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(57) ABSTRACT

An adhesive dispensing device includes a heater unit for
melting adhesive, a fill system communicating with a receiv-
ing space for feeding the heater unit, and a reservoir for
receiving melted adhesive from the heater unit. The dispens-
ing device also includes a capacitive level sensor located
along a sidewall of the receiving space such that the level of
adhesive in the receiving space can be detected by sensing the
difference in dielectric capacitance where the adhesive is
located compared to where air acts as the dielectric. The size
of the driven electrode produces a broader sensing window
capable of generating multiple control signals corresponding
to different fill levels of adhesive. The receiving space and
reservoir are minimized in size so that adhesive is not held at
elevated temperatures long enough to char or degrade.

0




Patent Application Publication May 5, 2016 Sheet 1 of 13 US 2016/0121359 A1




Patent Application Publication May 5, 2016 Sheet 2 of 13 US 2016/0121359 A1

FiLL

SR~ SYSTEM

ALy
AN
AL 4

g %
/ AN B o0 JONN
RREETA b ANAN
&5 0 N




US 2016/0121359 A1

May 5, 2016 Sheet3of 13

Patent Application Publication

1 e,

N

N
I

|

)
iy

m

x

e

FIG. 3



Patent Application Publication May 5, 2016 Sheet 4 of 13 US 2016/0121359 A1

11
: zg
&
® FILL
S A SYSTEM
M
/
A

©e

TEMPERATURE
SENSOR

13

TEMPERATURE
SENSOR




Patent Application Publication May 5, 2016 Sheet S of 13 US 2016/0121359 A1

R
)

Fi.L
SYSTEM

Jyﬁ%f“\\\:

FIG.B5 ¥~

9o~y
23

TEMPERATURE
SENSCOR

13

_[TEMPERATUREL
SENSOR

i § ‘
H ' i 1 i 1 g
: i A
& v ¥ 7
N g VR U A s NGRS U SR % S
2 ]




Patent Application Publication

May §,2016 Sheet 6 of 13 US 2016/0121359 A1

P

—F
I oM

Sl
\
\»&ﬂh w i)

”P

R
o
iiiiii z_a““”

130
FIG. 6

(%4

¢¢¢¢¢¢




Patent Application Publication May 5, 2016 Sheet 7 of 13 US 2016/0121359 A1

FIG. 7



Patent Application Publication May 5, 2016 Sheet 8 of 13 US 2016/0121359 A1

58a




Patent Application Publication May 5, 2016 Sheet 9 of 13 US 2016/0121359 A1

Qb

oM 1




Patent Application Publication May 5, 2016 Sheet 10 of 13 US 2016/0121359 A1

e — e o= =2
e ©y O\ <
Shpe-l |7 oy~ N

™ 40 ‘“"3/%
B~ =
O @\‘\ © %
95~ _N
™
v Vo]
o R \\ N



Patent Application Publication May 5, 2016 Sheet 11 of 13 US 2016/0121359 A1
500
™ START )
RETRIEVE UNIT SET POINT
TEMPERATURE AND
502~ ADJUSTMENT CURVE FOR
LEVEL SENSOR FROM
CONTROLLER
:
CALCULATE MAXIMUM
504 — OFFSET FORUNIT SET
POINT TEMPERATURE
MEASURE DIELECTRIC
506 —CAPACITANCE IN RECEIVING
SPACE WITH LEVEL SENSOR
02 REPORT NONADJUSTED
HAS FILL
N | MEASURED CAPACITANCE
SYSTEE‘% Eg%ﬁéf{f UMEE’ > TO CONTROLLER TO
e ADHESIVE? " DETERMINE FiLL LEVEL
N R
543~ SET OFFSET = 40 AND
TIME = 0, START TIMER
4
MEASURE DIELECTRIC 54
514 —CAPACITANCE IN RECEIVING
SPACE WITH LE\"EL SENSOR REPORT ADJUSTED MEASURED
. CAPACITANCE TO CONTROLLER
CALCULATE CURRENT TC DETERMINE FilLL LEVEL OF
2 '{ OFFSET BASED ON TIME ADHESIVE
3
52
518 is
' CURRENT
el N - ADJUST MEASURED CAPACITANCE
~OFFSET =07 BY COMPENSATING FOR
~ CURRENT OFFSET FROM UNIT SET
POINT TEMPERATURE USING
ADJUSTMENT CURVE FOR
, LEVEL SENSOR
HASFILL ™~ 3
~EYSTEM BEEN ACTUATED™N 534

AGAINTO SUPPLY

T ADHESIVE? "

%

FIG. 12

SET OFFSET = CURRENT OFFSET
+ 30 (LIMITED BY MAXIMUM

OFFSET) AND TIME = Q,
START TIMER




Patent Application Publication

5&&«[

CALCULATE CURRENT )

OFFSET BASED ON TiME Y

1

540 —

RETRIEVE OFFSET AND
TIME VALUES FROM
CONTROLLER AND TIMER

T BY 10 SECOND "

542

> WAS MOST
RECENT FILL SYSTEM

May §,2016 Sheet 12 of 13

2

Y
ACTUATION STOPPED °

~JIMER?.~"

}

544 -

SET DECAY SLOPE = X,
THE LOW PRESET SLOPE
VALUE

REPORT TO CONTROLLER
TO SUPPRESS FURTHER

™| FILL SYSTEM ACTUATIONS

FOR 20 SECONDS TOTAL

¥

545 —

SET DECAY SLOPE = Y,
THE HIGH PRESET SLOPE
YALUE

i

550 -

CALCULATE CURRENT
OFFSET AS A FUNCTION
OF DECAY SLOPE AND TIME
[CURRENT OFFSET =
OFFSET-(DECAY SLOPE)

* TIME}]

596

p 5
< CURRENT OFFSET ™
~NEGATIVE? -~

554 —

SET CURRENT OFFSET = O

a3

1

556 —

REPORT CALCULATED
CURRENT OFFSET 7O
CONTROLLER FOR USE N
ADJUSTING MEASURED
CAPACITANCE

END

FIG. 13

US 2016/0121359 A1




Patent Application Publication

May §5,2016 Sheet130f13  US 2016/0121359 A1l

FILL WHILE EMPTY, 275F SETPOINT
290
b0
280 y
_. 270 oo e
m \\ . et
b B —
i 260 = v e GRID
x It S R B S COMP TEMP
= 250 e SENSOR TEMP |
< N 602
2 240 \\v )
U N
% 230 ‘n-q]w “’[\A/\/"\M’/”F\/
ﬁ 3 E R R . A e _,(\"iM [
I-—‘ 220 : gt _,’-I J
, o004
210
200
0 20 40 60 80 100 120 140 160 180 200
TIME (SECONDS)
FIG. 14
TEMPERATURE COMPENSATION
COMPARISON
119800 é;)f(?
119600
oz
119400 |
{: Fa # # it f‘\/l Z}'j
= 119200 S A w A x\/f
{4 AW Y a" A\‘\ 4 !/
& 119000 N IS LA PR I TN AR
2 (‘.‘i’\ \“ \\‘5“ \ \\‘ ‘\- !“ \ ‘m-\!‘ : i\“ -
<L 118800 R S et G TN COMP, NEW
= P TN A NT WY oo EMPTY
g 118600 +—— 4 TR M B VR e FULL
% 118400 ™ - = COMP, ORIGINAL
0 o e FILL THRESHOLD
118200 -
118000 beer=— R S == =
117800 \3
0 50 100 150 200 250
&
SECONDS

FIG. 15



US 2016/0121359 Al

ADHESIVE DISPENSING DEVICE HAVING
OPTIMIZED RESERVOIR AND CAPACITIVE
LEVEL SENSOR

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a divisional of U.S. patent appli-
cation Ser. No. 13/799,622, filed Mar. 13, 2013, which claims
the benefit of U.S. Provisional Patent Application No. 61/703,
454, filed on Sep. 20, 2012, the disclosures of which are
incorporated by reference herein in their entirety.

FIELD OF THE INVENTION

[0002] The present invention generally relates to an adhe-
sive dispenser, and more particularly, to components of a melt
subassembly configured to heat adhesive prior to dispensing.

BACKGROUND

[0003] A conventional dispensing device for supplying
heated adhesive (i.e., a hot-melt adhesive dispensing device)
generally includes an inlet for receiving adhesive materials in
solid or liquid form, a heater grid in communication with the
inlet for heating the adhesive materials, an outlet in commu-
nication with the heater grid for receiving the heated adhesive
from the heated grid, and a pump in communication with the
heater grid and the outlet for driving and controlling the
dispensation of the heated adhesive through the outlet. One or
more hoses may also be connected to the outlet to direct the
dispensation of heated adhesive to adhesive dispensing guns
or modules located downstream from the dispensing device.
Furthermore, conventional dispensing devices generally
include a controller (e.g., a processor and a memory) and
input controls electrically connected to the controller to pro-
vide a user interface with the dispensing device. The control-
ler is in communication with the pump, heater grid, and/or
other components of the device, such that the controller con-
trols the dispensation of the heated adhesive.

[0004] Conventional hot-melt adhesive dispensing devices
typically operate at ranges of temperatures sufficient to melt
the received adhesive and heat the adhesive to an elevated
application temperature prior to dispensing the heated adhe-
sive. In order to ensure that the demand for heated adhesive
from the downstream gun(s) and module(s) is satisfied, the
adhesive dispensing devices are designed with the capability
to generate a predetermined maximum flow of molten adhe-
sive. As throughput requirements increase (e.g., up to 20
Ib/hour or more), adhesive dispensing devices have tradition-
ally increased the size of the heater grid and the size of the
hopper and reservoir associated with the heater grid in order
to ensure that the maximum flow of molten adhesive can be
supplied.

[0005] However, large hoppers and reservoirs result in a
large amount of hot-melt adhesive being held at the elevated
application temperature within the adhesive dispensing
device. This holding of the hot-melt adhesive at the elevated
application temperature may keep the hot-melt adhesive at
high temperature for only about 1 to 2 hours during maximum
flow, but most conventional adhesive dispensing devices do
not operate continuously at the maximum flow. To this end, all
adhesive dispensing devices operate with long periods of time
where the production line is not in use and the demand for
molten adhesive is zero, or lower than the maximum flow.
During these periods of operation, large amounts of hot-melt
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adhesive may be held at the elevated application temperature
for long periods of time, which can lead to degradation and/or
charring of the adhesive, negative effects on the bonding
characteristics of the adhesive, clogging of the adhesive dis-
pensing device, and/or additional system downtime.

[0006] Inaddition, the supply of adhesive material into the
hopper must also be monitored to maintain a generally con-
sistent level of hot-melt adhesive in the adhesive dispensing
device. Adhesive, generally in the form of small shaped pel-
lets, is delivered to the hopper by various methods, including
manual filling and automated filling. In one known method of
filling the hopper, adhesive pellets are moved into the hopper
with pressurized air that flows at a relatively high rate of
speed. In order to monitor the level of hot-melt adhesive in the
hopper, the hopper may include a level sensor in the form of
a probe or some other structure extending into the middle of
the hopper to detect the amount of adhesive material located
in the hopper. As the adhesive pellets are delivered into the
hopper by various methods, the probe may collect adhesive
material that sticks on or splashes onto the probe. This col-
lection of adhesive material, if not rapidly removed, may
adversely affect the accuracy of readings from the level sen-
sor. However, it has proven difficult to remove this collection
of adhesive material from probe-like level sensors during
operation. Thus, in circumstances of high throughput through
the adhesive dispensing device, a lag in accurate readings
from the level sensor could lead to insufficient or excessive
levels of adhesive material within the hopper.

