow circuit; displayving, o response 1o the
signal, an indication fo a user to modify an amount of the material in the systemy; the material
may include at feast one of chocolate, oil, icing, and butter; the comparing the determined
viscosity may include determining if the viscosity is below a first reference value of a range
or above a second reference value of the range; applying the material onto a surface of the

substirate.
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Control for Ternperature Fall-Back

{3017} A seventh embodiment is directed 1o a control svstem for preventing the overheating
of a material in a conduit. The control system may include a heating device configured to
apply heat to the maternial, a flow sensor configured to detect a flow rate of the matenial, and a
control circuit in communication with the heating device and the flow sensor. The control
circuit may be configured to compare the detected flow rale o a reference value and generale
a signal to the heating device 1o reduce or interrupt the heat applied to the material basad on
the comparison,

{3018] The conirol system may further include one or more of the following features: the
control circutt may be configured to generate the signal to power off the heating device for a
predetermined time period and power on the heating device at a reduced temperature relative
1o a running temperature; the reduced temperature may be aboui 103-110° F, and the ronning
femperature may be about 125-180° F; the predetermined time period may be about two
mimites; the control circuit may be further configured to determine if the detected flow rate
exceeds the reference value, and increase the heat generated by the heating device based on
the detected flow rate exceeding the reference value, the control circut may be configured to
mcrease the heat in a step-wise funciion: a plurality of heating devices may be configured fo
apply heat to the material at different temperature zones of the condunt, wherein the control
circuit may be configured to generate different signals for each of the temperature 7ones: the
control system may be configured to mamtain constant heat applied to atl least one of the
temperature zones; wherein reducing the heat applied includes reducing at least two of the
temperature zones to different reduced temperatures.

[B019] An eighth embodiment is divected to a method of preventing the overheating of a
material in a condutt. The method may mclude applying, with a heating device, heat (o the
material in the conduit at a running temperature, and detecting, with a flow sensor, a flow rate
g, with the

0

of the material through the condwit. The method may also include comparin
control circuit, the determined flow rate to a reference value and reducing, with the heating
device, the heat applied fo the material based on the comparison.

(00628} The method may further include one or more of the following features: wherein
reducing the heat applied mcludes powering off, with the control circuit, the heating device
for a predetermined time, and powering on, with the conirol circuit, the heating device at a
reduced termperature relative (o the runming temperature; the reduced terperature mayv be
about 105-110° F, and the ruoning temperatiwe mav be about 125-180° F; the predetermined

fime period may be about two minutes; determining, with the control circuit, if the detected
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flow rale exceeds the reference value, and increasing, with the conirol circuit, the heat
generated by the heating device based on the detected fow rate exceeding the reference
value; wherein the control circuit is configured to increase the heat in a step-wise function;
wherein the increasing the heat applied by the heating device s performed in a step-wise
function until the heating device reaches the running temperature; applving, with a plurality
of heating devices, heat to the material at different teraperature zones of the condut;
maintaining, with the control circutt, constant heat applied to at least one of the temperature
zones; wherein the reducing the heat applied include reducing at least two of the temperature

zones {o different reduced temperatures.

Brief Description of the Drawings

0021} Fig. 1 illustrates an exeroplary svstem for conveying and dispensing heated matenal.
16022] Fig. 2 illustrates an exemplary hydraulic pump and actuator assembly in side
elevation.

60231 Fig. 3 ilhustrates an exemplary longitudinal cross-section along the line 3-3 nFig. 2
showing detail of an air motor.

{3624] Fig 4 illustrates an exemplary 1sometric view of a hydraulic purmap and actuator
assembly for conveying and dispensing heated material iustrated i Fig. 1.

[B025] Fig. S ilustrates an exemplary pump and pump mounting assembly in side elevation.
[8026] Fig. 6 tllustrates an exeroplary longitudinal cross-section of the pump and purop
mounting assembly of Fig. 5 taken along the line 6-6 in Fig. 5.

[6627] Fig. 7 illustrates an enlarge view of the circled portion of Fig. 6.

[00628] Fig. 8 illustrates an exploded view of the pump and purop mounting assembly of Fig.
5.

{66291 Fig 9 illustrates a disassembled and disconnected position of the pump from the air
motor and supporting structure.

{3030 Figs. 10-12 illustrate an altemative embodiment for a heating device, with similar
views with respect to the views of Figs. 5, 6, and &,

{6831} Figs. 13-15 illustrate another aliernative embodiment for an internal heating device
for a pump, with similar views to the views of Figs. 5, 6, and 8.

[6632] Fig. 16 llustrates some embodiments of a filter having an internal heating device, in
ISometric view.

{3633} Fig. 17 illustrates an exemplary embodiment of the filter of Fig. 16 in elevation.
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(3834} Fig. 18 illustrates an exemplary cross-sectional view taken along the line 18-18 in Fig.

~3

{035} Fig. 19 illustrates an exemplary exploded view of the assembly of Figs. 16-18.
[6036] Fig. 20A illustrates an embodiment of an exemplary containment system.

60371 Fig. 20B itllustrates an exemplary embodiment of the imterior of the containment
svstermn of Fig. 20A

13638] Fig. 21 A illustrates an embodiment of an exemplary dispensing system, in 1sometric
VIEW.,

[3039] Fig. 218 illustrates an exemplary perspective view of the exemplary dispensing
svstem of Fig 21 A

16040} Fig. 21C illustrates another exemplary perspeciive view of the exemplary dispensing
systemn of Fig. 2TA.

{00411 Fig 22 dlustrates an exemplary method of controlling an application of a matenial
onto a surface.

{30421 Fig. 23 illustrates an exemplary method of controlling an application pressure of a
material onto a surface.

{0043} Fig. 24 illustrates an exeroplary method of preventing the overheating of the material.

Detailed Description

60844} The disclosure is generally directed to a system for conveying and dispensing heated
maierial that is solid or more viscous at an ambient tlemperature. In some embodiments, the
apparatus may nclude a heated source for the material, one or more heated conduits, a heated
or unheated dispenser, and a pump having an intemnal heating device. For example, the pump
may include ong or more heating devices disposed within an outermost surface of the pump.
In some embodiments, the dispensed material may include food matenials, such as chocolate,
cocoa butier, chocolate compound, cooking oil {e.g., vegetable oil}, and/or butter. In some
embodiments, the sysiem may also include a filter apparatus with an internal heating device,
for example, positioned within an outermost surface of the filter apparatus. H is also
contemplated that filter may be configured 1o receive heater cartridges. In some
embodiments, the systern may mclude one or more insulated contamners configured to enclose
components of the svstem, such as unheated condwts, filters, and/or regulators. The system
may aiso include one or more control systems configured to perform methods to improve the
application of the material. For example, the control system(s) may include a control circuit

and one or more sensors and actuators configured to control aspects of the application of the
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material. The control system(s) may be configured to detect parameters, such as flow rates
and viscosities, and roanipulate componernts to tmprove the application of the heated material.
[6045] While the exemplary embodiments herein are directed to convevance and dispensing
heated food material such as, chocolate compound onto a surface of a food product, such
embodiments are exemplary and are not miended to be limiting. The present disclosure also
finds application with roany different food matenals, including but not imited to chocolate,
oil, butter, and icings; as well as to non-food matenials, such as adhesives, silicones, plastics,
and rubbers. Also, the disclosure may be applied to dispensing heated material onto any
surface, not just food product surfaces. For example, the system may be configured 1o apply
matenial to surface, such as circuit boards and semi-conductors. As used herein, heating
devices may inciude a number of different devices that applies heat to a material conveved by
a pump. In some emwbodiments, a purmp heating device may embody an electrical heating
device disposed internal the purop. However, the purop reay include, additionally or
alternative, other types of heating devices,

[3046] We refer herein o heated materials as materials that are fess viscous when heated than
at ambient termperature, such that heat 15 added to the material over and above any heating
that might occur due to the arobient envirooment. By ambient teroperature we mean the
sutrounding environment of the pumyp that is exterior the pump, such as room temperature.

In some embodiments, the material {e.g., chocolate, butter, or oif) may be solid or more
viscous at ambient temperature than when the material is heated. Ap example of room
temperature 15 approximately 68° F to approximately 77° F, however, this range of
temperatures is not limiting. For example, chocolate may need to be heated at approximately
100° F to 130° F, and maintained within a range (e.g., approximately £2° F) as the material is
conveved from a supply to a dispenser.

Svstem for Conveving and Dispensing Heated Matenal

{60847} With reference to Fig. 1, asystem 10 for conveying and dispensing a heated material
M onto a substrale 49 15 represented in schematic form. In sorse embodiments, the system 10
may mnclude a supply 12 for the heated material M. The supply 12 may be, for exarople, a
heated container 14 configured to contain and heat the heated material M to a selacted
temperature or within a selected temperature range. The heated matertal M may be, for
example, 3 material that at room temperature 1s solid or highly viscous. Examples of the
heated matenial M include but are not hmited to chocolate, butter, oil, and icimgs. A supply
heating device 16 may be in heat transfer or thermal exchange relationship with the container

14 so¢ that the material M may be heated to the selected temperature or temperatine range that
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typicaily may be above room temperature. For example, the healed maierial M may be
heated i the range of approxirnately 100 °F to approxirately 130 °F, each withan a range of
approximately £2 °F for example, for conveving the heated material M from the supply 12 to
one or more dispensers 44, The dispenser(s} 44 may apply the heated matenal M onto the
substrate 49 advanced on a convevor 51, Examples of the substrate 49 include but are not
himuted to wafers, cookies, breads, crackers, and meat.

(00481 The supply 12 may include a supply outlet 18 with a first supply hose connector 20
attachable thereto. The first supply hose connector 20 may be connected {o a first end 223 of
a supply conduit 22, A second end 22b of the supply conduit 22 may be connected to a pump
inlet 24 of a pump 26 with a second supply hose connector 28. The first end 22a of the
supply conduit 22 may be connected to a siphon tube 30 through which the heated material M
is drawn up into the supply conduii 22 by negaiive pressure or suction that is produced at the
purnp inlet 24 of the pump 26, In soroe embodiments, an upper end of the siphon tube 30
may function as the supply outlet 18. The pump 26 may be a suction or siphon type pump.
The supply 12 may, additionally or alternatively include a pump that generates positive
pressure to the heated material M from the supply 12, The second end 22b of the supply
conduit 22 may be connected to a T-connection for a recirculation valve 54 The
recirculation valve 34 may be omitted to provide a fixed orifice.

6849} The supply condwit 22 may be any conduit or hose that provides a flow path for the
heated material M {rom the supply 12 {0 the pump inlet 24, In some embodiments, the
supply conduit 22 may include a supply hose 32 connected 1o a supply hose heating device 34
configured o apply heat to heated material M in supply hose 32, Alternatively, the supply
heating device 34 may be omitted if the supply hose 32 1s of alength and design so that there
1s an accepiable loss or no loss of heat or temperature between the heated supply 12 and the
pump indet 24, or where the supply hose 32 1s enclosad by an insulated container, as
discussed herein.