[0007] For reasons such as these, an improved hot-melt
adhesive dispenser device and level sensor would be desirable
for use with different types of hoppers and different types of
filling processes.

SUMMARY OF THE INVENTION

[0008] According to one embodiment of the invention, a
fluid level sensor is configured to measure a fill level of a hot
melt adhesive within a receiving space at least partially
defined by a sidewall and configured to receive adhesive to be
melted. The level sensor includes a plate element having an
electrically driven electrode and a ground electrode opera-
tively connected for measuring a dielectric capacitance of air
and adhesive acting as a dielectric between the driven and
ground electrodes. The ground electrode is electrically con-
nected to the sidewall such that the sidewall forms at least a
portion of the ground electrode. The level sensor also includes
at least one fastener mount connected to the plate element.
The fastener mount is adapted to receive a fastener that
couples the plate element into adjacent relationship with the
sidewall. As a result, the dielectric capacitance measured by
the plate element varies with the fill level of the adhesive in
the receiving space.

[0009] In one aspect, the plate element is a printed circuit
board. In another aspect, the plate element is sized to engage
a majority of the sidewall such that heat energy conducted
through the sidewall is transferred to the plate element. This
heat energy rapidly melts off any adhesive residue on the plate
element above the fill level of the adhesive. Consequently,
localized effects such as adhesive pellets sticking onto the
plate element have minimal effect on the readings of fill level,
unlike probe-like level sensors that may be affected for long
periods of time by the sticking of adhesive pellets to the level
sensor. Therefore, the plate element may be mounted flush
with the sidewall. Additionally, a gasket may be located
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between the sidewall and the plate element to prevent adhe-
sive from flowing between the sidewall and the plate element.
[0010] In another aspect, the driven electrode defines a
plate surface area and the sidewall defines a sidewall surface
area. The size of the driven electrode and the plate surface
area relative to the sidewall surface area is maximized to
provide a broader sensing window. The broader sensing win-
dow is capable of generating multiple control signals corre-
sponding to different fill levels of adhesive. In one example,
the ratio of the plate surface area to the sidewall surface area
is higher than 0.4 to 1. However, the ratio between these
surface areas may be modified in other embodiments as long
as the broader sensing window is maintained by the size of the
plate element and the driven electrode.

[0011] Inanother aspect, the plate element includes a front
face that faces towards the adhesive in the receiving space.
The front face includes an inner portion separated from an
outer portion by an electric barrier. The inner portion operates
as the driven electrode described above. In some embodi-
ments, the outer portion of the front face operates as the
ground electrode. In other embodiments, the receiving space
is also partially defined by an opposite sidewall facing
towards the plate element, and the outer portion of the front
face operates as an electrically driven shield. This driven
shield forces the level sensor to measure the dielectric capaci-
tance of air and adhesive located between the driven electrode
and the opposite sidewall.

[0012] The fluid level sensor measurements of dielectric
capacitance are also affected by the temperature of the level
sensor, which varies as a result of cold pressurized air and
unmelted adhesive periodicially entering the receiving space.
In order to compensate for this, the fluid level sensor may also
include atimer operatively coupled to the plate element and to
a controller, and a control subroutine loaded onto the control-
ler. The controller operates to receive the dielectric capaci-
tance measurements and uses those measurements to control
when a fill system is actuated to provide more unmelted
adhesive to the receiving space. The control subroutine auto-
matically compensates for temperature changes at the level
sensor by estimating the temperature changes at the plate
element based on a time measured by the timer since a most
recent actuation of the fill system. As a result, the additional
expense and maintenance associated with adding another
temperature sensor at the level sensor is avoided.

[0013] According to another embodiment of the invention,
afluid level sensor is configured to measure a fill level of a hot
melt adhesive within a receiving space at least partially
defined by a sidewall. The level sensor includes a plate ele-
ment having a printed circuit board. The level sensor also
includes an electrically driven electrode and a ground elec-
trode located on the printed circuit board and operatively
connected for measuring a dielectric capacitance of air and
adhesive acting as a dielectric between the driven and ground
electrodes. The ground electrode may be electrically con-
nected to the sidewall such that the sidewall forms at least a
portion of the ground electrode. The plate element is posi-
tioned such that the dielectric capacitance measured by the
plate element varies with the fill level of the adhesive.
[0014] In yet another embodiment according to the inven-
tion, a fluid level sensor is configured to measure a fill level of
a hot melt adhesive within a receiving space at least partially
defined by a sidewall having a sidewall surface area. The level
sensor includes a plate element. The level sensor also includes
an electrically driven electrode located on the plate element
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and defining a plate surface area. The level sensor further
includes a ground electrode located on the plate element and
operatively connected to the driven electrode for measuring a
dielectric capacitance of air and adhesive acting as a dielectric
between the driven and ground electrodes. The ground elec-
trode may be electrically connected to the sidewall such that
the sidewall forms at least a portion of the ground electrode.
The plate element is positioned such that the dielectric
capacitance measured by the plate element varies with the fill
level of the adhesive. Moreover, the size of the driven elec-
trode and the plate surface area relative to the sidewall surface
area is maximized to provide a broader sensing window. The
broader sensing window is capable of generating multiple
control signals corresponding to different fill levels of adhe-
sive within the receiving space.

[0015] According to another embodiment of the invention,
a melt subassembly is configured to receive and melt a hot
melt adhesive. The melt subassembly includes a sidewall at
least partially enclosing a receiving space for receiving
unmelted adhesive. A heater unit is positioned to receive the
adhesive from the receiving space and then heat and melt the
adhesive. The melt subassembly also includes a fluid level
sensor for measuring a fill level of the adhesive within the
receiving space. The level sensor includes a plate element
having an electrically driven electrode and a ground electrode
operatively connected for measuring a dielectric capacitance
of air and adhesive acting as a dielectric between the driven
and ground electrodes. The ground electrode may be electri-
cally connected to the sidewall such that the sidewall forms at
least a portion of the ground electrode. The level sensor also
includes at least one fastener mount connected to the plate
element. The fastener mount is adapted to receive a fastener
that couples the plate element into adjacent relationship with
the sidewall. As a result, the dielectric capacitance measured
by the plate element varies with the fill level of the adhesive.

[0016] In still another embodiment according to the inven-
tion, an adhesive dispensing device is configured to receive
unmelted adhesive, melt and heat the adhesive, and then
deliver the melted adhesive for dispensing. To this end, the
adhesive dispensing device includes a heater unit adapted to
heat and melt an adhesive to an elevated application tempera-
ture, a receiving space defined at least partially by a sidewall
and positioned to feed the adhesive through the heater unit,
and a reservoir positioned to receive the adhesive from the
heater unit. The receiving space and the reservoir define a
collective storage volume that is minimized such that the
adhesive is not held at the elevated application temperature
long enough to degrade or char during periods of low adhe-
sive flow. The adhesive dispensing device also includes a
pump for directing the adhesive out of the reservoir, and a
level sensor for measuring a fill level of the adhesive within
the receiving space. The level sensor includes a plate element
having an electrically driven electrode and a ground electrode
operatively connected for measuring a dielectric capacitance
of air and adhesive acting as a dielectric between the driven
and ground electrodes. The ground electrode may be electri-
cally connected to the sidewall such that the sidewall forms at
least a portion of the ground electrode. The level sensor is
coupled into adjacent relationship with the sidewall such that
the dielectric capacitance measured by the plate element var-
ies with the fill level of the adhesive. This measurement
enables the rapid delivery of additional adhesive to the receiv-
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ing space following removal of adhesive from the reservoir to
avoid emptying the heater unit and the reservoir during peri-
ods of high adhesive flow.

[0017] Inone aspect, the collective volume of the receiving
space and the reservoir is less than two liters. However, the
level sensor is responsive enough to changes in the fill level of
adhesive to prevent the receiving space and the heater unit
from becoming depleted during periods of high throughput
despite the relatively small retained volume of adhesive in the
adhesive dispensing device. The adhesive dispensing device
may further include a cyclonic separator unit configured to
receive pellets of adhesive material in an air flow and reduce
the velocity of the air flow and the pellets of adhesive before
deposit into the receiving space. The pellets of adhesive
define a pellet shape that is optimized to enable reliable flow
of small amounts of adhesive material to refill the receiving
space in a controlled manner. The pellet shape is also opti-
mized to enclose a minimal amount of air when the adhesive
is stacked such that the level of adhesive within the receiving
space is accurately detected by the level sensor.

[0018] Inoneembodiment, the invention includes a method
for melting and delivering a hot melt adhesive from a melt
subassembly. The method includes supplying unmelted adhe-
sive from a fill system into a receiving space defined at least
partially by a sidewall. The adhesive is heated and melted to
an elevated application temperature with a heater unit com-
municating with the receiving space. The melted adhesive is
then pumped out of the melt subassembly for dispensing at a
dispensing device. A level sensor senses a fill level of adhe-
sive remaining in the receiving space. The level sensor
includes a plate element with an electrically driven electrode
and a ground electrode operatively connected for measuring a
dielectric capacitance of air and adhesive within the receiving
space. Similar to other embodiments, the level sensor is posi-
tioned adjacent to the sidewall such that the dielectric capaci-
tance varies with the fill level of the adhesive. The method
also includes actuating a new supply of unmelted adhesive
from the fill system whenever the fill level of adhesive drops
below a refill threshold.

[0019] Because the measured dielectric capacitance is
affected by changes in temperature at the level sensor, the
method may also include compensating the measured dielec-
tric capacitance with a current offset for changes in tempera-
ture at the level sensor. The current offset is a function of time
elapsed since a most recent supply of unmelted adhesive from
the fill system. For example, this compensating includes
retrieving an initial offset applied to the temperature of the
level sensor along with an adjustment curve known for dif-
ferent temperatures of the level sensor. The time elapsed since
the most recent supply of adhesive from the system is mea-
sured, and the current offset is calculated based on the initial
offset and the time elapsed since the most recent supply of
adhesive. The measured dielectric capacitance is then
adjusted using the adjustment curve and the current offset,
thereby adjusting the fill level measurement determined from
this dielectric capacitance.

[0020] In one aspect, the actuation of a new supply of
unmelted adhesive includes retrieving the current offset
applied to the temperature of the level sensor, as calculated
above. If the current offset is equal to zero, then the initial
offset is set equal to a first predetermined value, while if the
current offset is not equal to zero, the initial offset is set equal
to the current offset, plus a second predetermined value. To
this end, the offset is cumulative over time if the refills of the
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receiving space occur more frequently. The calculation of the
current offset may be performed by retrieving a decay slope
for the current offset and then subtracting a product of this
decay slope and the elapsed time from the initial offset to
determine the current offset. The decay slope may be set to
two different values depending on whether the most recent
supply of adhesive was stopped by a maximum threshold
cycle time for refilling being exceeded. In this regard, a higher
decay slope may be applied when the fill cycle time reaches a
maximum threshold cycle time because this indicates that the
level sensor may not be completely covered with cold adhe-
sive. However, alternative methods of estimating a tempera-
ture difference at the level sensor and compensating the cor-
responding capacitance readings may be used in other
embodiments.

[0021] In another embodiment according to the invention,
an adhesive dispensing device includes a melt subassembly
and a control subassembly. The melt subassembly includes a
heater unit adapted to melt and heat an adhesive to an elevated
application temperature, a receiving space positioned to feed
the adhesive through the heater unit, a reservoir for receiving
the melted adhesive from the heater unit, and a pump for
directing the adhesive from the reservoir to an outlet. The
receiving space and the reservoir define a collective storage
volume, and the heater unit defines a surface area in contact
with the adhesive. The control subassembly includes a con-
troller configured to operate the pump and the heater unit to
dispense adhesive material through the outlet. A relation of
the collective storage volume of the receiving space and the
reservoir to the surface area of the heater unit is minimized
such that the adhesive material is not held at the elevated
application temperature long enough to degrade or char dur-
ing periods of low adhesive flow. The adhesive material is also
heated rapidly enough to be dispensed at a maximum flow
rate during periods of high adhesive flow.

[0022] In one aspect, the relation of the collective storage
volume to the surface area of the heater unit is less than 1
cubic inch of volume to 1 square inch of surface area. More
particularly, the relation of the collective storage volume to
the surface area of the heater unit is about 0.7 cubic inches of
volume to 1 square inch of surface area. Consequently, the
collective volume of the receiving space and the reservoir
may be relatively small, such as about two liters. However, the
maximum flow rate of adhesive can still be delivered when
necessary despite the lowered amount of retained adhesive
within the adhesive dispensing device.

[0023] Theseand other objects and advantages of the inven-
tion will become more readily apparent during the following
detailed description taken in conjunction with the drawings
herein.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] The accompanying drawings, which are incorpo-
rated in and constitute a part of this specification, illustrate
embodiments of the invention and, together with a general
description of the invention given above, and the detailed
description of the embodiments given below, serve to explain
the principles of the invention.

[0025] FIG. 1 is a perspective view of an adhesive dispens-
ing device according to one embodiment of the current inven-
tion, with a subassembly cover closed.

[0026] FIG. 2 is a perspective view of the adhesive dispens-
ing device of FIG. 1, with the subassembly cover opened to
reveal a melt subassembly.
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[0027] FIG. 3 is a cross-sectional perspective view of at
least a portion of adhesive dispensing device of FIG. 2, spe-
cifically showing internal features of the melt subassembly.

[0028] FIG. 4 is a front view of the melt subassembly of
FIG. 3.
[0029] FIG. 5 is a cross-sectional front view of the melt

subassembly of FIG. 4.

[0030] FIG. 6 is a cross-sectional side view of the melt
subassembly of FIG. 4.

[0031] FIG. 7 is a perspective view of an alternative
embodiment of the adhesive dispensing device, including a
similar melt subassembly as the embodiment of FIGS. 1
through 6.

[0032] FIG. 8 is a cross-sectional perspective view of a
portion of the adhesive dispensing device of FIG. 7 taken
along line 8-8.

[0033] FIG.9is a front perspective view of the level sensor
installed within the melt subassembly of FIGS. 3 and 8.

[0034] FIG.10is arear perspective view of the level sensor
of FIG. 9.
[0035] FIG. 11 is across-sectional front view of a portion of

the melt subassembly of FIG. 4, including another embodi-
ment of a level sensor having a different size.

[0036] FIG. 12 is a flowchart illustrating a series of opera-
tions performed by a controller of the adhesive dispensing
devices of FIGS. 1 and 7 to compensate for temperature
changes at the level sensor.

[0037] FIG. 13 is a flowchart illustrating a series of opera-
tions performed by the controller to calculate a current offset
for the level sensor based on time, which is a function within
the series of operations shown in FIG. 12.

[0038] FIG.14isagraph showing test results during opera-
tion of the series of operations in FIG. 12 and the adhesive
dispensing device, thereby showing that the estimated tem-
perature of the level sensor tracks closely to the actual tem-
perature of the level sensor.

[0039] FIG.15isa graph showing test results during opera-
tion of the level sensor according to the series of operations in
FIG. 12, with a comparison of the capacitance measurements
of'the level sensor when the series of operations in FIG. 12 is
not used.

DETAILED DESCRIPTION OF THE
ILLUSTRATIVE EMBODIMENTS

[0040] Referringto FIGS. 1 through 3, an adhesive dispens-
ing device 10 in accordance with one embodiment of the
invention is optimized to retain a significantly smaller amount
of adhesive material at an elevated application temperature
than conventional designs while providing the same maxi-
mum flow rate when necessary. More specifically, the adhe-
sive dispensing device 10 includes a melt subassembly 12 that
may include a cyclonic separator unit 14, a receiving space 16
with a level sensor 18, a heater unit 20, and a reservoir 22.
Each of these elements is described in further detail below.
The combination of these elements enables a maximum flow
with approximately 80% less retained volume of molten
adhesive material held at the elevated application temperature
when compared to conventional designs.

[0041] The adhesive dispensing device 10 shown in FIGS.
1 through 3 is mounted along a wall surface, as described in
U.S. patent application Ser. No. 13/659,291 to Jeter (entitled
“Mountable Device For Dispensing Heated Adhesive™),
which is co-owned by the assignee of the current application
and the disclosure of which is hereby incorporated by refer-
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ence herein in its entirety. However, it will be understood that
the adhesive dispensing device 10 of the invention may be
mounted and oriented in any manner without departing from
the scope of the invention.

[0042] Referring to FIGS. 1 and 2, the adhesive dispensing
device 10 includes the melt subassembly 12 and a control
subassembly 24, both mounted along a common mounting
plate 26. The mounting plate 26 is configured to be coupled to
a support wall or structure in a generally vertical orientation
as shown. The melt subassembly 12 is mounted adjacent a
first terminal end 26a of the mounting plate 26, while the
control subassembly 24 is mounted adjacent a second termi-
nal end 265 of the mounting plate 26. In this regard, the melt
subassembly 12 is spaced from the control subassembly 24
such that the control subassembly 24 may be isolated from the
high operating temperatures (up to 350° F.) of the melt sub-
assembly 12.

[0043] The adhesive dispensing device 10 also includes
first and second subassembly covers 28, 30 configured to
provide selective access to the melt subassembly 12 and to the
control subassembly 24, respectively. As shown in the closed
position of FIG. 1, the first subassembly cover 28 is coupled
to the mounting plate 26 adjacent the first terminal end 26a
and is operable to at least partially insulate the melt subas-
sembly 12 from the surrounding environment. The second
subassembly cover 30 is coupled to the mounting plate 26
adjacent the second terminal end 265 and is operable to insu-
late the control subassembly 24 from the melt subassembly
12 and also from the surrounding environment. When the first
and second subassembly covers 28, 30 are closed, a thermal
gap 32 is formed between the subassembly covers 28, 30 and
therefore also between the melt subassembly 12 and the con-
trol subassembly 24. This thermal gap 32 further ensures the
isolation of the control subassembly 24 from the elevated
operating temperatures at the melt subassembly 12.

[0044] Each ofthe first and second subassembly covers 28,
30 is pivotally coupled to the mounting plate 26 at hinge
members 34 as shown in FIG. 2. Also shown in FIG. 2, the
first subassembly cover 28 includes vents 36 that may be used
to avoid overheating of the components of the melt subassem-
bly 12 held within the first subassembly cover 28. However,
none of these vents 36 are located towards the thermal gap 32
when the first subassembly cover 28 is closed. The second
subassembly cover 30 may also include vents (not shown)
facing away from the thermal gap 32 in a similar manner. The
mounting plate 26 also includes vents 36 positioned around
the melt subassembly 12 and around the control subassembly
24 in the illustrated embodiment. When the first and second
subassembly covers 28, 30 are opened as shown in FIG. 2, an
operator has access to the components of the melt subassem-
bly 12 and the control subassembly 24 such as when those
components need to be repaired. In some embodiments, the
melt subassembly 12 may also be pivotally mounted on lift-
off hinges (not shown) coupled to the mounting plate 26 so
that the melt subassembly 12 can also be pivoted as a unit
away from the mounting plate 26 to provide access to the back
sides of components of the melt subassembly 12 (for
example, to provide access to the connections for the level
sensor 18 at the receiving space 16). This pivotal coupling of
the melt subassembly 12 may be modified in other embodi-
ments without departing from the scope of the invention.
[0045] With continued reference to FIGS. 1 and 2, the first
subassembly cover 28 substantially encloses the entire melt
assembly 12 in the closed position, except for a top end of the
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cyclone separator unit 14. This top end (hidden in FIGS. 1 and
2) is covered by a protective cap 40 that insulates the typically
metal material forming the cyclone separator unit 14 from an
operator who may be working with the adhesive dispensing
device 10 when the first subassembly cover 28 is closed.
Similarly, the second subassembly cover 30 substantially
encloses the entire control subassembly 24 except for an
external controller box 42 that may include several elements
used for various purposes during operation of the adhesive
dispensing device 10. For example, the controller box 42 in
the exemplary embodiment includes a siren 44, a screw 45
used to adjust air pressure in a pump described below, and a
pressure gage 46 for measuring this air pressure. All other
components of the melt subassembly 12 and the control sub-
assembly 24 are isolated from direct contact with an operator
during operation of the adhesive dispensing device 10.

[0046] The control subassembly 24 is shown in further
detail in FIGS. 1 and 2. To this end, the control subassembly
24 includes a controller 48 (e.g., one or more integrated
circuits) operatively connected to a control interface 50. The
controller 48 is operable to communicate with, and control
the actuation of components of the melt subassembly 12. For
example, the controller may receive signals from the level
sensor 18 and cause actuation of more adhesive pellets to be
supplied from a fill system 52 (shown schematically in FIGS.
2 and 4) via the cyclonic separator unit 14 when necessary.
The control interface 50 is mounted on the second subassem-
bly cover 30 and is operatively connected to the controller 48,
such that an operator of the adhesive dispensing device 10
may receive information from the controller 48 or provide
input data to the controller 48 at the control interface 50.
Although the control interface 50 is illustrated as a display
screen in the illustrated embodiment, it will be understood
that touch screen displays, keypads, keyboards, and other
known input/output devices may be incorporated into the
control interface 50. The control subassembly 24 also
includes the controller box 42 previously described, and this
controller box 42 is operatively connected to the controller 48
to provide additional input/output capabilities between the
operator and the controller 48. The control subassembly 24
may also include a timer 53 (shown schematically in FIG. 5
connected to the controller 48 for measuring various time
variables used in estimating a temperature of the level sensor
18 and in compensating fill level readings from the level
sensor 18, as described in detail with reference to FIGS. 12
through 15 below.

[0047] The melt subassembly 12 is shown in further detail
with reference to FIGS. 2 through 5. As briefly described
above, the melt subassembly 12 includes a plurality of com-
ponents that are configured to receive pellets of adhesive
material from the fill system 52, melt and heat those pellets
into molten adhesive at an elevated application temperature,
and dispense the molten adhesive from outlets to be delivered
to downstream guns or modules (not shown). As shown in
FIG. 2, the cyclonic separator unit 14 is mounted on top of a
hopper 16 defining the receiving space 16 in this exemplary
embodiment and is separated from the reservoir 22 by the
heater unit 20 and the receiving space 16. Thus, a generally
gravity-driven flow of adhesive is caused from the cyclonic
separator unit 14 to the heater unit 20 for melting, and then
from the heater unit 20 into the reservoir 22. The melt subas-
sembly 12 also includes a manifold 54 located below the
reservoir 22 and a pump 56 disposed alongside the other
components within the space defined by the mounting plate

May 5, 2016

26 and the first subassembly cover 28. The manifold 54
includes various conduits 58 extending between the reservoir
22, the pump 56, and one or more outlets 60 located at the
bottom of the melt subassembly 12. The pump 56 operates to
actuate movement of molten adhesive from the reservoir 22
and through the outlets 60 when required. The outlets 60 may
extend through a cutout 62 at the bottom of the first subas-
sembly cover 28 for connection to heated hoses or other
conveyance elements for delivering the molten adhesive to
downstream guns or modules (not shown).