{60581 The pump 26 may be driven by a nomber of different types of actuators 74. In some
embodiments, the pump 26 may include a piston stvle hvdraulic displacement actuator. For
example, the pump 26 may include a linear displacement actuator such as the air motor 76
But many different types of air motors may be used, as well as aliernatively many different
types of actuators may be used, inchuding but not limted to an elecinic motor. Moreover,
many different pump configurations and types may alternatively be used other than a piston
type pump, in which cases the purop actuator 74 may be selected for the particular type of

pump 26 used. The air motor 76 may operate from ambient air 78 such as plant air 78 for the

-10 -
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facility where the system 10 is mnstalled. A drop leg 80 may be used to branch off air to the
air motor 76, and an air shut off valve 82 and an optional air filter/regulator/gauge assernbly
84 may be provided as needed. The atr motor 76 may include an air inlet 86 that is connected
1o an air hose 88 from the filter/regulator/gauge assembly 34

{60511 The pump 26 may inchade a purnp outlet 36 with a suitable first feed condint
connector 38 attachable thereto. In some embodiments, the first feed conduit conmector 38
may include a clamp. The first feed conduit connector 38 may be further connected to a first
end 40a of a feed conduit 40. A second end 40b of the feed condunt 40 may be connected to a
dispenser inlet 42 of one or more dispenser(s} 44 with a second feed conduit connector 46
The pump 26 may discharge pressurized heated material M through the purop outlet 36 mto
the feed conduit 40. The pump 26 may include a pump heating device 26a.

{6652} The feed conduit 40 may be any pressure conduit or pressure hose that provides a
flow path for the heated material M from the pump outlet 36 to the dispenser inlet 42, In
some embodiments, the feed conduit 40 may imclude a pressure feed conduit 48 and a heating
device 50 configured to apply heat to heated material M within the feed conduit. The feed
conduit 40 may also include a feed conduit temperature sensor 628 configured to detect the
teroperature of heated material M within pressure feed conduit 48,

6053} The system 10 may further include a filter ¥ with an optional drain valve D, and a
regulator B disposed in-line with the pressure feed conduit 48, In some embodiments, the
filter F may incluode an internal heating device, for example, mncluding structure similar (o the
heating device 26a for the pump 26, or may be unheated. The regulator R may be any
suttable regulator, for example, a manually operated regulator. The regulator R may,
additionally or alternatively, inchide one or more step motors {not shown) configured to
adjust the pressure of the heated material M, for example, based on a signal from the control
circuit 72, The filter F and the regulator R may divide the pressure feed conduit 48 into one
or more discrete segments. The filter F and/or the reguiator R mav be unheated and enclosed
in a heated container 401,

{00541 The dispenser(s) 44 may include a nurober of dufferent types of dispensers suitable for
dispensing the heated material M onto the substrate 49, The dispenser{s) 44 may be
configured to selectively dispense a stream 47 of the heated material M onto the substrate 49
based on an adjustiable orifice 45 Examples of dispensers that may be used inclode but are
not limited to the Blue Series™ ™ brand of applicators available from Nordson Corporation,
Westlake, Ghio noted above. Dispenser(s} 44 may be healed or unheated. In some

embodiments, the dispenser{s) 44 mayv include a dispenser heating device 43, for example a
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heated manifold, and/or other heating devices that provide heat {0 the heated material M (o
maintain the selected teroperature range of the heated matenal through the dispenser 44 and
to the dispensing orifice 45, In some embodiments, the dispenser heating device 43 mav be
integraied inio the bottom of the dispenser(s} 44. In some embodiments, the dispenser
heating device 43 may be omitied. The dispenser(s} 44 may be oriented at a number of
different angles relative 1o the conveyor 31, For example, the dispenser(s) 44 may be
ortented at compound angles relative to the conveyor 51 in order to selectively apply one or
more coats to sides of the substrate 49, In some embodiments, the systern 10 may include a
plurality of dispensers 44 arranged in a mirrored configuraiion relative to the conveyor 51, as
further discussed regarding Figs. 21A-C. Branching pressure feed conduits 48 may provide
the heated material M, for exampie, through a Y-coupling. Branching return conduits 52 may
similarly be downstream of the plurality of dispensers 44,

00551 The system 10 may optionally include a pressurized return conduit 52 that connects to
an optional recirculation valve 54, When the dispenser(s} 44 1s not applying the heated
material M onto the substrate 49, 1t mayv be desirable to retum the heated material M' {o the
supply 12 via the supply hose 32, This may be done by opening the circulation valve 54, If
the svstem 10 15 being cleaned or purged, an optional drain valve 56 may be opened to admit
flow of the material M' into a drain hose 3% {o a waste contamer 60 or other container or
disposal site.

{6656} In some embodiments, the system 10 may include one or more insulated containers
401, 501 configured to enclose components of the system 10, For example, the insulated
container{s} 401, 501 may be configured to provide an environment controlled chamber 402,
502 enclosing unheated components of the system 10, For example, as depicted in Fig. 1,
msulated container 401 may enclose at least an unheated portion of unheated pressure feed
conduit 48, an unheated filter F, and/or an unheated regulator R upsiream of the dispenser{s}
44, A second insulated container 501 may enclose componenis of the system 10 (e g,
conduit 52} downstream of the dispenser(s) 44, such as flow sensor 69C and pressure sensor
70C. The second mnsulated container 501 may, additionally or aliernatively, enclose one or
more of exposed sections of the conduits, the recirculation valve 54, ball valves, and/or a
spray pressure control manifold (not shown}. At least one aperture mav be provided through
a wall of the msulated container(s} 401, 501 to be coupled to condwit 48, 32 to provide a fow
path in and out of the chamber(s) 402, 502, Insulated contamner{(s) 401, 501 may mclude a
rigid material lined with an insulating material, and a hinged door to allow access to the

chamber (as depicted in Figs. 20A-208B). Insulated container(s} 401, 501 may also enclose
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mstruments {o control the environment of the chamber, such as a heating device, a
teroperature sensor, and a faon (as further depicted in Figs. 20A-208).

{6057} The heating devices of the system 10 may include resistive heating devices, inductive
heating devices, and/or magnetosirictive heating devices. The heating devices may be
included by the manufacturer of the particular device. For example, a suitable applicator or
dispenser 44 may be from the Blue Series’™ brand of applicators available from Nordson
{Corporation, Westlake, Ohio; coil heaters as may be used for the pump healing device 26a
are commercially available, for example, from NextThermal ™, Battle Creek, Michigan: and
hoses with hose heaters are commercially available, for example, the Automatic RTD Hoses
line from Nordson Corporation, Westlake, Ohio. These devices are also available with
temperature sensors {discussed herein}.

[6058] The heating devices may be controtled based on a number of different inpuis and may
be configured fo generate varied temperature zovnes for the heated material M in system 10
For example, one or more temperature zones of the system 10 may be raised above the
desired running temperature of the material M in order to transfer sufficient heat to the heated
material M as 1t circulates. For example, the heated material M may be rapidly flow i one or
mare of the temperature zones requiting additional heat to be applied. For instance, the
heated material M mayv have a desired running temperature of about 110-115°F, but in one or
more of the temperature 7ones, the heaters may apply heat sufficient to elevate the heaied
material to 125-180° F. Therefore, the system 10 may conirol the temperature zones to
accommodate a wide variety of flow rates without expensive accumulators because the
imdividual temperature zones may be conirolied to provide sufficient heat. The heating
devices may also be controlled based on a mumber of different inputs to reduce the nisk of
overheating, for example, if the flow were 1o stow or stop.

16059} One or more temperature sensors may be configured to monttor the temperature of the
heated material M along the flow path FP. For example, a supply temperature sensor 62A
may be provided within the supply 12 to detect temperature of the heated material M within
supply and produce an output signal. A pump temperature sensor 62B may be providex
within the pump 26 o detect the temperature of the heated material M 1n the pump 26 and
produce an output signal. A supply hose temperature sensor 62C may be provided in the
supply hose 32 1o detect temperature of the heated matenial M in the supply hose 32 and
produce an output signal. The feed conduit temperature sensor 621 roay be provided 1n the
feed conduit 48 to detect temperature of the heated material M n the feed conduit 48 and

produce an ouiput signal, and a dispenser ternperature sensor 62E to detect temperature of the
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heated matertal M in the dispenser 44 and produces an output signal. A nurber of types of
{emperature sensors may be used as needed, mcluding but not himited {0 a resistance
temperature detector or RTD type devices as are well known, thermostats, and
thermocouples. The type of temperature sensor used and the degree to which a temperature
sensor detects temperature of the heated material M may depend on the tvpe of control
systern and overall svstem design that is implemented for a particular application. For
example, in some embodiments, 1t may be desired to detect temperature with a higher degree
of accuracy, whereas in some embodiments it may be sufficient to detect whether the
{emperature 1s above or below a desired range.

16060} One or more flow sensors may be configured 1o measure the flow rate of the heated
material M along the flow path FP. For example, a supply flow sensor 692 may be coupled to
the supply hose 32 {o detect the flow rate of the healed material M from the supply 12, a fead
flow sensor 69b may be coupled to the {feed conduit 48, and a return flow seusor 69¢ may be
couplied 1o the return conduit 52, In some embodiments, multiple flow sensors 69 A-C) may
be provided in one or more of the conduits 32, 48, 52 o increase detection of the flow rate.
Flow sensors 69(A-C) may include a number of different structures. For example, flow
sensors 6% A-C) may include a rotary potentiometer positioned side of the conduits 32, 48,
52 and be configured to generate a signal based on the rate of fluid flow. In some
emboediments, the flow sensors 69{A-C) may be positioned outside the conduiis 32, 48, 52
and configured measure flow rate through laser-based mterferometry and/or the Doppler-
based measurements and generate a signal.

{3861} One or more pressure sensors may be used {0 measure the pressure of the heating
material M along the flow path FP. For example, a supply pressure sensor 70a may be
coupled to the supply hose 32 1o detect the pressure of the heated material M from the supply
12. a feed pressure sensor 70b may be coupled to the feed conduit 4¥, and a return pressure
sensor 70¢ may be coupled to the return condint 52, In some embodiments, a plurality of
pressure sensors 7O{A-C) may be provided in one or more of the condwits 32, 48, 52 to
increase detection. Pressure sensors 70(A-C) may include a nurnber of different structures
configured to detect the flow rate of the heated material M through conduits 32, 48, 52, For
example, pressure sensors 70{A-C) may include a pieroelecinic sensor configured {0 generate
a signal based on the pressure of the heated material M. The pressure sensors 70{A-C) may
measure Hlow rate through optical measurerents and generate a signal.

16062] A control circuit 72 may be in commumication with the components of the systems,

such as one or more of the heaters, the temperature sensors 62{A-E), the ffow sensors 69{A-
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(), and the pressure sensors 70{A-C). The control circuti 72 may be a programmable cireuit
that receives the varous sensor inputs and produces a heating device control signal 73 to, for
example, conirol operation of the respective heating devices 16, 34, 20A, 50, and 43, The
conirol circuit 72 may also be configured to generate control signals to other components of
systermn 10, such as pump actuator 74 to adjust the fhnd flow the heated material M.