[0048] The cyclonic separator unit 14 receives adhesive
pellets driven by a pressurized air flow through an inlet hose
(not shown). This inlet hose is connected to the source of
adhesive pellets (not shown), such as the fill system 52 sche-
matically shown in these Figures. The cyclonic separator unit
14 includes a generally cylindrical pipe 72 including a top end
74 and a bottom end 76 communicating with the receiving
space 16. A sidewall opening 78 located in the pipe 72 proxi-
mate to the top end 74 is connected to a tangential inlet pipe
80, which is configured to be coupled to the free end of the
inlet hose. The top end 74 includes a top opening 82 con-
nected to an exhaust pipe 84 that extends partially into the
space within the generally cylindrical pipe 72 adjacent the top
end 74. An air filter 86 may be located within the exhaust pipe
84 and above the top end 74 to filter air flow that is exhausted
from the cyclonic separator unit 14. Consequently, the
cyclonic separator unit 14 receives adhesive pellets driven by
a rapidly moving air stream through the tangential inlet pipe
80 and then decelerates the flow of air and pellets as these
rotate downwardly in a spiral manner along the wall of the
generally cylindrical pipe 72. The pellets and air are deposited
within the receiving space 16 and the air returns through the
center of the generally cylindrical pipe 72 to be exhausted
through the exhaust pipe 84 and the air filter 86. An exemplary
embodiment of the specific components and operation of the
cyclonic separator unit 14 is described in further detail in
co-pending U.S. patent application Ser. No. 13/799,788 to
Chau et al., entitled “Adhesive Dispensing Device Having
Optimized Cyclonic Separator Unit”, the disclosure of which
is hereby incorporated by reference herein in its entirety. It
will be understood that the cyclonic separator unit 14 may be
omitted from the melt subassembly 12 in some embodiments
of the adhesive dispensing device 10.

[0049] The receiving space 16 defines a generally rectan-
gular box-shaped enclosure or hopper 16 with an open bottom
90 communicating with the heater unit 20 and a closed top
wall 92 having an inlet aperture 94 configured to receive the
bottom end 76 of the generally cylindrical pipe 72 of the
cyclonic separator unit 14. The receiving space 16 also
includes the level sensor 18, which is a capacitive level sensor
in the form of a plate element 96 mounted along one of the
peripheral sidewalls 98 of the receiving space 16. The plate
element 96 includes one driven electrode 100, and a portion of
the sidewall 98 or another sidewall 98 of the receiving space
16 acts as a second (ground) electrode of the level sensor 18.
For example, the plate element 96 may also include a ground
electrode in some embodiments. The level sensor 18 deter-
mines the amount or level of adhesive material in the receiv-
ing space 16 by detecting with the plate element 96 where the
dielectric capacitance level changes between the driven elec-
trode 100 and ground (e.g., open space or air in the receiving
space 16 provides a different dielectric capacitance than the
adhesive material in the receiving space 16). Although the
term “hopper” is used in places during the description of
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embodiments of the adhesive dispensing device 10, it will be
understood that alternative structures/receiving spaces may
be provided for feeding the solid adhesive from the fill system
52 into the heater unit 20.

[0050] The plate element 96 may be mounted along sub-
stantially an entire sidewall 98 at least partially defining the
receiving space 16 in order to provide more rapid heat con-
duction to the plate element 96 for melting off build up of
pellets or adhesive material, when necessary. For example,
the plate element 96 may be mounted along a sidewall at least
partially defining the receiving space 16 such that the level
sensor 18 defines a ratio of the surface area of the driven
electrode 100 to the surface area of the sidewall defining the
receiving space 16 of about 0.7 to 1. In this regard, the surface
area of the driven electrode 100 is about 70% of the surface
area of the sidewall 98 defining the receiving space 16. More-
over, the large surface area sensed by the plate element 96
provides more accurate and dependable level sensing, which
enables more accurate and timely delivery of adhesive mate-
rial to the melt subassembly 12 when needed. To this end, the
broader sensing window provided by the large size of the
driven electrode 100 relative to the size of the receiving space
16 also enables more precise control by sensing various states
of fill within the receiving space 16, which causes different
control actions to be taken depending on the current state of
fill within the receiving space 16. The broader sensing win-
dow is also more responsive to changes in fill level, which can
rapidly change during periods of high output from the adhe-
sive dispensing device 10. Therefore, one or more desired
amounts of adhesive material in the receiving space 16 (for
example, 30% to 60% filled) may be maintained during
operation of the adhesive dispensing device 10. Thus, it is
advantageous to make a broader sensing window by maxi-
mizing the surface area of the driven electrode 100 relative to
the surface area of the sidewall 98 defining the receiving
space 16. The specific components and operation of the level
sensor 18 and the receiving space 16 are described in further
detail with reference to FIGS. 6 through 8 below.

[0051] The heater unit 20 is positioned adjacent to and
below the receiving space 16 such that the heater unit 20
receives adhesive material flowing downwardly through the
open bottom 90 of the receiving space 16. The heater unit 20
includes a peripheral wall 108 and a plurality of partitions 110
extending across the space defined by the peripheral wall 108
between the receiving space 16 and the reservoir 22. As most
clearly illustrated in FIGS. 3, 5, and 6, each of the partitions
110 defines a generally triangular cross-section that narrows
towards an upstream end 112 facing the open bottom 90 of the
receiving space 16 and broadens towards a downstream end
114 facing the reservoir 22. The partitions 110 divide the
space between the receiving space 16 and the reservoir 22 into
a plurality of openings 116 configured to enable flow of the
adhesive material to the reservoir 22. The openings 116 are
small enough adjacent the downstream ends 114 of the par-
titions 110 to force most of the adhesive material into contact
with one of the partitions 110. The partitions 110 are cast with
the peripheral wall 108 from aluminum in the exemplary
embodiment, although it will be appreciated that different
heat conductive materials and different manufacturing or
machining methods may be used to form the heater unit 20 in
other embodiments.

[0052] In this regard, the heater unit 20 of the exemplary
embodiment is in the form of a heater grid. It will be under-
stood that the plurality of openings 116 may be defined by
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different structure than grid-like partitions in other embodi-
ments of the heater unit 20, including, but not limited to,
fin-like structures extending from the peripheral wall 108,
without departing from the scope of the invention. In this
regard, the “heater unit” 20 may even include a non grid-like
structure for heating the adhesive in other embodiments of the
invention, as the only necessary requirement is that the heater
unit 20 provide one or more openings 116 for flow of adhesive
through the adhesive dispensing device 10. In one alternative,
the partitions 110 could be replaced by fins extending
inwardly from the peripheral wall 108, as is typically the case
in larger sized heater grids used in larger melting devices. It
will be understood that the heater unit 20 may be separately
formed and coupled to the receiving space 16 or may be
integrally formed as a single component with the receiving
space 16 in embodiments consistent with the invention.

[0053] The heater unit 20 is designed to optimize the heat-
ing and melting of adhesive material flowing through the
adhesive dispensing device 10. To this end, the peripheral
wall 108 includes a hollow passage 118 as shown in FIGS. 5
and 6 and configured to receive a heating element 120 such as
a resistance heater, a tubular heater, a heating cartridge, or
another equivalent heating element, which may be inserted or
cast into the heater unit 20. The heating element 120 receives
signals from the controller 48 and applies heat energy to the
heaterunit 20, which is conducted through the peripheral wall
108 and the partitions 110 to transfer heat energy to the
adhesive material along the entire surface area defined by the
heater unit 20. For example, the exemplary embodiment of
the heater unit 20 includes a temperature sensor 122 to detect
the temperature of the heater unit 20. The temperature sensor
122 is positioned to sense the temperature at the peripheral
wall 108 and may indirectly sense the adhesive temperature
as well, although it will be understood that the adhesive
temperature tends to lag behind the temperature changes of
the heater unit 20 by a small margin. In other non-illustrated
embodiments, the temperature sensor 122 may include dif-
ferent types of sensors, such as a probe extending into the
adhesive. To this end, the temperature sensor 122 provides
regular feedback on a unit temperature for use in controlling
the heating element 120. The heat energy is also conducted
through the reservoir 22 and the receiving space 16, which
helps maintain the temperature of the molten adhesive in the
reservoir 22 and helps melt off any adhesive material inad-
vertently stuck in the receiving space 16 (such as on the plate
element 96 of the level sensor 18). The design of the heater
unit 20 and the partitions 110 also improves the start up
process following a shut down or standby of the adhesive
dispensing device 10 by more rapidly providing heat energy
to the adhesive material in the receiving space 16 and in the
reservoir 22 (which may be solidified during shut down) as
well as the adhesive material in the heater unit 20. In the
exemplary embodiment, the heater unit 20 is operable to
bring the entire melt subassembly 12 up to operating tem-
perature from a standby state with a warm up time of about 7
minutes, thereby substantially reducing delays caused by
lengthy warm up cycles.

[0054] In the exemplary embodiment of the heater unit 20
shown in FIGS. 5 and 6, the partitions 110 and openings 116
define several dimensions based upon the method of forming
the heater unit 20 and the adhesive material chosen for dis-
pensing. In this regard, the heating element 120 used with the
exemplary embodiment defines a minimum bend radius of
0.375 inches, so the spacing S, between the centers of adja-
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cent partitions 110 is chosen to be 0.75 inches to enable the
heating element 120 to bend between each adjacent partition
110. The casting process defines a minimum draft angle for
the angling of the partitions 110, and a draft angle close to this
minimum draft angle is chosen for the partitions 110 in the
heater unit 20. To this end, the draft angle DA, of the parti-
tions 110 is about 5 degrees in the exemplary embodiment.
The openings 116 between the partitions 110 define an open-
ing length L, of about 0.156 inches, and this opening length
L, was chosen to collectively provide a total opening for flow
in the heater unit 20 that is configured to provide an accept-
able pressure drop and a sufficient volume flow of the adhe-
sive when operating at a high throughput. The draft angle
DA, and opening length [, determine how tall each of the
partitions 110 will be. For example, the partitions 110 of the
exemplary embodiment define a height H, of about 2.5
inches. It will be understood that the opening length L, and
the other dimensions may be modified in other embodiments
consistent with the invention, such as when the viscosity of
the adhesive being used is modified and therefore requires a
larger overall through-opening in the heater unit 20. The
dimensions of the elements of the heater unit 20 may also be
further modified from this exemplary embodiment to adjust
the effective surface area SA,,; of the heater unit 20 and
thereby modity the melt rate for the adhesive, regardless of
the size and shape of adhesive pellets used.