{00631 The control cirewit 72 may be realized 1o many different forms and configurations,
including but not imited to a programumable microcondrolier, a PLC, discrete circutt
components, and ASIC-type controllers {o execute an appropriate control algorithm, for
example a closed loop PID control method. The tvpe of control signal 72 generated and the
control algorithim used to control the heating devices may be selected based on the type of
heating device used and the degree of control required for particular applications. For
resistive heaters, the control circuit 72 may be configured to produce control signals that
adjust one or more of current, voltage, frequency, amplitude and cvele on/off times to the
heating device in order to control the amount of heat generated to control and maintain the
temperature of the heated material M within the selected temperature range. The control
circuit 72 may be configared to mamtain the teraperature of the heated material M during
operation of the dispenser 44 as well as during recurculation of the heated matenial M and M
when the dispenser 44 is not operating to dispense material onto the substrate 49, The control
circuit 72 may also be configured {o actuate the pump actuator 74 to adjust the flow rate of
the heated material M and/or the amount of the heated matenial M in system 10, for example,
hased on signals from the temperature sensors 62{A-F), the flow sensors 69{A-C), and the
pressure sensors 70{A-{). The control circuit 72 may further be configured to adjust other
components, such as the spray settings of the dispenser(s) 44.

[0064] A user interface 200 may be configured to transot data to/from control circuit 72,
and may be configured 1o receive input from a user and/or generate cutput to the user. The
user interface 200 may include a personal computer, a smart phone, a tablet, and/or a
wearable device. The user interface 200 mway include a display that depicts a graphical user
mnterface of applications to the user. The user interface 200 may also mnclude a touch-
sensitive surface, a stylet, a kevboard, butions, a mouse, and/or a pointer. For example, the
user interface 200 may be configured to control runming temperatures and reduced
ternperatures of different components of the svstem 10, The user interface 200 may enable
the user adjust the heaters to establish different teroperature zones throughout the system 10,
The user interface 200 may also be configurad to output notifications to the user when

modifications to the svstem 10 are requured.
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[B065] In sum, the sysiem 10 thereby provides a heated flow path (represented by the
directional arrows FP in Fig. 1 with the reference M for the heated material 1o the flow path)
to convey the heated material M from the heated supply 12, through the supply conduit 22,
through pump 26, through the feed conduit 40 to the dispenser 44, In some embodiments,
one or move of the supply 12, the supply conduit 22, the pump 26, the feed condwuni 48, the
dispenser 44, and/or insulated containers 401, 501 may include a heating device. The heating
devices may maintain the heated material M at a desired temperature along the flow path FP
for the entire convevance and dispensing operations. The system 10 may also be configured
{0 manipulate components of the systern 10 based on signals received from sensors to
improve the dispensing of the heated material M.

Hvdrauic Pump and Actuator Assembly

{60866} As depicied in Figs. 2 and 4, in some embodiments, a hydraudic pump and actuator
assembly 90 may include an actuator section 92, a drive fram section 94, and a hydraulic
section 96. The actuator section 92 may be realized in the form of the air motor 76 and the
hydraulic section 96 may be realized in the form of the pump 26. In some embodiments, the
pump 26 may be a hvdraulic pump as described herein. The drive tramn section 94 may
provide a mechanical coupling between the air motor 76 and the pump 26 so that operation of
the air motor 76 produces linear actuation or drive for the pump 26. The air motor 76 and the
pump 26 may be supported, for example, on a structural wall or panel 98 or any other suitable
struciure. The air motor 76 may rest on a fivst shelf 100 that i1s mounted to the wall 98, and
the pump 26 may be supported to depend from a second shelf 102 that 1s mounted to the wall
98. The air motor 76 may include a piston shaft 104 that is coupled to a plunger 106 by way
of a coupling 108.

{3067} With reference to Fig. 3, in some embodiments the air ootor 76 may include a
pneumatic piston 110 that 1s received in and divides a piston pressure chamber 112 into an
upper portion 112a and alower portion 112b. The piston 110 may include a piston head 114
and the piston shaft 104 that may extend down mnto the drive train section 94, One or more
piston seals 116 may be used to provide a dynamic or sliding seal between the piston head
114 and a piston pressure chamber wall 118, A first air inlet 120 provides pressurized air into
the upper portion 1123 of the piston pressure chamber 112 above the piston head 114, and a
second air inlet 122 provides pressurized air into the lower portion 112b of the piston
pressure chamber 112 below the piston head 114, A condrol valve 124, such as a slide valve
or spoaol valve, may be used to switch and control when pressurized air at the air motor milet

86 15 fluidly connected o the first air inlet 120 or the second air infet 122, A sensor (not
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shown} or other means may be used to determine the piston head 114 position so as to cause
the control valve 124 to swiich between the {irst air inlet 120 and the second air inlet 122,
thereby producing reciprocating linear actuation and movement {represented by the double
headed directional arrow in Fig. 3) of the piston shaft 104 relative 10 an axis X,

[6068] The piston shaft 104 may be connected (o the plunger 106 by any suitable couphing
108 noted above. Preferably, axial translational movement of the pision shaft 104 along the
axis X causes axial transiational movement of the plunger 106 relative 1o the axis X,
Altematively, the piston shaft 104 and the plunger 106 need not be coaxially aligned. In
some embodiments, the coupling 108 may be a clamp ot sleeve style coupling for example or
other suitable coupling. Preferably, the coupling 108 may allow the piston shaft 104 to be
uncoupled easily from the plunger 106 without having 1o axially move either the air motor 76
or the pomyp 26, for reasons that will be further explaimed herein in an optional embodiment.
If the piston shaft 104 and the plunger 106 have different outside diameters, a coupling
adapter 126 may be used as needed.

{38691 An air hose fitting 128 may be provided to connect an air supply hose 130 to the air
maotor inlet air hose 88, The air supply hose 130 may receive the pressurized plant air noted
herem.

G078} With reference next to Figs. 5-8, the pump 26 mav be an on-demand double acting
hvdraulic siphon pump. By on-demand, it is meant that the pump only operates when the
dispenser 44 or other downsiream application begins to draw heated material M from the
pump outlet 36. When a demand for the heated material M 1s made, etther by operation of
the dispenser 44 or a recycling mode of operation, or by another downstream device, in effect
this opens the pump outlet 36 (o flow and reduces the pressure of the heated material inside
the pump chamber, which causes the air motor 76 to resurne operation. By double acting 1s
meant that the pump 26 operates to discharge heated material through the pump outlet 36
continucusly during both strokes of the plunger 106, As a siphon pump, the pump 26
generates suction at the pump inlet 24 which aspirates or draws heated maiterial M into the
purap 26 from the supply 12,

{3671} In some embodiments, the pump 26 may include a heating device casing 132 that
closely surrounds a pump chamber cylinder 134 (also referred to herein as the pump body or
pump cyhinder 134}, The pump cylinder 134 delimits an interior pomp chamber 136, through
which the heated moaterial M is pumped under pressure from the pump inlet 24 to the pump
outlet 36 {(note in Fig. 7 that the pump outlet 36 1s not visible). The heating device casing 132

may closely surround and preferably 1s attached to an extenor surface 134a of the pump
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cylinder 134. The pump chamber 136 may be closed at an upper end with a pump head 138
and may be capped at a lower end with a siphon housing and check valve assembly 140, A
first gasket 142 may be used to provide a pressure and fluid tight seal interface between the
pump cviinder 134 and the pump head 138, A second gasket 144 may be used to provide a
pressure and fhad tight seal interface between the pump cvlinder 134 and the siphon housing
and check valve assembly 140,

166721 It will be noted that the plunger 106 extends through an aperture 146 in the pump
head 138 so as {0 be connectable on its distal end to the coupling 108 (Fig. 3). The punp
head 138 may 1oclude a purop head tapered reliet 148 and the purop cyhinder 134 may include
a cyhinder tapered relief 150 to allow a first clamp 152 1o securely mount the pump cvlinder
134 onto the pump head 138, Similarly, a second or siphon housing clamp 154 may be used
to mount the siphon housing and check valve assembly 140 to the pump cvlinder 134, The
design of the claraps 152 and 154 mav be, for example, a food fitting sarmtary connection as
are well known in the art.

{3873} The pump outlet 36 may include an outlet port 156 that may extend {ransversely
through the wall of the pump cylinder 134 and the heating device casing 132, The outlet port
1536 1s open to the wterior pump chamber 136 and admits discharge ot out-fiow of the heated
material M ag the heated material is pumped and pressurized between the pump inlet 24 and
the pump outlet 36, A fixed position dynamic seal 158 surrounds the phinger 106 and is
retained in place by a seal plate 160 that may be attached to the pump cvlinder 134 by screws
162. The seal plate 160 applies a compressive load against the fixed position dynamic seal
15¥ so that the dynamic seal 158 is radially loaded against the plunger 106 owter surface. The
dynamic seal 158 may be any suitable seal device, for example, a U-cup type piston seal as
are well known. The seal 158 1s preferably a dyuvanuc seal-type device because of the sliding
contact between the seal 158 and the plunger 106 outer surface when the pump is operating.
An o-ring o1 other suitable static seal 164 provides a seal interface between the pump head
138 and the seal plate 160, The static seal 164 serves 1o prevent fluid such as water or other
contarmnanis from entering the purp 26 interior during wash down or other maintenance
activities.

{3874] With particular reference to Fig. 7, the siphon housing and check valve assembly 140
may include a sipbon housing 166, a first or siphon check valve 168 that may include a
siphon check valve seat 170, a siphon check valve member 172 which i some embodiments
may be aspherical ball, a siphon ball cage 174 and one or more siphon ball retention

members 176, The sipbon check valve 168 is open (i.e. the siphon ball valve member 172 15
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unseated from the siphon check valve seat 170} when the plunger 106 18 moving with an
axially upward stroke; and the siphon check valve 168 1s closed (e, the siphon ball valve
member 172 is seated against the siphon check valve seat 170} when the plunger 106 1s
moving with an axially downward stroke. The siphon check valve seat 170 presents an inlet
orifice to the pump chamber 136 and admits heated material M into the pump chamber 136
froro the supply 12 during one half of the pumyp 26 stroke cycle. The siphon housing 166
may be connected to a lower end of the pump cylinder 134 using the second or siphon
housing clamp 154, A gasket 155 may be used as needed to provide a fhad tight seal
between the siphon housing 166 and the punp cvlinder 134, The siphon check valve seat
170 1s held securely between the siphon housing 166 and the siphon ball cage 174, (askets
167, 169 may be used as needed to provide a fhnd tight seal interface between the siphon
check valve seat 170 and the siphon housing 166 and the siphon ball cage 174, The siphon
housing 166 also may include one-half of the supply hose connector 28,

{00751 The siphon ball cage 174 helps to align the siphon ball valve member 172 with the
siphon valve seat 170, and the siphon ball retention members 176 restrict axial movement of
the siphon ball valve member 172 when the siphon valve 168 15 open. The siphon ball
retention roerubers 176 may be realized 1n any suitable form and in soroe emboduments moay
comprise one or more dowel pins attached to the siphon ball cage 174 and that extend at least
partially over the ball valve member 172

{6676} During an upward stroke of the plunger 106, a negative pressure is produced m the
siphon housing 166 which draws in heated material M through the open siphon check valve
168, During a downward siroke of the plunger 106, positive pressure reseats the ball valve
member 172 against the siphon check valve seal 170 to close the siphon check valve 168
The reciprocating nature of the plunger axial stroke 1s representied by the double headed
directional arrow in Figs. 3 and 6.