[0055] The reservoir 22 is positioned adjacent to and below
the heater unit 20 such that the reservoir 22 receives adhesive
material flowing downwardly through the openings 116
defined in the heater unit 20. The reservoir 22 includes a
peripheral wall 126 extending between an open top end 128
and an open bottom end 130. The reservoir 22 may optionally
include partitions or fins projecting inwardly from the periph-
eral wall 126 in some embodiments (shown in phantom in the
Figures). The open top end 128 communicates with the heater
unit 20 adjacent to the downstream ends 114 of the partitions
110. The open bottom end 130 is bounded by the manifold 54
and thereby provides communication of molten adhesive
material into the conduits 58 of the manifold 54. Similar to the
heater unit 20, the reservoir 22 may also be manufactured
from aluminum such that heat from the heater unit 20 is
conducted along the peripheral wall 126 for maintaining the
temperature of the molten adhesive in the reservoir 22. In
addition, a reservoir heating device in the form of a heating
element 131 may be provided in the peripheral wall 126 to
further heat or maintain the melted adhesive in the reservoir
22 at the elevated application temperature. To this end, the
heating element 131 may include a resistance heater, a tubular
heater, a heating cartridge, or another equivalent heating ele-
ment, which may be inserted or cast into the reservoir 22.
However, other heat conductive materials and other manufac-
turing methods may be used in other embodiments consistent
with the scope of the invention. It will be understood that the
heater unit 20 may be separately formed and coupled to the
reservoir 22 or may be integrally formed as a single compo-
nent with the reservoir 22 in embodiments consistent with the
invention.

[0056] The reservoir 22 may include one or more sensors
configured to provide operational data to the controller 48
such as the temperature of the adhesive material in the reser-
voir 22. For example, the exemplary embodiment of the res-
ervoir 22 includes a temperature sensor 132 to detect the
temperature of the reservoir 22. The temperature sensor 132 is
positioned to sense the temperature at the peripheral wall 126
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and may indirectly sense the adhesive temperature as well,
although it will be understood that the adhesive temperature
tends to lag behind the temperature changes of the reservoir
22 by a small margin. In other non-illustrated embodiments,
the temperature sensor 132 may include different types of
sensors, such as a probe extending into the adhesive. This
detected temperature may be communicated to the controller
48 and used to control the heat energy output by the heating
element 131 in the reservoir, or also the heat energy output by
the heating element 120 of the heater unit 20. It will be
understood that a plurality of additional sensors may be
located within the various elements of the melt subassembly
12 for communication with the controller 48 to monitor the
accurate operation of the adhesive dispensing device 10.
However, a generally expensive level sensor for use below the
heater unit 20 is not necessary in the exemplary embodiment
in view of the highly accurate measurements of adhesive level
in the receiving space 16 that are enabled by the capacitive
level sensor 18. As shown in FIG. 4, the reservoir 22, heater
unit 20, receiving space 16, and cyclonic separator unit 14 are
coupled together with a plurality of threaded fasteners 134
connecting the peripheries of these elements. However, it will
be understood that alternative fasteners or methods of cou-
pling (or integral forming of) these elements together may be
used in other embodiments.

[0057] As briefly described above, the manifold 54 is
located adjacent to and below the open bottom end 130 of the
reservoir 22 so as to provide fluid communication from the
reservoir 22 to the pump 56 and then to the outlets 60. To this
end, the manifold 54 is machined from an aluminum block to
include a plurality of conduits 58 (one of which is shown in
FIG. 3) extending between these various elements of the melt
subassembly 12. It will be understood that the manifold 54
may further include additional elements (not shown) in some
embodiments, such as valves for controlling the flow of adhe-
sive material to and from the pump 56 and supplemental
heating elements for maintaining the temperature of the mol-
ten adhesive in the conduits 58. It will be understood that all
or a portion of the manifold 54 may be separately formed and
coupled to the reservoir 22 or may be integrally formed as a
single component with the reservoir 22 in embodiments con-
sistent with the invention.

[0058] The pump 56 is a known double-acting pneumatic
piston pump that is positioned adjacent to and alongside the
previously described elements of the melt subassembly 12.
More specifically, the pump 56 includes a pneumatic chamber
140, a fluid chamber 142, and one or more seals 144 of seal
cartridges disposed between the pneumatic chamber 140 and
the fluid chamber 142. A pump rod 146 extends from the fluid
chamber 142 to a piston 148 located within the pneumatic
chamber 140. Pressurized air is delivered in alternating fash-
ion to the upper and lower sides of the piston 148 to thereby
move the pump rod 146 within the fluid chamber 142, causing
drawing of molten adhesive into the fluid chamber 142 from
the reservoir 22 and expelling of the molten adhesive in the
fluid chamber 142 to the outlets 60. The pressurized air may
be delivered through an inlet hose 150 and controlled by a
spool valve 151 (only the outer housing of which is shown)
shown most clearly in FIG. 2. The fluid chamber 142 may also
include a check valve leading back to the reservoir 22 to
deliver any adhesive that would otherwise leak from the fluid
chamber 142 back into the reservoir 22. The pump 56 may be
controlled by the controller 48 to deliver the desired flow rate
of'adhesive material through the outlets 60 as well understood
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in the dispenser field. More particularly, the pump 56 may
include a control section 152 containing a shifter 153 (par-
tially shown in FIG. 3) used to mechanically actuate changes
in directional movement for the piston 148 and the pump rod
146 near the end limit positions of these elements. One exem-
plary embodiment of the specific components and operation
of the pump 56 and the control section 152 is described in
further detail in co-pending U.S. patent application Ser. No.
13/799,656 to Estelle, entitled “Adhesive Dispensing System
and Method Including A Pump With Integrated Diagnostics”,
the disclosure of which is hereby incorporated by reference
herein in its entirety. Additional diagnostics for the adhesive
dispensing device 10 may be enabled by monitoring actuation
signals for the downstream guns or modules with the control-
ler 48, and an exemplary process for this is described in
further detail in co-pending U.S. patent application Ser. No.
13/799,694 to Beal et al., entitled “Dispensing Systems and
Methods for Monitoring Actuation Signals for Diagnostics”,
the disclosure of which is hereby incorporated by reference
herein in its entirety.

[0059] In operation, the heater unit 20 is brought up to
temperature by the heating element 120 and heat energy is
conducted into the receiving space 16 and the reservoir 22 to
bring those elements and the adhesive material contained
within up to the desired elevated application temperature. The
reservoir 22 may also be brought up to temperature by the
heating element 131 located at the reservoir 22, as discussed
above. It will be understood that the controller 48 may operate
the heating elements 120, 131 to perform a smart melt mode
to further enhance the reduction of char and degradation of
the adhesive. One exemplary embodiment of the specific
components and operation of the controller 48 in such a smart
melt mode is described in further detail in co-pending U.S.
patent application Ser. No. 13/799,737 to Bondeson et al.,
entitled “Adhesive Dispensing System and Method Using
Smart Melt Heater Control”, the disclosure of which is hereby
incorporated by reference herein in its entirety. The controller
48 will receive a signal from the temperature sensor 132 when
the elevated application temperature has been reached, which
indicates that the melt subassembly 12 is ready to deliver
molten adhesive. The pump 56 then operates to remove mol-
ten adhesive material from the open bottom end 130 of the
reservoir 22 as required by the downstream guns or modules
(not shown) connected to the outlets 60. As the pump 56
removes adhesive material, gravity causes at least a portion of
the remaining adhesive material to move downwardly into the
reservoir 22 from the receiving space 16 and the openings 116
in the heater unit 20. The lowering of the level of adhesive
pellets 160 (or melted adhesive material) within the receiving
space 16 is sensed by the level sensor 18, and a signal is sent
to the controller 48 indicating that more adhesive pellets 160
should be delivered to the melt subassembly 12. The control-
ler 48 then sends a signal that actuates delivery of adhesive
pellets 160 from the fill system 52 through the cyclonic sepa-
rator unit 14 and into the receiving space 16 to refill the
adhesive dispensing device 10. This process continues as long
as the adhesive dispensing device 10 is in active operation.

[0060] Advantageously, the melt subassembly 12 of the
adhesive dispensing device 10 has been optimized to hold a
reduced amount of adhesive material at the elevated applica-
tion temperature compared to conventional dispensing
devices. To this end, a combination of optimized features in
the melt subassembly 12 enables the same maximum adhe-
sive throughput as conventional designs with up to 80% less
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adhesive material being retained within the melt subassembly
12. This combination of features includes the improved reli-
ability of the adhesive filling system (e.g., the cyclonic sepa-
rator unit 14 and the receiving space 16) enabled by the
capacitive level sensor 18 and the smaller sized receiving
space 16; the design of the heater unit 20 including the par-
titions 110; the design of the smaller sized reservoir 22; and
smart melt technology run by the controller 48 to refill the
melt subassembly 12 with adhesive material as rapidly as
needed. With these features in combination, the total retained
volume of adhesive material (both molten adhesive and adhe-
sive pellets 160) held within the melt subassembly 12 is
approximately 2 liters, which is significantly less than con-
ventional dispensing devices and melting devices which
require about 10 liters of adhesive material to be held at the
elevated application temperature. Consequently, significantly
less adhesive material is held at the elevated application tem-
perature, thereby reducing the likelihood that adhesive mate-
rial will remain in the melt subassembly 12 long enough to
become degraded or charred by staying at the high tempera-
ture over a long period of time. In addition, the smaller vol-
ume of retained adhesive material enables the melt subassem-
bly 12 to be brought to the elevated application temperature
during a warm-up cycle much quicker than conventional
designs which need to heat significantly more adhesive mate-
rial during warm up.

[0061] In the exemplary embodiment as shown in FIG. 5,
the receiving space 16 may define a hopper volume V; and
the reservoir 22 may define a reservoir volume V. The heater
unit 20 defines a total heater grid surface area SA; at the
partitions 110 and at the peripheral wall 108 that actively
applies heat energy by contacting the adhesive material
within the heater unit 20. In the adhesive dispensing device 10
of'the current invention, the relation of the combined volumes
of the receiving space 16 and of the reservoir 22 (V +V ) to
the total heater grid surface area SA,,; is minimized as much
as possible while still enabling the maximum adhesive flow
necessary during periods of high adhesive need. For example,
the hopper volume V; in the exemplary embodiment is about
54 cubic inches, the reservoir volume V in the exemplary
embodiment is about 35 cubic inches, and the heater grid
surface area SA ;. in the exemplary embodiment is about 130
square inches. Thus, the relation of combined volumes to total
heater grid surface area in the exemplary embodiment is
(54+35)/130=approximately 0.685 cubic inches of volume to
1 square inch of surface area. By comparison, this relation of
combined volumes to total heater grid surface area in conven-
tional adhesive dispensing devices typically ranges from
about 3 cubic inches of volume to 1 square inch of surface
area, to about 3.5 cubic inches of volume to 1 square inch of
surface area as a result of the larger retained volume within
the melt subassemblies of those conventional designs (and
likely also less surface area on conventional heater units). By
optimizing or minimizing this relation, the total amount of
adhesive material held at elevated application temperatures
within the melt subassembly 12 is also minimized, leading to
the benefits described above. Moreover, the melt rate of solid
adhesive material within the receiving space 16 is increased
such that a maximum flow rate of adhesive can still be
achieved despite the lower retained volume of molten adhe-
sive material.

[0062] The melt subassembly 12 of the exemplary embodi-
ment is also optimized for the particular size and shape of
adhesive pellets 160 used in the adhesive dispensing device



US 2016/0121359 Al

10. In this regard, 3 to 5 millimeter diameter round-shaped
adhesive pellets 160 are used with the melt subassembly 12 of
the exemplary embodiment. However, it will be understood
that other shapes and sizes of adhesive pellets 160 may be
used in other embodiments, including, but not limited to,
pillow-shaped, slat-shaped, chicklet-shaped, and other
shapes pellets up to a size of 12 millimeters in cross-sectional
dimension. In the exemplary embodiment, the small diameter
size of the adhesive pellets 160 enables a reduction in the pipe
size (e.g., inlet hose) and air flow velocity required to lift and
move the adhesive pellets 160 from the source into the melt
subassembly 12. This smaller velocity air is easier to slow
down in the cyclonic separator unit 14 to remove the adhesive
pellets 160 from the air flow for use in the receiving space 16.
The round shape of the adhesive pellets 160 is preferred over
other shapes such as pillow-shaped because the round shape
avoids geometry-based interlocking or bridging together of
the adhesive pellets 160. Moreover, the pile of round adhesive
pellets 160 within the receiving space 16 tends to entrap less
air than other shapes of pellets, which renders the level sensor
18 more likely to accurately sense the difference in dielectric
capacitance between the portion of the receiving space 16
with adhesive pellets 160 and the portion of the receiving
space 16 without adhesive pellets 160. Thus, the optimization
of'the features of the melt subassembly 12 is further benefitted
by the selection of the optimized adhesive pellet 160 to use
with the adhesive dispensing device 10.

[0063] Accordingly, the melt subassembly 12 as a whole
has been optimized compared to conventional adhesive dis-
pensing devices. More particularly, the melt subassembly 12
minimizes the amount of adhesive material that needs to be
retained and held at the elevated application temperature
within the adhesive dispensing device 10 while still enabling
a maximum adhesive flow to be achieved during periods of
high adhesive need. The smaller volumes of the receiving
space 16 and the reservoir 22 enable quicker warm up from a
cold start and reduce the likelihood that any of the adhesive
material will be degraded or charred by being held at the
elevated application temperature for too long a period of time.
Despite the lower volume of adhesive material on hand within
the melt subassembly 12, the accurate monitoring of adhesive
level within the receiving space 16 enables the controller 48 to
request more adhesive material quickly so that the receiving
space 16 and the reservoir 22 never run out of molten adhesive
material to deliver to the pump 56 and the outlets 60.

[0064] With reference to FIGS. 7 and 8, another exemplary
embodiment of the adhesive dispensing device 10a is shown
in detail. This embodiment of the adhesive dispensing device
10¢ includes many of the same elements as the previously-
described embodiment of FIGS. 1 through 6, and these ele-
ments are shown with identical reference numbers without
further description below when the elements are unchanged
from the previous embodiment. Modified elements including
the adhesive dispensing device 10aq itself are provided with
similar reference numbers followed by an “a” to highlight the
modified components. These modified and additional com-
ponents are described in detail below.

[0065] Beginning with reference to the right-hand side of
FIG. 7, the pump 56a is slightly modified from what was
shown in the wall-mounted context of the embodiment of
FIG. 1. To this end, the pump 56a includes a combined fluid
chamber and manifold 54a in addition to the pneumatic
chamber 140 and the control section 152. To this end, the
combined fluid chamber and manifold 54a replace the sepa-

May 5, 2016

rate fluid chamber 124 and manifold 54 of the previous
embodiment, thereby simplifying the total amount of struc-
ture that must be provided in the adhesive dispensing device
10a. As noted above, the shifter 153 may be a mechanical
shifter that changes air flow direction at the piston 148 by
actuating the spool valve 151 to switch positions when limit
switches are engaged, but it will also be understood that the
shifter 153a may be modified in other embodiments, such as
to include electronic shifters controlled by various types of
sensors. Regardless of the particular structure used with the
shifter 1534, the pump 56a operates in the same manner as
described above to remove melted adhesive from the reser-
voir 22a via the flow passage 58a and through the combined
fluid chamber and manifold 54a.

[0066] In the dispensing device 10a shown in FIGS. 7 and
8, the cyclonic separator unit 14a has also been modified. In
this regard, the various structures that were welded into posi-
tion on the generally cylindrical pipe 724 have been removed
from the generally cylindrical pipe 72a and formed into a
removable cyclone cap 73a. More particularly, the exhaust
pipe 844 and the tangential inlet pipe 80a have been integrally
formed or connected to the removable cyclone cap 73a. The
cyclone cap 73a defines an inner diameter slightly smaller
than the diameter of the generally cylindrical pipe 724 so that
the cyclone cap 73a can be at least partially inserted into the
generally cylindrical pipe 72a. The generally cylindrical pipe
72a includes one or more retention clips 87a configured to
engage with a corresponding retention lip 894 formed in the
outer periphery of the cyclone cap 73a when the cyclone cap
73a is inserted into the generally cylindrical pipe 72a. As a
result, the cyclone cap 73a may be selectively removed so that
the generally cylindrical pipe 724 and the receiving space 16
may be easily inspected when necessary. The provision of the
cyclone cap 73a also simplifies manufacturing of the cyclonic
separator unit 14a because welding the elements into position
on the generally cylindrical pipe 72a is no longer necessary.
In all other respects, the cyclonic separator unit 14a operates
similarly to the previous embodiment described above.

[0067] Although the receiving space 16 and the heater unit
20 are identical to those previously described, the reservoir
22a has also been slightly modified in this embodiment of the
dispensing device 10a. Instead of a completely open box-like
flow path being formed between the heater unit 20 and the
manifold 54a, the reservoir 22a of this embodiment includes
a plurality of fins 1354 projecting inwardly from the periph-
eral wall 126a to increase the surface area that may be heated
by the heating element 131 in the manifold 22a. The periph-
eral wall 126a tapers inwardly to form abowl-shape flow path
leading from the bottom of the heater unit 20 to the manifold
54a. Thus, the reservoir 22a also further minimizes the vol-
ume of adhesive held in the dispensing device 10qa, which is
advantageous for the reasons set forth above. For at least these
reasons, the dispensing device 10a of this alternative embodi-
ment shown in FIGS. 7 and 8 continues to achieve the advan-
tages of the previously described embodiment.

[0068] FIGS. 6, 9, and 10 show additional features of the
capacitive level sensor 18. The level sensor 18 includes the
plate element 96, which has a front face 208 including an
outer portion 210 electrically separated from an inner portion
212 by an electric barrier 213. According to the exemplary
embodiment of the invention, the level sensor 18 is a printed
circuit board manufactured from materials capable of with-
standing the high temperatures within the receiving space 16.
One example of such a material is copper, although other
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materials could be used in other embodiments consistent with
the scope of the invention. Furthermore, the exemplary
embodiment of the level sensor 18 measures a fill level within
the receiving space 16 having the plurality of sidewalls 98.
However, it will be appreciated that the level sensor 18 may be
used with any tank having at least one tank wall, such as a
rectangular tank or a cylindrical tank.

[0069] In order to mount the level sensor 18 within the
receiving space 16, the outer portion 210 includes a plurality
of fastener mounts 214 pressed into the plate element 96. The
plurality of fastener mounts 214 is symmetrically affixed
about the outer portion 210 of the level sensor 18. Each of the
fastener mounts 214 further includes a mount aperture 216
extending through the plate element 96 from the front face
208 to arear face 217. A plurality of sensor fasteners 218 are
fastened within the mount apertures 216 in order to mount the
level sensor 18 within the receiving space 16 and located
adjacent one of the peripheral sidewalls 98 of the receiving
space 16. For example, the mount apertures 216 and the
sensor fasteners 218 may be threaded such that the sensor
fasteners 218 are screwed into position in the mount apertures
216.

[0070] Furthermore, a gasket 220, such as a gasket made of
synthetic rubber and fluoropolymer elastomer (e.g., Viton®),
is sandwiched between the rear face 217 of level sensor 18
and the sidewall 98 to seal the level sensor 18 against the
sidewall 98. Accordingly, the plate element 96 is sized for
being positioned substantially flush against the sidewall 98
and sealed against the sidewall 98 using the gasket 220. The
gasket 220 prevents any adhesive material from pooling along
the rear face 217. As previously described herein and as
shown in FIG. 6, the positioning and size of the circuit board
plate element 96 enables the plate element 96 to be efficiently
heated within the receiving space 16 in order to minimize the
build-up of the adhesive pellets 160 on the level sensor 18 by
melting the adhesive pellets 160 off of the front face 208.
More specifically, the heat conducted from the heater unit 20
through the peripheral sidewalls 98 of the receiving space 16
is readily conducted into the large level sensor 18 to quickly
melt off any adhesive pellets 160 or material stuck on the plate
element 96 above the level of adhesive in the receiving space
16 (which would otherwise affect the dielectric capacitance
sensed at those locations). As a result, any collection of adhe-
sive pellets 160 or adhesive material above the actual fill level
within the receiving space 16 will rapidly melt off to avoid
affecting the readings of the actual fill level within the receiv-
ing space 16.

[0071] The large level sensor 18 is sized such that the level
sensor 18 engages a majority, or more than 40%, of the
surface area of the sidewall 98 onto which the level sensor 18
is mounted. More particularly, the large level sensor 18
engages more than 70% or almost the entire surface area of
the sidewall 98 onto which the level sensor is mounted. In the
exemplary embodiment, for example, the driven electrode
100 of the plate element 96 may define a surface area SA 5 of
about 7.5 square inches and the sidewall 98 of the receiving
space 16 may define a sidewall surface area SA, of about 10.7
square inches, such that the level sensor 18 defines a ratio of
the surface areas of about 0.7 to 1. This ratio of surface areas
provides a broader sensing window for the level sensor 18
located within the receiving space 16. In other words, the
level sensor 18 is capable of detecting a change in dielectric
capacitance indicating a change in fill level of adhesive over
a large percentage of the surface area of the sidewall of the
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receiving space 16. This broader sensing window is more
reliably responsive to fill level changes as localized adhesive
buildup and other localized effects do not substantively affect
the overall sensor output. Furthermore, the sensitivity of the
readings of the level sensor 18 is increased such that a better
signal-to-noise ratio is achieved when reading the dielectric
capacitance within the receiving space 16 and producing an
analog signal. Consequently, it is advantageous to make a
broader sensing window by maximizing the surface area of
the driven electrode 100 relative to the surface area of the
sidewall 98. Furthermore, the larger sensing window pro-
vides better sensing capabilities than the smaller probe-like
sensors used in conventional hoppers.

[0072] In addition, this broader sensing window enables
additional controls to be performed using the level sensor 18.
In this regard, the level sensor 18 in the exemplary embodi-
ment may be configured to enable generation of a first control
signal when the fill level in the receiving space 16 is low
enough to prompt delivery of more adhesive material to the
receiving space (for example, at 40%) and to enable genera-
tion of a second control signal when the fill level in the
receiving space 16 indicates full filling of the receiving space
(for example, at 90%). Thus, rather than just sending a set
amount of adhesive material to the receiving space 16 each
time a threshold fill level is reached, the level sensor 18 can
cause the generation of multiple control signals that guaran-
tee full replenishment of the receiving space 16 regardless of
the current throughput rate when the refill process is started.
Additional signals for various fill levels may be generated in
other embodiments consistent with the invention, and these
additional signals may be used, for example, to better detect
the rate of throughput and thereby proactively supply adhe-
sive material to the receiving space 16 as the adhesive mate-
rial is needed. The adhesive dispensing device 10 can then
more readily supply and melt the appropriate amount of adhe-
sive material nearly on demand or on an as-used basis. These
multiple control signals are effectively enabled by the broader
sensing window of the level sensor 18.