6877} A second or upper check valve assembly 178 may include a second check valve 180,
a second check valve seat 182, a second check valve member 184 which may be in the form
of a spherical ball, a second dynanuc seal 186, a seal retainer 188 and a second static seal
190. The second check valve seat 182 may mnclude an extended portion 182a thatserves as a
ball cage. The second check valve seat 182 also may mclude one or more flwid passages 192
that admit flow of heated material M into the pump chamsber 136 when the second check
valve 180 1s open. The second check valve 180 is open during the axially downward stroke
of the plunger 106 and is closad during the axially upward stroke of the plunger 106. In other

words, the second check valve 180 is open when the siphon check valve 168 is closed and the
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second check valve 180 is closed when the siphon check valve 168 1s open. In this manner,
the pump 26 is a double acting pump whereby heated material M 18 discharged out of the
pumyp chamber 136 continuously during both the upward stroke and the downward stroke of
the plunger 106. The second dynamic seal 186 provides a dynamic seal interface with the
pump cvlinder nterior surface 134b. The seal retainer 188 may be threadably connected with
the second check valve seat 182 and apphies a compressive load against the second dynanuc
seal 186 so that there is a radial load between the second dynamic seal 146 and the mterior
surface 134b of the pump cviinder 134, The second static seal 190 provides a seal to protect
the threaded connection between the seal retainer 188 and the second check valve seat 182
and may be any suitable seal, for example, an o-ring.

{6878} The fluid passages 192 are sized so that on the upward stroke of the plunger 106, the
second check valve 180 is closed so that heated matenial M that is above the second check
valve 180 is under pressure and 1s discharged out through the pump outlet 36, At the same
time, heated material M is drawn into the pump chamber 136 because the siphon check valve
168 is open. During the downward siroke of the plunger 106, the siphon check valve 168 1s
closed and the second check valve 130 is open so that heated material M 1s forced wnder
pressure through the fluid passages 192 and 18 discharged out through the pump outlet 36, In
this manner, heated material M is alwavs present in the pump chamber 136 and continuously
flows out of the pump ouilet 36 when the pump 26 is running steady state. The pump 26,
therefore, functions as a double acting continuous flow on-demand siphon purop. The on-
demand feature operates (so long as the air motor has inlet air pressure} because when
demand 1s removed (the plunger 106 will stop when demand is removed because back
pressure will result in pressure balance on either side of the second check valve assembly
178}, regardless of where the plunger 106 stroke stops and regardless of the direction of
movement of the plunger 106 when the plunger 106 stops, as soon as there is a demand for
the heated material M, the momentary drop in pressure in the pump cvlinder 134 will allow
the air motor 76 1o move the plonger 106,

60791 The second check valve seat 182 may have a threaded cormection 194 to the plunger
106 with third and fourth static seals 196, 198 such as o-rings, for example, to seal the
threaded connection 194 for sanitary reasons.

[3088] With reference to Figs. S, 8 and 9, the pump heating device 26a 1s shown to be
disposed wniternal of the purup 26. By internal 1t 15 meant that the heating device generates
heat that is conducted to the heated material M within the pump chamber 136 as the heated

material flows through the pump chamber 136, with the pump heating device 26a being

-20 -



WO 2017/008027 PCT/US2016/041539

disposed within an outermost housing or exterior shell surface of the pump 26. Therefore, an
internal heating device mayv be distinguished from an external heating device wherein the
latter would be located outside the surface of the outermost housing or exterior shell of the
pump 26, and therefore would necessarily provide heat to the heated material M either before
the heated material M enters into the pump inlet 24 or after the heated material M exits the
purnp outlet 36, A pump heating device 26a as used herein may be realized, for example,
with a heating device that may be disposed within the pump 26 structure o1 in direct thermal
exchange with a pump structure that encloses the pump chamber 136,

[G081] In some ernbodiments, the pump heating device 26a may be realized 1 the formof a
heating device 300 that may be attached to the pump chamber cvlinder 134, The heating
device 300 may include a resistive wire bundie or cable 302 that generates heat when electric
current passes therethrough. For example, the heating device 300 may be a single continuous
wire bundle or may include multiple wired bundies or a single conductor. Copper wire 15 an
example of a material that may be used for the heating device.

{3082} The heating device 300 preferably is flexible and may be attached to the pump
chamber cyvlinder 134 so as o be in infimate thermal beat exchange with the pump cvlinder
134, thereby providing heat transfer from the heating device 300 mio the interior purop
chamber 136, As ilustrated in Figs. 5 and 7, in some embodiments, the heating device 300
may be disposad in a groove or recess 304 that may formed in an exterior surface 134a of the
pump cvlinder 134, The heating device 300 may be press {it or swaged into the groove 304
50 as to provide intimate and strong contact between the heating device 300 and the pump
cylinder 136. By staking the heating device 300 into the groove 304, the heating device 300
may be siable and securely held in place regardless of temperature excursions. By recessing
the heating device 300 from the exterior surface 134a, the heating device casing 132 may be
posttioned on the pump cylinder 134 with a smooth appearance and also to minimize gaps
between the heating device casing 132 and the pump cyhinder 134, However, recessing the
heating device 300 may not be required. Preferably, the heating device casing 132 has a low
thermal conductivity so that the heat produced by the heating device 300 s conducted into
the heating material M through the pump cvlinder 134 wall. A suitable material for the
heating device casing 132 may be 303 stanless steel, 316 stainfess steel, and/or non-metallic
such as ceramic or plastic,

[G083] The heating device 300, when in the form of a flexible wire bundle or cable 302, may
be wound about the pump cvlinder 134 in anv fashion desired to increase the surface area of

the exterior surface 134a that is exposed to the heating device 300, For example, as
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Hlustrated in Figs. 5 and 8, the heating device 300 may be wrapped in a serpentine fashion or
otherwise, preferably longitudinally and circomderentially about the pump cyhinder 134, The
extent to which the heating device 300 is provided on the pump cylinder 134, as to size and
placement, will be a design choice based on the thermal conductivity of the pump cylinder
134, the heat generating capacity of the heating device 300, and the amount of heat needed so
that the purop 26 may ntake and output the heated material M. The pump cylinder 134 15
preferably made of a high thermally conductive material, for example, stainless steel. In
anocther alternative, multiple wire bundles 302 may be interfaced, for example.

{0084} For food materials, it will often be preferred that the heating device 300 not be in
direct contact with the heated material M, but in some applications such contact may be
acceptable, and for non-food materials it may be acceptable to dispose the heating device 360
50 as to be in direct contact with the heated material M within the pump chamber 136, For
example, the heating device 300 may be attached to or disposed in a groove that 1s recessed in
the interior surface 134b, or aliematively attached to the interior surface 134b without being
recessed.

{0085} The heating device cable 302 may mchude two electrical ends 306a and 306b which
may be routed out of the pump nterior by way of through holes 307 in the purop head 138
{see Fig. 8 and ). These elecirical ends 306a and 306b may be conmected to an electrical
connector 308. The electrical connector 308 may be connected to the control circuit 72 {Fig.
13 so that the control circuit 72 produces an cutput {0 the pump heating device 26a 1o control
the amount of heat generated by the heating device 300, For example, the comirol circuit 72
may adjust the amount of current info the heating device 300 based at least in part on the
ternperature sensor 62B output signal. Preferably, the electrical connector 308 is positioned
in close proximity to the pump 26 so that when the pump 26 1s disasserobled froro the air
motor 76 the heating device 300 may also be easily disconnecied.

{6086} Figs. 10-12 illustrate an alternative layout arrangement for the heating device 300. In
some embodiments, the heating device 300 may be wrapped around the purop cylinder 13610
a helical or spival manner. The heating device 300 may be but need not be disposed 1n the
groove 304 as in the embodiment of Figs. 5-9. The electrical ends 306a, 306b of the heating
device 300 likewise may be but need not be routed out through the pump head 138 ina
stitar manner,

{B087] For vanous embodiments of the intemally heated pump, the pump cyhinder 134 may
be warm or hot to the touch. Therefore, an optional cover (not shown)} may be used {0

enclose the pump 26.
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[B088] With reference next (o Figs. 4, 8 and 9, quick and easy separation of the pump 26
from the air motor 76 1s facilitated. The plunger 106 of the punp 26 15 coupled to the piston
shaft 104 of the air motor with a coupling 108, Preferably, the coupling 108 is of a design
that the plunger 106 may be laterally separated from the piston shaft 104 withowt requinng
axial separation. In other words, the coupling 108 provides a zero clearance coupling
hetween the piston shatt 104 and the plunger 106, Note from Fig. 11 that the distal end of the
plunger 106 may alternatively have a threaded connection with the coupling 108,

[3089] The second shelf 102 that helps support the pump 26 may include a slot 310, for
example a U~shaped slot. The slot 310 may be provided with a first flange 312, The pump
head 138 may have a U-shape that conforms to the slot 310 and also may include a second
flange 314 so that the pump head 138 may easily slide into and out of the slot 310 with a
tongue and groove style engagement. Screws 316 may be used to secure the pump head 138
second flange 314 with the first flange 312 of the second shelf 102, After the pump 26 18
mstalled and supported on the second shelf 102, the coupling 108 may be used to connect the
piston shaft 104 with the plunger 106. The electrical connector 308 may then be connected to
its mating part so that the pump heating device 264 is connected to the control circuit 72.
{0098} To remove the purop 26, the electrical conmector 308 may be disconnected, the
coupling 108 may be disconnected, the screws 316 may be loosened and then the pump 26
may easily be shd out of the slot 310 laterally and separated from the rest of the air motor 76.
60911 Refernng again to Fig. 4, an optional housing or cover 318 (shown in phantom) may
be used to enclose the actuator section 92 and the drive train section 4. Preferably, the cover
318 extends down to and may be attached to the pump head 138, As such, the upper end of
the phunger 106 extends into the housing 318, When the optional cover 318 1s used, the cover
318 1s removed prior to separation of the purap 26 from the air motor 76.