[0073] It will be appreciated that the level sensor 18
described in detail herein may be used with other types of
receiving spaces 16 having various sizes and cross-sectional
shapes. When the receiving space 16 is increased in size for
another adhesive dispensing device, for example, the level
sensor 18 may also be upsized to maintain a similar ratio of
surface areas (of the driven electrode 100 and the sidewall 98)
and a similar broader sensing window. However, the level
sensor 18 may also be used without significant resizing, as
long as the size of the driven electrode 100 remains at a
sufficient level to provide the multiple control signals
described in detail above. To this end, the level sensor 18
preferably maintains a ratio of surface areas above 0.4 to 1,
regardless of the size of the receiving space 16. Even in
embodiments where the driven electrode 100 covers less than
40% of the sidewall 98 of the receiving space 16, the size of
the driven electrode 100 (e.g., a height of the driven electrode
100) will still be sufficient to provide multiple control signals
at various fill levels in the receiving space 16. In such circum-
stances, the level sensor 18 will provide the advantages
described above, including better responsiveness, more accu-
rate readings, less susceptibility to localized events such as
adhesive buildup, and the generation of multiple control sig-
nals.

[0074] The inner portion 212 of the level sensor 18 operates
as the powered or driven electrode 100 and the outer portion
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210 and rear face 217 are both electrically coupled as a
ground electrode 222. Thus, the driven electrode 100 and the
ground electrode 222 are formed on the same plate element
96. In addition, the ground electrode 222 is electrically
coupled to the sidewall 98 of the receiving space 16. The
driven electrode 100 and the ground electrode 222 define the
capacitive terminals of the level sensor 18 with the air and
adhesive pellets 160 acting as the dielectric positioned there
between. Generally, the dielectric capacitance of the dielec-
tric sensed between the driven and ground electrodes 100, 222
is sensed where the distance between the driven and ground
electrodes 100, 222 is at a minimum. This minimum distance
could be defined across the electric barrier 213 or could be
defined by a space between the driven electrode 100 and the
closest sidewall 98 of the receiving space 16 electrically
coupled to the ground electrode 222. Thus, the actual distance
through the dielectric between the driven and ground elec-
trodes 100, 222 is dependent on the geometry of the receiving
space 16.

[0075] Rather than the minimum distance between the
driven and ground electrodes 100, 222, this distance may be
maximized to increase the amount of dielectric between the
driven and ground electrodes 100, 222. Increasing the amount
of dielectric between capacitive terminals improves the over-
all accuracy of the level sensor 18. Thus, rather than depend
on the geometry of the receiving space 16 to determine this
minimum distance, the level sensor 18 may, in another
embodiment, include an electrically driven shield 224
adapted to direct the level sensor 18 to measure the dielectric
capacitance between the driven electrode 100 and a predeter-
mined location on the receiving space 16. In this alternative
embodiment, the outer portion 210 is operatively powered to
act as the driven shield 224. Accordingly, the driven shield
224 produces an electric field circumferentially surrounding
the driven electrode 100 such that the driven electrode 100 is
forced to sense the dielectric capacitance located between the
driven electrode 100 and the sidewall 98 of the receiving
space 16 located directly opposite of the driven electrode 100
(or a portion of the receiving space 16 directly opposite the
driven electrode 100). Thereby, the distance between the
driven and ground electrodes 100, 222 may be increased to
improve the accuracy of the level sensor 18. In the exemplary
embodiment of the level sensor 18, the driven shield 224 is
provided to improve the accuracy and responsiveness of the
readings indicating the level of adhesive material within the
receiving space 16.

[0076] Thelevel sensor 18 also includes an SMA connector
226 to which the driven electrode 100 and the ground elec-
trode 222 are each electrically coupled. In the alternative
embodiment, the driven shield 224 is also electrically coupled
to the SMA connector 226. The SMA connector 226 is affixed
to the plate element 96 and extends from the rear face 217
through the gasket 220 to a connector hole 228 in the sidewall
98. As shown in FIG. 8, the SMA connector 226 extends
through the sidewall 98 to provide external access to the SMA
connector 226 for operatively connecting the SMA connector
226 to the controller 48 for sensing the changing dielectric
capacitance as the level of adhesive pellets 160 changes
within the receiving space 16. As described above, the control
signal generated by this sensed change in fill level is then used
to actuate the delivery of more adhesive material through the
cyclonic separator unit 14 (or by other methods as described
above), to thereby maintain a desired level of adhesive mate-
rial in the receiving space 16.
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[0077] An alternative embodiment ofthe level sensor318is
shown mounted within the receiving space 16 of FIG. 11. In
this embodiment, the level sensor 318 and the corresponding
driven electrode 400 have been reduced in size to provide a
larger spacing between the drive electrode 400 and the bottom
of'the receiving space 16. As previously described, the bottom
of the receiving space 16 is located immediately adjacent to
the top of the partitions 110 defined by the heater unit 20. Itis
highly undesirable to permit the level of adhesive to fall below
the top of the partitions 110 because the rapid increase of
temperature of uncovered portions of these partitions 110 can
lead to charring or degradation of new adhesive added to the
receiving space 16. Thus, to provide less likelihood that an
empty hopper condition sensed by the driven electrode 400
will occur too late to avoid uncovering the heater unit 20, the
bottom of the driven electrode 400 is located higher in the
receiving space 16 to thereby provide an empty hopper con-
dition or signal earlier (e.g., such as when the receiving space
is only 30% filled). In this embodiment, the driven electrode
400 may define a surface area SA . of about 5.0 square inches
and the sidewall 98 of the receiving space 16 may define a
surface area SA;, of about 10.7 square inches, such that the
level sensor 18 defines a ratio of the surface areas of about
0.468 to 1. This ratio of surface areas or size of the driven
electrode 400 is still sufficient to provide the broader sensing
window, and it will be understood that the particular ratio or
sizes may be modified in other embodiments consistent with
the scope of the invention.

[0078] With reference to FIGS. 12 through 15, an advanta-
geous control subroutine used to operate the level sensors 18,
318 of the previously described embodiments is shown in
detail. In this regard, the measurements of dielectric capaci-
tance performed by the level sensor 18 are affected in a known
manner by changes in temperature at the level sensor 18. The
level sensor 18 reads that the receiving space 16 is less full
than it really is when the temperature of the level sensor 18
drops, and this can lead to an overfill condition if too many
refills are actuated using the fill system 52. As a result, to
overcome these problems, the measurements may be adjusted
according to the known temperature adjustment curve for the
level sensor 18, assuming that the temperature of the level
sensor 18 is known when the dielectric capacitance measure-
ments are taken.

[0079] One method of estimating this temperature would
be to use the temperature readings at the heater unit 20 pro-
vided by the corresponding temperature sensor 122, but the
“grid temperature” does not closely track the temperature at
the level sensor 18, as shown in FIG. 14 and described in
further detail below. Another method of obtaining this tem-
perature is to provide an additional temperature sensor at the
level sensor 18. However, in order to minimize costs and
complexity of the design, the advantageous control subrou-
tine uses the controller 48 and the timer 53 to estimate the
temperature changes at the level sensor 18 and adjust the fill
level measurements accordingly. As this process is performed
entirely in software, there are no additional costs of manufac-
turing or maintaining the dispensing device 10, but the result-
ing operation is improved over systems that do not compen-
sate for temperature changes.

[0080] Beginningwith FIG. 12, aseries of operations 500 is
provided for compensating the measured dielectric capaci-
tances from the level sensor 18 based on the temperature
changes that regularly occur as a result of the cold pressurized
air and unmelted adhesive being delivered into the receiving
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space 16. The controller 48 begins by retrieving the unit set
point temperature that the heater unit 20 is set to achieve and
an adjustment curve for differing temperatures of the level
sensor 18 from memory (block 502). These elements are
known and pre-programmed into the memory of the control-
ler 48. The controller 48 also calculates a maximum offset
that is allowed to be applied to the estimated temperature of
the level sensor 18 (block 504). This maximum offset is a
function of the unit set point temperature and describes the
lowest temperature that the level sensor 18 will drop to during
normal operation of the heater unit 20 and the dispensing
device 10. For example, the maximum offset may be calcu-
lated by the following formula: (0.35)*(Unit Set Point Tem-
perature)-37.5° F. A set value or a different formula may be
used in alternative embodiments, but this formula is believed
to accurately reflect that the maximum temperature drop is a
function of the unit set point temperature.

[0081] Assuming that the dispensing device 10 is in a
steady state at this juncture (e.g., the offset to be applied to the
temperature at the level sensor 18 would be zero), the level
sensor 18 then measures the dielectric capacitance of the air
and adhesive within the receiving space 16 as described in
detail above (block 506). The controller 48 determines
whether the fill system 52 has been actuated to supply adhe-
sive to the receiving space 16 (block 508). If a supply has not
been actuated, then the control subroutine reports a non-
adjusted measured capacitance from the level sensor 18 to the
controller 48 for the determination of the fill level of adhesive
(block 510). In this regard, when the offset is equal to zero and
the level sensor 18 is operating at steady state conditions,
there is no need to compensate for a temperature change. The
control subroutine then returns to step 506 to measure the
dielectric capacitance again, thereby updating the controller
48 on any changes in fill level within the receiving space 16.

[0082] Whenever itis determined that the fill system 52 has
been actuated to refill the receiving space 16, the control
subroutine moves instead to set an “offset” variable equal to
40° F. and a “time” variable equal to zero (block 512). The
controller 48 actuates the timer 53 to begin tracking the time
variable since this most recent refill occurred. Then, similar to
the steps above, the level sensor 18 measures the dielectric
capacitance of the air and adhesive within the receiving space
16 (block 514). The controller 48 then calculates a current
offset for this measurement of the dielectric capacitance
(block 516), and this process is described in further detail
with reference to FIG. 13 below. The current offset is the
amount of estimated temperature change from the unit set
point temperature that is applied at any given time to adjust
the capacitance readings from the level sensor 18. Once this
current offset is calculated, the controller 48 determines if the
current offset is equal to zero (block 518), which would
indicate that the level sensor 18 should be back up to the
steady state temperature. If the current offset is equal to zero,
then the control subroutine returns to step 510 to report a
non-adjusted measured capacitance to the controller 48 so
that the fill level of adhesive can be determined from this
measured capacitance. To this end, anytime the current offset
reaches zero, the process of using the non-adjusted measured
capacitances begins again until the fill system 52 is actuated
once more, thereby bringing more cold air and adhesive into
the receiving space 16.

[0083] Ifthe current offset is a non-zero value at step 518,
which implies that the level sensor 18 has likely not returned
to the steady state temperature. As a result, the control sub-
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routine continues by determining if the fill system 52 has been
actuated again to supply more adhesive to the receiving space
16 (block 520). If such a refill has not occurred, then the
control subroutine adjusts the measured capacitance by com-
pensating for the change in temperature ofthe level sensor 18,
which is the current offset (block 522). This adjustment is
performed using the known temperature adjustment curve for
the level sensor 18, which is predetermined for each level
sensor 18 as described above. In an exemplary embodiment,
this adjustment may be performed using the formula:

Capacitance(Farads)=—1.04939E-17*(Sensor Tem-
perature) 2+9.32678E-15%(Sensor Tempera-
ture)+1.176989E-10.