16092} If there 1s a leak in the pump 26, the pressurized heated fluid M could escape up into
the housing 318. Accordingly, an optional viewing port 320 allows visual inspection of the
coupling 108 area inside the housing 318 withowt first having to remove the housing 318,

The viewing port 320 may be realized, for exarple, using a sight glass or light pipe 322 or
other suitable device. In some embodiments, the viewing port 320 and sight glass 322 are
imcorporated into the pump head 138 in a seal tight manner, however, the viewing port 320
may be provided in multiple viewing ports may be provided as needed.

{0093} With reference to Figs. 13-15, in sorne emboduments, a heating device 26a, one or
more heating devices 330 may be distributed about the pump cyhinder 332, For example,

heating device{(s) 330 may wnclude a heating rod 334, such as a carinidge-sivie heater that may
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mclude a wire coil disposed within a rigid case. Fach heating rod 334 may be accepted in a
blind bore 336 that may be provided in the pump evlinder 332, and that aligns with a through
hole 344 in the pump head 346 so that the upper ends of the heating rods 334 extend out of
the pump. Each pump head through hole 344 may include a threaded portion 338, Each
heating rod 334 may also have a threaded portion 340 that mates with the through hole
threaded portion 338, When mstalled, each heating rod 334 may hang down into the
respective biind bore 336 bui preferably with a close enough fit to provide good heat
exchange with the pump cylinder 332. The upper ends of the heating rods 334 may include
electrical contacts 342 for connection to the control circunt 72 via an electrical connector. Al
other components in the embodiment of Figs. 13-15 mav be but need not be the same as the
above described embodiments. Because the heating rods 334 are disposed in the blind borgs
336 i the pump cvlinder 332, there 1s no need for a heating device casing 132 disposed about
the pump cyhinder 332. However, a pump cover (not shown) may be provided as needed.
{3694 In another alternative embodiment, a heating device for the pump 26 may be realized
in the form of a flat or thin heating ribbon, as contrasted to the heating cable embodiment or
the heating rod emabodiment.

Filter Assernbly

6095} With reference to Figs. 16-19, the filter F of Fig. 1 may also be provided with an
internal heating device. For example, in some embodiments, a filter 350 may inchide an
moternal filter heating device 352 with sunmular design features to the internal heating device
26a of the pump 26. However, different infernal heating device designs may be used as
needed.

{3896} The filter 350 may include a filter body 354 that 1s connected to a filter head 356
using a suitable clamp 338 such as, for example, a sanitary connection as used with the pump
26. The filter body 354 delimuts an internal filter volume V within the filter 350, The filter
body 354 and filter head 356 may enclose a filter element 360 that is preferably disposed
within the vohuime V and concentrically within the filter body 354, A fhuid inlet 362 adnuts
material, for example, the pressurized heated material M, 1nto the filter 350, The heated
material M may pass through the filter element 360 and then pass out of the filter 350 through
a filter outlet 364. A spring 366 may be usad to help support the filter element 360.

{3097} In some embodiments, the internal filler heating device 352 may be a heating device
368 that 1s attached to the HHer body 354 or, for example, a resistive wire bundle or cable that
generates heat when electric current passes therethrough. The heating device 368, for

example, may be a single continuous wire bundle or may comprises multiple wired bundles
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or may also be a single conductor. Copper wire 1s an example of a material that may be used
for the heating device,

{6098] The heating device 368 may be flexible and attached to the filter body 354 so as o be
in intimate thermal heat exchange with the filter body 354, thereby providing heat transfer
from the heating device 368 into the interior filter volume V. Ag illusirated m Figs. 18 and
19, the heating device 368 may be disposed 10 a groove or recess 370 that may be formed in
an exterior surface 354a of the filter body 3534, The heating device 368 may be press fit or
swaged into the groove 370 50 as to provide intimate and strong contact between the heating
device 368 and the filter body 3534, By staking the heating device 368 mto the groove 370,
the heating device 368 may be stable and securely held in place regardiess of temperature
excursions. By recessing the heating device 368 from the exterior surface 354a, a heating
device filter casing 372 may be positioned on the filter body 354 with a smooth appearance
and also to miniroize gaps between the heating device {ilter casing 372 and the filter body
354. However, recessing the heating device 368 is not required. Preferably, the heating
device filter casing 372 has a low thermal conductivity so that the heat produced by the
heating device 368 i3 conducted into the heating material M through the filter body 354 wall.
A suitable material for the heating device filter casing 372 moay be 303 stainless steel, 316
stainless steel, and/or non-metallic such as ceramic or plastic,

{6099} The heating device 368 may be realized in the form of a flexible wire bundle or cable.
In some embodiments, the heating device 368 may be wrapped around the filter body 354 in
a helical or spiral manner along the groove 370, such as with a press fit. The electrical ends
of the heating device 368 likewise may be but need not be routed out through the filter head
356, The estent to which the heating device 368 is provided on the filter body 354, as to size
and placernent, may be based on the thermal conductivity of the filter body 354, the heat
generating capacity of the heating device 368, and the amount of heat needed so that the
heated material M {lows through the filter 35G. The filter body 354 is praferably made of a
high thermally conductive matenal, for example, stainless sieel. Ag with the purop 26, many
different ways may be used to apply the heating device 368 {0 the filier body 354.

[30190] As with the pump 26, the filter heating device 368 may be connected to the
control circuit 72, and one or more temperature sensors 374 connected with the control circuit
72 may be used to detect temperature of the heated material inside the filter 350, The control
circuit 72 may then produce a heating device control signal to the heaing device 368 based

on the temperature sensor output signais.
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Environment Control System

[001681] Figs. 204, B provide an exeroplary embodiment of the enviroruuent control
svstem 400 including one or more insulated container(s) 401, 501, In some embodiments,
heating may be impractical for all components and conduits of the syvstem 106. Therefore, it
may be desirable to enclose unheated components and/or conduits in the one or more
mosulated container(s) 401, 501 providing an efficient manner o maintain the heated matenal
M at a desired temperature. The environment control system 400 may reduce exposure of the
heated material M to room temperature, for example, preventing the heated material M from
solidifving. For example, if the pump 26 and/or the conduit heating devices were to turm off
or malfunction, the containers 401, 301 may be configured to maintain the enclosed
components and/or conduiis of the system 10 at an elevated temperature. When the pump 26
and/or conduit heating devices were {o regain normal operation, the enclosed heated material
M may again circulate without additional recovery efforts to melt the heated material M in
the unenclosed portion of the system 10.

[30102] Although the insuiated container 401 15 depicted in Figs. 20A, B, similar
elemenis and reference numbers may be applied {0 the insulated container 501, For example,
the insulated containers 401, 501 mayv each embody a box includimg a rigid material 404 lined
with one or more lavers of msulating material 406, In some embodiments, the rigid material
404 may inchide a metal {e.¢., steel) and the insulating material 406 may inchude fiberglass,
rock wool, and/or cethilose. The contamner 401 mway also include a door 408 configured to
provide access 1o the chamber 402, For example, in some embodiments, the door 408 may be
configured to pivot about hinge 409 {o open and close. However, in some embodiments, the
door 408 may open and close through other mechanmisms, such as shiding along a slot in the
container 401 {(not shown).

[B0103] The environment control system 400 may define the environment control
chamber 402 enclosing one or more components of the system 10, For example, as further
depicted in Figs. 204, B, insulated container 401 may enclose at least a portion of pressure
feed conduit 48, the filter 350, and/or the regulator R upstream of the dispenser(s} 44. One or
more openings may be provided through a wall of the insulated container(s} 401 to allow
access 1o the components. For example, the container 401 may inchude one or more openings
410 through the container 401 to provide the flow path FP via conduit 48 in and out of the
chamber(s) 402. To some embodiments, in some ernbodiments, the openings 410 oay include
a coupling 411 that couples discrete segments of the conduit 4% and allows quick

connect/disconnect from the rest of the systemn 10. However, n some embodiments, a single
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conduit 48 may extend through the opeming 411, Additional openings {not shown) may be
provided through nsulated contaimer 401, for example, to allow access for power supplies for
one or more of the enclosed components and/or accommodate the drain valve D for the filter
F. The environment control system 400 may, additionally or alternatively, enclose other
components, such as connectors, valves, pressure sensors, and/or flow sensors.

[G0104] The environment control system 400 may also include a heating device 412 a
temperature sensor 414, and/or a fan 416 to controf the environment of the chamber 402, The
heating device 412 may be configured {o receive command signals from the control circuit 72
and generate heat to maintain the temperature of the heated material M, for example, between
about 100° F and 110° F. The insulated container 401 may be configured to heat the material M
at an elevated temperature {o.g., 113-180° F) to increase heat transfer. In some embodiments,
the heating device 412 may nclude a forced convection heater to provide consisient heating
m chamber 402, For example, the forced convection heater may be configured to heat
chamber 402 through air convection currents across a heater. The temperature sensor 414 may
be configured to detect the environmental conditions of the chamber 402 and ransmit an
indicative signal to control circuit 72, In some embodiments, the temperature sensor 414 may
mochide a thermostat configured fo turn the heating device 412 on/oft based on the detected
temperature. The fan 416 may be configured o merease air circulation of the chamber 402 based
on a control signal generated by the countrol circuit 72. The environment control system 400
may also mclade other sensors (e.g., a relative humidity sensor) and/or actuators (e.2., a
hunudifier) configured o control the environment enclosed by the msulated container 401,
{B0105] Advantageously, the environment control system 400 may efficiently maintain
components of the svstem 10 above a entical manimum temperature, for example, preventing
the enclosed heated material M from solidifying under normal conditions, even when pumyp
26 and/or conduit heating devices are powered off. The environment control system 400 may
reduce exposure of the heated material through the loop to componentis operating at an
ambient air temperature. In some embodiments, at least one component {e.g., filter F)
enclosed by msulated container 401, 301 may include an mternal heating device {e.g., heating
device 368). In some embodiments, the internal heating devices of the enclosed components
are omutted.

Angular Dispensing System

[30106] Figs. 21 A-C provide an exemplary embodiment of a dispensing svstern 600
configured to apply heated material M onto surface(s) of one or more substrates 49, As

hustrated in Figs. 21 A-C, the subsirate(s) 49 may be arranged on the convevor 51 and
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advanced along a convevance axis {Y-axis) running a longitudinal tength of the conveyor 31,
The conveyor 31 may also define a vertical axis (Z-axis) extending perpendicularly to the
surface of the surface of the convevor 31. The conveyor 51 may further define a lateral axis
{(X-axis) extending laterally of the longitudinal axis of the conveyor 51. The axes (X, Y, Z)
may be mutually perpendicular to define a coordinate svstem defining an orientation of the
one or more dispenser{s) 44, such as a first dispenser 44a configured to apply a first stream
47a and a second dispenser 44b and configured to apply a second stream 47b. The

substratefs) 49 may be arranged in one or more rows 1o be efficiently coated by the streams

47¢a, b).
[G0167] For example, as depicted in Fig. 21B-C, the first dispenser 44a may definea

first lateral angle, oy, in a plane defined by the lateral axis (X-axis} and the vertical axis {Z-
axis), and a first vertical angle, B, in a plane defined by the convevance axis (Y-axis) and the
vertical was (F-axis). Sinularly, the second dispenser 44b may define a second lateral angle,
oz, in the X-7 plane, and a second vertical angle, ;. in the Y-Z plana. Therefore, each of the
dispensers 44 may be oriented in a compound angle («n, B) by having a non-zero angle in each
of the X-Z and Y-Z planes. In some embodiments, the first dispenser 44a may be configured
to substantially mirror the second dispenser 44b relative to the vertical axis 604, such that the
first lateral angle, wy, has a magnitude substantially equal to the second lateral angle, a;, but
extending n an oppostie divection. Sinularly, the first vertical angle, Bi, may have a
magnitude substantially equal the second vertical angle, B, but extending in an opposite
direction. The configuration may enable dispensers 44(a, b) to coat multiple surfaces of the
substrates 49 simultancously. For example, the substrates 49 may in the form of a rectangular
product having a front surface 550, a rear surface 552, a top surface 584, a first side surface
556, a second side surface 538, and a bottom surface (not shown).

(G0 108] Due to the compound angle {x, B, the first and second dispensers 44(a, b) may
be oriented to apply heated material M onto a plurality of suwfaces of the substrates 49. For
example, the first dispenser 44a may be configured to applyv the heated material M onto the
front surface 550, the top surface 554, and the first side surface 556, The second dispenser
44b may be configured to apply the heated material M onto the rear surface {not shown), the
top surface 554, and the second side surface 558, Accordingly, the dispensers 44(a, b} may
apply a single coating of the heated material M to the surfaces 550, 552, 556, 538, and the top
surface 554 may be double coated. In some embodiments, the subsiraie 49 may then be
flipped and passed through the streams 47(a, b) a second time to apply a double coating to a

bottom swrface (noi shown), and a second coating o surfaces 550, $52, 556, 5358, Therefore,
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the first and second dispensers 44(a, b} may be oriented to apply two coatings to each of the
surfaces. In preferred embodiments, the dispensers 44{a, b} may be onented 1 a symmelric
orientation with respeact to the vertical axis, Z, to provide an even coating on the exposed
surfaces of the subsirate(s) 49. For example, in some embodiments, the angles (w, f) may be
set between about 15 and 60 degrees, and more particolarly, about 45 degress.

[6016%9] The angles (v, B) roav be adjusted to affect the coating on each of the surfaces
and fo accommmaodate substrates 49 of varying sizes. For example, increasing the first lateral
angle, o), may mncrease the application of the heated material M onto the front surface S50 of
the substrate 49, while reducing the apphication of heating material M ounto the top surface
554 of the substrate 49, and vice versa. Sumlarly, increasing the first vertical angle, By, may
increase the application of the heated material M onto the front surface 502 of the substrate
49, while reducing the application of heated material M onto the top surface 554 of the
substrate 49, and vice versa. In another exarople, smaller vertical angles, o, may be required
for substrates with a larger height dimension. Furthermore, depending on the angles (o, B,
the sireams 47{a. b} may generate a shadow 512 that may be controlled io not overiap
adjacent substrates 49 (e.g., preventing a shadow effect). For example, in some
embodiments, the angles {«, ) may be automatically conirolled based on a vanety of inputs,
as further discussed, for example, with regard to Fig. 22.

{60110 The first and second streams 47(a, b) may be in the form of a flat spray having
a lateral dimnension substantially larger than a vertical dimension. For example, as depicted in
Figs. 21 A, C, the dispensers 44{a, b} mav be configured 1o apply the heated material M onio
multiple substrates 49 in a row simulianecusty. In a preferred embodiment, the compound
angle (o, B) may orient the dispensers 44¢(a, b} (o apply the heated material M without
generating the shadow 512 that overlaps with adjacent subsirates 49(a, b) {e.g., shadow
effect). It is also contemplated that the dispensers 44(a, b) may be positioned, such that the
streams 47{a, b} do not overiap each other {as depicied in Fig. 218} in order to optimize the
application of the heated material M.

00111} Each dispenser 44(a, b) roay be supported and reoriented by an arm 610(a, b)
actuated by a motor 612{a, b). For example, the arms 610(a, b} may include one or more
articulating segments configured to adjust one or more of the angles (q, P} of the dispensers
44{a, b). The arms 610(a, b) may include a first and second segments configured to rotate in
one or more planes. The dispensers 44¢a, b) may also be adjusied through a swivel
connection 614{a, b} that enables lateral rotation and pivoting relative to the segments of the

arms 610(a, b). The dispensers 44{a, b}, the arms 610, b), and/or the swivel connection

-20._



WO 2017/008027 PCT/US2016/041539

614{a, by may be actuated by the molors 612(a, b} based on a conirol signal {rom the control
circuit 72, as further discussed with vegard to Fig. 22

[00112] In some embodiments, the system 10 may include one or more sensors to
detect the position and/or dimensions of the substrate(s) 49 and generate a signal. For
example, one or more optical registration devices (e.g., cameras 620} may be configured to
capture an image of the substrates 49 on the conveyor 51 and {ransmit the image to the
control circuit 72, Other optical registration devices mav be included, such as ultrasonic,
radar, and/or laser detection sensors.

[08113] The sensors may nclude weight sensors (e.g., capaciive displacerent
sensors) in the conveyor 51 to detect the positioning of the substrates 49. The control circuit
72 may be configured to process the signal {e.g., the image} with seftware to extract data
from the manufacturing process. For example, the control circuit 72 mayv be contigured to
extract dimensions of the substrates 49, such as a height H, a widih W, and/or a length L, as
depicted in Figs. 21B-C. The control circuit 72 may also deterniine the distance X between
adjacent substraies 49, In order to correlate the detected substraies 49 to the stream 47, the
control circuit 72 may be further configured to count steps to predetermined distances and/or
determune a tiroe delay between the detected position onthe conveyor 31 and the location of
the stream 47. The predetermined distances and/or time delay may enable the system 10 to
adjust dispensers 44 based on the position of the substrate 49, For example, the dispensers 44
may only turn on when the substrates 49 are in an application positioning. It may also enable
svstem 10 to adjust to substrates 49 of different sizes and/or arrangements.

[30114] Fig. 22 idlustrates a flow chart depicting exemplary steps of a method 2200 of
dispensing heated material (e.g., M) onto at least one substraie {e.g., 49) positioned on a
surface (e.g., the conveyor 31} For example, the dispenser(s} 44 may be adjustably orienied
at a compound angle (g, ) with respect to the conveyor 31 1o coat one or more surfaces of
the substrate(s) 4. The angle may be adjusied based on a number of faciors o oplimize a
desired coating withowt producing a shadow effect on adjacent subsirates 49,

[60115] In step 2210, the systern 10 may recetve at least one dimension of the
substrate(s}). The dimensions of the subsirate(s) 49 may include at Ieast one of the height H,
the width W, and the length L, and may be received through a mumber of different operations.
For example, the dimensions of the substrate(s) 49 may be received through detection of a
number different types of sensors, such as the camera 6520, The camera 620 may capture an

umage of the subsirate(s} 49 on the conveyor 51, which may be processed by the control
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circuit 72, The control circuit 72 may extract the height H, width W, and/or length L of each
of the substirate(s) 49 {0 be stored in date storage of the control circuit 72.

[00116] The dimensions may, additionally or altemnatively, be received from third
party servers and/or user input at user interface 200. For instance, a central server may send
the dimensions of the subsirates 49 {o the control circuit 72, The dirsensions of the
substrate(s} 49 may be considered in the angle of the dispenser{s) 44 to provide a proper
coating of the heated material M, but mav also be considered in preventing a shadow effect
on adjacent substrates 49, The length of the dispense on ¢ycle may be determined by a signal
from the sensors. The control circuit 72 may count steps to predetermuned distances and/or
determine a time delay betwaen the detected position on the conveyor 531 and the location of
the stream 47. The predetermined distances and/or time delay may enable the system 10 to
adjust dispensers 44 based on the position of the substrate 49, For example, the dispensers 44
may only turn on when the subsirates 49 are in an application positiorung. {t may also enable
svstem 10 to adjust to substrates 49 of different sizes and/or arrangements.

[36117] in step 2220, the svstem may recetve the distance X between the substrates 49.
For example, the distance X between the subsirates may be received in one or more of the
operations as discussed with regard to step 2210, For instance, in some embodients, the
control circuit 72 may extract the distances X between the substrates 49 based on processing
images captured by the camera 620. The distance between the substrates 49 may be
constdered in preventing a shadow effect on adiacent substrates 49.

[00118] in step 2230, the systerm 10 may recetve a desired thickness of the heated
material M on the subsirate. For example, the controf circuit 72 may receive a desired
thickness of each of the surfaces. The desired thickness may be received from the ceniral
servers and/or user input at user interface 200, as discussed with regard to steps 2210, 2220,
The desired thickness of the heated material M on the surfaces of the substrate may
congstdered in determining the angle of the dispensers 44,

1663119 In step 2240, the systermn 10 may adjust the onentation of the dispenser{s) 44
hased on the dimension, the distance X, and the desired thickness. For example, the conirol
circutt 72 may deternine optimal angles « P for each of the dispensers 44 based on the data
received in steps 2210-2230. For instance, the control circuit 72 may determine the required
lateral angle, o, for each of the dispensers 43 to dispense the heated material M onto the
substrate(s) without creating a shadow effect. Substrates 49 with a greater height may create
targer shadows 512 based on the lateral angle. o, of the dispensers 44, The vertical angles, p,

may also be adjusted based on the dimensions and/or the desired thickness on each of the
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surfaces. The conitrol circunt 72 may then generate and transmit 4 control signal to the motors
612{a, b) of the arms 610(a, b) to onent the dispensers 44(a, b) af the desired angles, «, .
(00120 In step 2240, the dispensers 44(a, b) may apply the heated material M 1o the
substrate at the adjusted angles o, .

Control Svstem for Application Pressure

{30121 Fig. 23 dlustrates a flow chart depicting exemplary steps of a method 2300 of
adjusting the application of a flud material (e.g., heated material M) {0 a substrate (g.g., 49}
The method 2300 may be performed by one or more components of system 10 to optimize
the spray pattern of the dispensers 44 based on the deternunation of the viscosity of the
heated material M. For example, in some embodiments, the viscosity may be determuned by
the control circuit 72 based on the detection of the pressure of the heated material M and the
flow rate of the heated material M in the conduit. The system may then adjust the application
of the heated roaterial M, for example, by adjusting the pressure of the flutd material in the
svstem 10 and/or indicating (o a user 1o introduce additional heated material M into the
system 10.

[38122] In step 2310, the svstem 10 mayv detect a pressure of the heated material M in
a conduit. For example, one or more of pressure sensors 70{A-C) may detect the pressure of
the heated material M in one or more of the conduits (e g., 32, 44, 52} and generate a signal to
control circuit 72 where the data may be stored. In some embodiments, the system 10 may
continually detect the pressure io moniior the material staie of the heated material M.

{B0123] In step 2320, the system 10 may detect a flow rate of the heated material M in
the condwit. For example, one or more of flow sensors 69(A-C} may detect the flow rate of
the heated material M in one or more of the condwits (e.g., 32, 48, 52} and generate a signal o
control circuit 72 where the data may be stored. The system 10 may continually detect the
pressure to monitor the material state of the heated material M.

[60124] in step 2330, the system 10 may determine the viscosity of the heated material
M based on the detected pressurefs) and flow rate(s). The control circuit 72 may delermine
the viscosily of the heated material M based on Poiseuille’s equation and the detecied tocal
pressure(s) and flow rate(s). For example, data from each flow sensor 69a may be correlated
with data from local pressure sensors 70a, to determine the viscosity of the heated material M
proximate thereof. In some embodiments, the control eircuit 72 may determine the viscosity
of the heated material M based on averaging the local viscosity at a plurality of locations m

system 10.
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[B0125] In siep 2340, the syvstem 10 may compare the determined viscosity (o a
reference value. The reference value may be accessed from a look-up table stored in the
control circuit 72 that may correlate deternined viscosities to desired spray settings of the
system 10. The control circuit 72 may determine if the determined viscosily is below a lower
reference value of a range, or if the determined viscosity if above a higher reference valoe of
the range. The range may correlate a viscosity value to a desired application of the heater
material M. If determined that the viscosily is mside of the reference range (NQO, step 2340),
control circuit 72 may retum to step 2310, However, if determined that the viscosity of the
heated matenial M 1s outside of a desired range (YES, step 2340), the spray area and/or
droplet size of the stream 47 may be adversely affected. Therefore, control circuit 72 may
generate a signal 1o perform one of more steps to adjust the viscosity of the heated maierial
M.

[66126] In step 2330, the control circuit 72 may adjust the application pressure of the
heated material M based on the signal generated v step 2340. For instance, the control
circuit 72 may generate a signal to the pump 26 o increase the fhuid pressure of the heated
material M based on a determination that the viscosity 15 too low, and vice versa.
Addionally or alternatively, the control circuit 72 may decrease the opening of the nozzle of
the dispenser 44 based on the viscosity being too low, and vice versa. The svstem 10 may
automatically adjust the amount of heated material M in the system 10 by transmitting signals
to actuators of the system 10, For example, the control circuit 72 may be configured (o
automatically adjust the drain valve 56 to remove heated material M from the system 10, The
control circuit 72 may actuate the step motors on the regulators R 1o adjust {e.g., tuwrn up or
down)} the regulaiors R. The control circuit 72 may, additionally or alternatively, introduce
additional material M o one or more supply 12,

(60127} In step 2360, the system 10 may, additionally or altermnatively, output an
indication to a user to adjust the material properties of the heated material M. For example,
control circuit 72 may transmit a signal to the user interface 200 to display an output (o the
user 1o adjust the amount of heated material M n systerm 10, For example, the ouiput may
direct the user to “ADD MORE FLUID MATERIAL” or "ACTUATE DRAIN VALVE TO
REMOVE FLUID MATERIAL.” Simularly, the oulput may direct the user {o adjust the
settings of the pump 26 and/or the dispenser(s) 44.

Control Svstem for Temperature Fall-Back

[60128] Fig. 24 illustrates a flow chart depicting exemplary steps of a method 2400 of

preventing the overheating of heated material M. One or more temperature zones of the

-33-



WO 2017/008027 PCT/US2016/041539

svstem 10 may be raised above the desired temperatare in order o transfer sufficient heat {o
the heated moaterial M as it 1s cuculated. For example, the heated material M moay be
propelled rapidly in one or more of the temperature zones requiring additional heat to be
applied for sufficient heat transfer. For example, the heated material M may have a desired
temperature of about 110-115° F, but in one or more of the temperature zones, the heaters
may apply heat at a running temperature range of about 125-180° F to increase heat transfer,
However, if the flow rate of the heated material M is reduced (e.g , if a conduit became
ternporarily blocked), the heated matenal M may become overheated and charred in those
teraperature zones. Accordingly, the conirol systern may perform method 2400 to provide
favorable heating conditions. Therefore, the svstem 10 may accomumodate a wide variety of
flow rates without expensive accumudators because the individual zones may be set to
provide sufficient heat o the heated material M, without the nisk of over-heating if the flow
were to slow or stop.

{30129 In step 2410, system 10 may apply heat 1o a fluid material {e. g, heated
material M) at a running setting. The running setting may apply heat to the heated material
M at a level optimal for the application of dispenser{(s) 44. In some embodiments, one or
mare of the heaters may apply varving levels of heat to create temperature zones in system
10, For example, the feed conduit heating device 30 may be configurad to apply an elevated
temperature (e.g., about 125-180° F} to the heated material M above the desired set point
because of the flow conditions downstream of the pump 26.

{30130] In step 2420, the system 10 may detect a flow rate of the heated material. For
example, the pressure sensors 70{A-C} may continually monitor the temperature of the heated
material M throughout the system and transmt indicative signals to the control circuit 72,
stoular to step 2230.

(00131} In step 2430, the system 10 may compare the flow rate of the heated material
1o a reference value. For example, if the control circut 72 determines that each of the
detected flow rates are at or above the reference value for each temperature zone (YES, siep
2430}, the control circuit 72 may returm {o step 2410 to continue applving the ruming
settings. However, controd circuit 72 may deternune that one or more of the detected flow
rates are below the reference value (NG, step 2430). For example, control circuit 72 may
detect a blockage of the heated material M in a condnt (e.g., feed condwut 48) by determining
that the flow rate detected by fow sensor 69¢ 15 less than a reference value assigned to flow

sensor 6%¢, and system 10 may then proceed {0 step 2440
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{B0132] In step 2440, the svstem 10 may reduce or interrupt heat for a predetermined
tine period. For exarople, if a reduced flow rate is detected in a conduit, the control circust
72 may generate a signal to one or more heaters to reduce or interrupt the heat applied to the
heated material M. The control circuit 72 may reduce or interrupt heat appliad by the heaters
throughout the systemn. In some embodiments, the control circuit 72 may reduce or interrapt
heat applied locally to the reduce flow rate and/or at the temperature zones elevated above the
desired termperature. Step 2440 may reduce the temperature of the heated material M to a
temperature that does not burn or char the heated material M.

[38133] {n step 2450, the system 10 mav apply heat to the heated material M at a
reduced setting. The reduced settings may include heating the heated material M at a reduced
temperature {e.g., 105-110° F) compared to the nmning temperatures. The reduced settings
may be above a critical temperature for the heated maternial M to remain 1 a fluid state, but
will not bumn or char the heated matenial. For example, the systermn 10 may power off the heat
{(step 2440}, then power on the heat to the reduced setting (step 2450} to gradually increase
the temperature of the heated material M.

[38134] In step 2460, the system 10 may determine if the flow rate is greater than the
reference value. For exarople, the control circuit 72 may deteroiine whether the blockage of
the svstem 10 1s removed and/or the flow of the heated material M 15 at a level suitable for
applying elevated temperatires. In some embodiments, the reference value of step 2460 may
be the same reference value of step 2430, If the control circuit 72 determmnes that the flow
rate 18 not greater than the reference value (NQ, step 2460}, the system 10 may continue {0
apply heat at reduced temperature (step 2450). Howevaer, if the control circuit 72 determings
that the flow rate 1s greater than the reference value (YES, step 2460), the systerm 10 may
proceed to step 2470

[00135] In step 2470, the system 10 may gradually increase the applied heat unuil the
running temperatures are obtained. For example, the system 10 may elevate the heat applied
by the heaters in a step-wise funciion, such as at a rate of about 5° F per minute.

[63136] The disclosure has been described with reference (o exemplary embodiments.
Modifications and alterations will occur to others upon a reading and understanding of this
specification and drawings. The disclosure is intended to include all such modifications and
alterations insofar as they come within the scope of the appended claims or the equivalenis

thereof
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What is claimed is:

1. A system for applying a material onto a surface of a substrate, the system
comprising:

a supply containing the material, the supply comprising a supply heating device
configured to provide heat to the material;

a pump comprising a pump inlet, a pump outlet, and a pump heating device, wherein
the pump inlet is fluidly coupled to the supply, the pump heating device is configured to
provide heat to the material, and the pump is configured to pressurize and discharge the
material through the pump outlet; and

at least one dispenser fluidly coupled to the pump outlet, wherein the at least one

dispenser is configured to apply the material onto the surface.

2. The system of claim 1, wherein the pump heating device comprises a resistive

heating device positioned inside of the pump.

3. The system of claim 2, wherein:

the pump further comprises a cylinder configured to provide a flow path for the
material between the pump inlet and the pump outlet, and

the resistive heating device is positioned externally of the flow path and configured to

apply the heat to the material by heat transfer through the cylinder.

4. The system of claim 1, wherein the dispenser comprises a dispenser heating
device configured to provide heat to the material and a temperature sensor configured to

detect a temperature of the material.

5. The system of claim 1, wherein the heat applied by the supply heating device

and the pump heating device is configured to reduce the viscosity of the material.

6.  The system of claim 5, wherein the material comprises at least one of chocolate,

oil, icing, and butter.

7. The system of claim 1, further comprising:
at least one temperature sensor configured to detect a temperature of the material and

generate a signal; and
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a control circuit in communication with the at least one temperature sensor, the supply
heating device, and the pump heating device,

wherein the control circuit is configured to receive the signal and adjust the supply
heating device and/or the pump heating device to maintain the material within a

predetermined temperature range.

8. The system of claim 1, further comprising:

a supply conduit configured to provide a flow path for the material between the
supply and the pump, the supply conduit comprising a supply conduit heating device; and

at least one feed conduit configured to provide a flow path for the material between
the pump and the dispenser, the at least one feed conduit comprising a feed conduit heating

device.

9. The system of claim 8, further comprising:
at least one flow sensor configured to detect a flow rate of the material through at
least one of the supply conduit and the at least one feed conduit, and generate a signal; and
a control circuit in communication with the at least one flow sensor, the supply
conduit heating device, and the feed conduit heating device,
wherein the control circuit is configured to:
compare the signal to a reference signal indicative of a predetermined flow
rate; and
adjust at least one of the supply conduit heating device and the feed conduit
heating device based on the detected flow rate being lower than the predetermined

flow rate.

10. The system of claim 1, wherein the at least one dispenser includes a first
dispenser oriented at a first angle to apply the material onto a front surface of the substrate,
and a second dispenser oriented at a second angle to apply the material on a rear surface of

the substrate.

11. The system of claim 10, wherein the first dispenser and the second dispenser are

symmetrically oriented.

12.  The system of claim 1, wherein the at least one dispenser includes a flat fan

pattern spray nozzle.
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13. A system for dispensing a material onto a surface of a substrate, the system
comprising:

a pump comprising a pump inlet and a pump outlet, wherein the pump is configured
to pressurize and discharge the material from the pump inlet and out through the pump outlet;

at least one dispenser fluidly coupled to the pump outlet and configured to apply the
material onto the surface;

a fluid flow path in fluid communication with the pump and the at least one dispenser;
and

an insulated container configured to enclose a portion of the fluid flow path.

14.  The system of claim 13, wherein the insulated container is a box comprising a

rigid material lined with a layer of insulating material.
15. The system of claim 14, wherein the rigid material is metal.

16. The system of claim 14, wherein the insulated container comprises a hinged

door configured to provide access to an interior of the insulated container.

17. The system of claim 13, wherein the insulated container comprises at least one
opening through a surface of the insulated container, wherein the at least one opening is
configured to enable the fluid flow path from an interior of the insulated container to an

exterior of the insulated container.

18. The system of claim 13, further comprising:

a heating device enclosed by the insulated container, the heating device being
configured to apply heat to an interior of the insulated container; and

a temperature sensor enclosed by the insulated container, the temperature sensor being

configured to detect the temperature of the interior of the insulated container.

19.  The system of claim 18, wherein the heating device of the insulated container

comprises a forced convection heater.

20. The system of claim 18, wherein the heating device is configured to maintain an

interior of the insulated container at a temperature between about 100° F and 180° F.
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21. The system of claim 13, further comprising a fan enclosed by the insulated
container, the fan being configured to increase air circulation of an interior of the insulated

container.

22.  The system of claim 13, wherein the insulated container does not enclose at least

one of the pump and the at least one dispenser.

23.  The system of claim 13, further comprising a filter in fluid communication with

the fluid flow path, wherein the filter is enclosed within the insulated container.

24. The system of claim 13, further comprising a second insulated container

configured to enclose a second portion of the fluid flow path.

25. The system of claim 24, wherein the portion of the fluid flow path enclosed by
the insulated container is upstream the at least one dispenser, and the second portion of the
fluid flow path enclosed by the second insulated container is downstream the at least one

dispenser.

26. The system of claim 13, further comprising a supply configured to contain the
material, the supply comprising a supply heating device configured to provide heat to the
material,

wherein the pump includes a pump heating device configured to provide heat to the

material.

27. A system for dispensing a material onto a substrate conveyed by a conveyor
along a conveyance axis, the system comprising:

a first dispenser configured to apply the material onto a front surface of the substrate,
the first dispenser being oriented at a first compound angle defined by a first vertical angle
and a first lateral angle, each relative to the conveyance axis; and

a second dispenser configured to apply the material onto a rear surface of the
substrate, the second dispenser being oriented at a second compound angle defined by a

second vertical angle and a second lateral angle, each relative to the conveyance axis.

28. The system of claim 27, wherein the first dispenser is configured to apply the
material onto the front surface, a top surface, and a first side surface of the substrate, and the
second dispenser is configured to apply the material onto the rear surface, the top surface, and

a second side surface of the substrate.
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29. The system of claim 27, wherein the first vertical angle has the same magnitude

as the second vertical angle.

30. The system of claim 27, wherein the first lateral angle has the same magnitude

as the second lateral angle.

31. The system of claim 27, wherein each of the first vertical angle, the second
vertical angle, the first lateral angle, and the second lateral angle is between about 15 degrees

and 60 degrees.

32. The system of claim 31, wherein each of the first vertical angle, the second

vertical angle, the first lateral angle, and the second lateral angle is about 45 degrees.

33. The system of claim 27, wherein a first stream of the first dispenser does not

overlap with a second stream of the second dispenser.

34. The system of claim 27, wherein each of the first dispenser and the second

dispenser includes a flat fan pattern spray nozzle.

35. The system of claim 27, further comprising:
a sensor configured to detect the substrate and generate a signal; and
a control circuit configured to process the signal to extract at least one dimension of

the substrate and adjust the angles of the dispensers based on the at least one dimension.

36. The system of claim 27, further comprising the conveyor configured to convey

the substrate along the conveyance axis.

37. A method of dispensing a material onto a plurality of substrates positioned on a
conveyor, the method comprising:

receiving, with a control circuit, at least one dimension of the plurality of substrates;

receiving, with the control circuit, a distance between adjacent substrates of the
plurality of substrates;

adjusting an angle of a first angle of a first dispenser and a second angle of a second
dispenser relative to the conveyor based on the at least one dimension and the distance; and

applying, with the dispenser, the material onto the plurality of substrates.
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38. The method of claim 37, wherein receiving the at least one dimension includes

receiving a height of the plurality of substrates.

39. The method of claim 37, further including receiving, with the control circuit, a
desired thickness of the material on a surface of the plurality of substrates,
wherein the adjusting the first angle and the second angle is further based on the

desired thickness.

40. The method of claim 37, further including:
detecting the plurality of substrates and generating a signal; and
processing, with the control circuit, the signal to determine the at least one dimension

and/or the distance.

41. A system for circulating a material in a flow circuit, and for periodically
applying at least some of the material onto a substrate, the system comprising;
a control system for adjusting the application of the material to the substrate, the
control system comprising:
a pressure sensor configured to detect a pressure of a flow of the material
through the flow circuit;
a flow sensor configured to detect a flow rate of the flow of the material
through the flow circuit; and
a control circuit in communication with the pressure sensor and the flow
sensor, the control circuit configured to:
determine a viscosity of the material based on the detected pressure
and the detected flow rate;
compare the determined viscosity to a reference value; and
generate a signal to modify an application pressure based on the

comparison.

42. The system of claim 41, wherein the control circuit is configured to modify the

application pressure by adjusting a pressure of a pump based on the signal.

43. The system of claim 41, wherein the control circuit is configured to direct the

signal to a display to indicate to a user to modify an amount of the material in the system.
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44. The system of claim 41, wherein the material includes at least one of chocolate,

oil, icing, and butter.

45. The system of claim 41, wherein the pressure sensor is located proximally of the

flow sensor.

46. The system of claim 41, wherein the comparing the determined viscosity
includes determining if the viscosity is below a first reference value of a range or above a

second reference value of the range.

47. The system of claim 41, further including a dispenser configured to apply the

material onto a surface of the substrate.

48. A method of adjusting an application of a material to a substrate, the method
comprising:

detecting, with a pressure sensor, a pressure of the material in a flow circuit;

detecting, with a flow sensor, a flow rate of the material in the flow circuit;

determining, with a control circuit, a viscosity of the material based on the determined
pressure and the determined flow rate;

comparing, with the control circuit, the determined viscosity to a reference value; and

generating, with the control circuit, a signal to adjust an application pressure based on

the comparison.

49. The method of claim 48, further comprising adjusting, in response to the signal,

a pressure of a pump of the flow circuit.

50. The method of claim 48, further comprising displaying, in response to the

signal, an indication to a user to modify an amount of the material.

51. The method of claim 48, wherein the material includes at least one of chocolate,

oil, icing, and butter.

52. The method of claim 48, wherein the comparing the determined viscosity
includes determining if the viscosity is below a first reference value of a range or above a

second reference value of the range.
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53.  The method of claim 48, further including applying the material onto a surface

of the substrate.

54. A control system for preventing overheating of a material in a conduit, the
control system comprising:
a heating device configured to apply heat to the material;
a flow sensor configured to detect a flow rate of the material; and
a control circuit in communication with the heating device and the flow sensor, the
control circuit configured to:
compare the detected flow rate to a reference value; and
generate a signal to the heating device to reduce or interrupt the heat applied to

the material based on the comparison.

55.  The control system of claim 54, wherein the control circuit is configured to
generate the signal to:
power off the heating device for a predetermined time period; and
power on the heating device at a reduced temperature relative to a running

temperature.

56. The control system of claim 55, wherein the reduced temperature is about 105-

110° F, and the running temperature is about 125-180° F.

57. The control system of claim 55, wherein the predetermined time period is about

two minutes.

58. The control system of claim 54, wherein the control circuit is further configured
to:
determine if the detected flow rate exceeds the reference value; and
increase the heat generated by the heating device based on the detected flow

rate exceeding the reference value.

59. The control system of claim 54, wherein the control circuit is configured to

increase the heat in a step-wise function.

60. The control system of claim 54, further including:
a plurality of heating devices configured to apply heat to the material at different

temperature zones of the conduit,
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wherein the control circuit is configured to generate different signals for each of the

temperature zones.

61. The control system of claim 60, wherein the control system is configured to

maintain constant heat applied to at least one of the temperature zones.

62. The control system of claim 60, wherein reducing the heat applied includes

reducing at least two of the temperature zones to different reduced temperatures.

63. A method of preventing overheating of a material in a conduit, the method
comprising:

applying, with a heating device, heat to the material in the conduit at a running
temperature;

detecting, with a flow sensor, a flow rate of the material through the conduit;

comparing, with a control circuit, the detected flow rate to a reference value; and

reducing the heat applied to the material based on the comparison.

64. The method of claim 63, wherein reducing the heat applied includes:

powering off, with the control circuit, the heating device for a predetermined time
period; and

powering on, with the control circuit, the heating device at a reduced temperature

relative to the running temperature.

65. The method of claim 64, wherein the reduced temperature is about 105-110° F,

and the running temperature is about 125-180° F.

66. The method of claim 64, wherein the predetermined time period is about two

minutes.

67. The method of claim 63, further including:

determining, with the control circuit, if the detected flow rate exceeds the reference
value; and

increasing, with the control circuit, the heat generated by the heating device based on

the detected flow rate exceeding the reference value.
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68. The method of claim 67, wherein the increasing the heat applied by the heating
device is performed in a step-wise function until the heating device reaches a running

temperature.

69. The method of claim 63, further including applying, with a plurality of heating

devices, heat to the material at different temperature zones of the conduit.

70. The method of claim 69, further including maintaining, with the control circuit,

constant heat applied to at least one of the temperature zones.

71.  The method of claim 69, wherein reducing the heat applied includes reducing at

least two of the temperature zones to different reduced temperatures.
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This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. |:| Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. |:| Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such
an extent that no meaningful international search can be carried out, specifically:

3. |:| Claims Nos.:

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. lll Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

see additional sheet

1. As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. |:| As all searchable claims could be searched without effort justifying an additional fees, this Authority did not invite payment of
additional fees.

3. |:| As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. m No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

1-12

Remark on Protest The additional search fees were accompanied by the applicant's protest and, where applicable, the
payment of a protest fee.

The additional search fees were accompanied by the applicant's protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

|:| No protest accompanied the payment of additional search fees.
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FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210

This International Searching Authority found multiple (groups of)
inventions in this international application, as follows:

1. claims: 1-12

A system for applying a material onto a surface, with heated
supply, a heated pump, and a dispenser

2. claims: 13-26

A system for dispensing a material, with an insulated
container enclosing a portion of the fluid flow path

3. claims: 27-40

A system for dispensing a material, with first and second
dispensers arranged in an angle

4. claims: 41-53

A system and a method for circulating a material in a flow
circuit, with a control circuit, and utilising measurements
of the viscosity for controlling the pressure in the flow

5. claims: 54-71

A control system and a method for preventing overheating of
a material in a conduit, with detection of the flow rate
used for controlling the heating device
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