This adjusted measured capacitance is then reported to the
controller 48 for use in determining the fill level of the adhe-
sive in the receiving space 16 (block 524). Accordingly, the
fill level of the adhesive is more accurately determined
because a more accurate estimation of temperature at the level
sensor 18 is used. The differences obtained from using this
adjustment are described with reference to the graph in FIG.
15 below. The control subroutine then returns to block 514 to
measure the dielectric capacitance once again to update the
fill level for the controller 48.

[0084] Atblock 520, if the fill system 52 has been actuated
again to refill the receiving space 16, but the current offset is
not equal to zero, then the offset variable must be increased
once again. Rather than increasing the offset by 40° F. as was
done at block 512 when the current offset was zero, the
control subroutine instead sets the offset variable equal to the
current offset plus an additional 30° F. (block 526), but this
offset variable cannot be set larger than the maximum offset
that was calculated in block 504. Also at block 526, the
elapsed time variable is reset to zero because a new refill has
occurred, and the timer 53 is started anew. The control sub-
routine then returns to block 514 to being the process again by
measuring the dielectric capacitance at the level sensor 18
again. The changes in offset (40° F. and 30° F.) used during
these various states have been determined using the test
results below and are a good general approximation of how
much the level sensor 18 drops in temperature during a refill
event. To this end, in the exemplary embodiment shown, test
results indicated that when the level sensor 18 was operating
at steady state temperature conditions, the drop in tempera-
ture was about 40° F., while when the level sensor 18 was
cooler and still recovering from a previous drop in tempera-
ture, the added drop in temperature caused by the refill was
about 30° F. in addition. Thus, it is possible, when adhesive
supply happens frequently, to have the offset accumulate all
the way to the maximum offset described above. It will be
understood that different threshold offset values may be pro-
vided in other embodiments of the level sensor 18. In sum-
mary, the control subroutine shown in FIG. 12 allows the
measured capacitance at the level sensor 18 to be adjusted
when such adjustment is appropriate in view of likely cooling
caused by recent supplies of cold adhesive and air from the fill
system 52 into the receiving space 16. Advantageously, this
adjustment is done without additional equipment in the dis-
pensing device 10.

[0085] Now turning to FIG. 13, the process for calculating
the current offset based on elapsed time is shown as a series of
operations 516. This series of operations begins by retrieving
the offset variable and the time variable from the controller 48
(and the timer 53, if applicable) (block 540). When actuating
the fill system 52 of the exemplary embodiment, the refilling
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process may be stopped in one of two ways: when the level
sensor 18 determines that the adhesive has reached a full
threshold in the receiving space 16, or when a maximum
threshold refill time has been exceeded. This maximum
threshold refill time is set to be 10 seconds in the exemplary
embodiment, but this maximum threshold may be modified
for dispensing devices 10 of other embodiments, including
differently-shaped or sized receiving spaces 16. Thus, after
retrieving the offset and time variables, the controller 48
determines if the most recent fill system actuation was
stopped by the 10 second timer (block 542), as this would
indicate that the receiving space 16 received a maximum
allowed amount of cold air and adhesive in the most recent
supply actuation.

[0086] If the controller 48 determines that the fill system
actuation was not stopped by the 10 second timer, the con-
troller 48 sets a decay slope variable equal to a first preset
slope value (which is 0.12° F. per second in the exemplary
embodiment) (block 544). If the most recent fill system actua-
tion was stopped by the timer, then the controller 48 is notified
to suppress further fill system actuations for a period of time
such as 20 seconds (block 546), so as to limit the frequency
with which the fill system 52 is actuated. The controller 48
then sets the decay slope variable equal to a second preset
slope value that is higher than the first preset slope value (and
which is 0.2° F. per second in the exemplary embodiment)
(block 548). The higher decay slope value is used when the
refill operation times out because the receiving space 16 and
the level sensor 18 are likely not fully covered with adhesive
and therefore are more likely to more quickly recover tem-
perature loss caused by the supply of adhesive and air into the
receiving space 16.

[0087] Regardless of whichever slope value is assigned to
be the decay slope, the controller 48 then proceeds to calcu-
late the current offset at a function of the decay slope and the
elapsed time since the most recent actuation of the fill system
52 (block 550). In the exemplary embodiment, this function is
a linear function defined by the following formula:

(Current Offset)=Offset—(Decay Slope)*(Time).

Once this current offset is calculated, the controller 48 deter-
mines if the calculated value is negative (block 552), and if so,
the current offset is set to zero (block 554) because the time
elapsed is deemed to be sufficient for the level sensor 18 to
return to the steady state temperature. If the current offset is
not negative, or after the current offset is set to zero at block
554, the controller 48 receives the calculated current offset so
that it may be used in the adjustment of the measured capaci-
tance as described above in the series of operations 500 shown
in FIG. 12.

[0088] The operation and advantages of these series of
operations are further made clear in the graphs of FIGS. 14
and 15. FIG. 14 illustrates test results for the temperature of
various elements of the adhesive dispensing device 10 over a
period of about 200 seconds. After an initial filling and reheat-
ing period shown from about 0 seconds to about 100 seconds,
the differences in the temperature of the heater unit 20 (shown
by trend line 600) and the actual temperature of the level
sensor 18 (shown by trend line 602) is a significant difference
as shown. This explains why using the temperature from the
temperature sensor 122 at the heater unit 20 is not a good
method for estimating the temperature of the level sensor 18.
The estimated or computed temperature of the level sensor 18
over the same time period when using the compensation
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method described above in FIGS. 12 and 13 is shown at trend
line 604. As shown in FIG. 14, this trend line 604 follows the
actual sensor temperature of trend line 602 far more closely
than the heater unit 20 or “grid” temperature. The estimated or
compensated temperature from the software/controller 48 is
slightly less than the actual temperature of the level sensor 18,
but this is acceptable because using a lower temperature
results in the receiving space 16 being refilled slightly in
advance of when the fill level actually reaches a refill thresh-
old. This is a better result than refilling after the fill level has
dropped below the refill threshold because such an arrange-
ment could potentially lead to uncovering of the heater unit
20. Consequently, even without using a separate temperature
sensor at the level sensor 18, the temperature of the level
sensor 18 during operation can be sufficiently estimated for
accurately adjusting the dielectric capacitance readings from
the level sensor 18 during operation.

[0089] The results of the compensation method described
above are more clearly revealed in the graph of FIG. 15,
which is a comparison of capacitance measurements, both
without compensation and with compensation, during the test
period shown in FIG. 14. For reference, the capacitance levels
indicating the full condition (trend line 610), the refill thresh-
old (trend line 612), and the empty condition (trend line 614)
are shown in addition to the capacitance measurements from
the test results. As shown near the time O seconds on the
graph, the receiving device 16 began the test in a substantially
empty state. Consequently, it took a couple of refill cycles by
the fill system 52 to get the fill level of adhesive over the refill
threshold shown by trend line 612. From about time 50 sec-
onds onward, the substantially constant pumping of adhesive
out of the dispensing device 10 results in a steady decline in
sensed fill level followed by an increase when the fill system
52 is actuated to supply more adhesive to the receiving space
16, and then another steady decline of fill level, and so on. The
capacitance measurements compensated using the series of
operations shown above in FIGS. 12 and 13 are shown by
trend line 618, while the non-adjusted capacitance measure-
ments are shown by trend line 616. As shown in FIG. 15, the
non-adjusted capacitance measurements barely reach above
the refill threshold, although it is known from the compen-
sated capacitance measurements that the actual fill level
exceeds the refill threshold by a sizeable margin. Accord-
ingly, if the non-adjusted capacitance values were used in this
test, the dispensing device 10 would be more prone to refilling
the receiving space 16 too often when a refill was not neces-
sary, thereby leading to overfill and a messy condition that
could interfere with future operation of the cyclonic separator
unit 14, for example. Therefore, the compensation provided
by the control subroutine or series of operations described
above corrects for inaccurate readings caused by changing
temperatures at the level sensor 18, and problems are avoided
without the need for additional sensors or other equipment in
the receiving space 16.

[0090] Accordingly, the receiving space 16 and the level
sensor 18 are optimized to produce highly responsive and
accurate readings of the level of adhesive material held by the
receiving space 16. Thus, regardless of whether the adhesive
dispensing device 10 is operating at a high flow rate or a low
flow rate, the controller 48 is provided with sufficient infor-
mation (via the multiple control signals generated and
enabled as a result of the broader sensing window) to keep the
level of adhesive material at a desired level within the receiv-
ing space 16 and the reservoir 22. To this end, the melt
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subassembly 12 is prevented from running out of adhesive
material or filling up with too much adhesive material. More-
over, the size and positioning of the plate element 96 along the
majority of a sidewall 98 of the receiving space 16 enables
rapid melting off of any adhesive pellets 160 or residue stuck
on the level sensor 18 above the actual level of the adhesive
material in the receiving space 16. The broader sensing win-
dow defined by the level sensor 18 is therefore less suscep-
tible to localized events or effects as well as more sensitive
and responsive to fill level changes within the receiving space
16. Thus, the level sensor 18 advantageously improves the
response time and accuracy when detecting levels of material
within the receiving space 16.

[0091] While the present invention has been illustrated by a
description of several embodiments, and while such embodi-
ments have been described in considerable detail, there is no
intention to restrict, or in any way limit, the scope of the
appended claims to such detail. Additional advantages and
modifications will readily appear to those skilled in the art.
For example, the level sensor 18 described in connection with
the receiving space 16 may be used with other elements of the
melt subassembly 12 or other types of material moving sys-
tems. Therefore, the invention in its broadest aspects is not
limited to the specific details shown and described. The vari-
ous features disclosed herein may be used in any combination
necessary or desired for a particular application. Conse-
quently, departures may be made from the details described
herein without departing from the spirit and scope of the
claims which follow.

What is claimed is:

1. An adhesive dispensing device, comprising:

a melt subassembly including a heater unit adapted to melt
and heat an adhesive to an elevated application tempera-
ture, a receiving space positioned to receive unmelted
adhesive and deliver the adhesive into said heater unit, a
reservoir for receiving the adhesive from said heater
unit, and a pump for directing the adhesive from said
reservoir to an outlet, said receiving space and reservoir
defining a collective storage volume and said heater unit
defining a surface area in contact with the adhesive; and

a control subassembly including a controller configured to
operate said pump and said heater unit to dispense adhe-
sive through said outlet,

arelation of the collective storage volume of said receiving
space and said reservoir to the surface area of said heater
unit being minimized such that the adhesive is not held at
the elevated application temperature long enough to
degrade or char during periods of low adhesive flow, and
such that the adhesive is heated rapidly enough to be
dispensed at a maximum flow rate during periods of high
adhesive flow.

2. The adhesive dispensing device of claim 1, wherein the
relation of the collective storage volume to the surface area of
said heater unit is less than 1 cubic inch of volume to 1 square
inch of surface area.

3. The adhesive dispensing device of claim 2, wherein the
relation of the collective storage volume to the surface area of
said heater unitis about 0.7 cubic inches of volumeto 1 square
inch of surface area.

4. The adhesive dispensing device of claim 1, wherein said
control subassembly is adapted to actuate supply of unmelted
adhesive to said receiving space as melted adhesive is
pumped from said reservoir, and wherein the unmelted adhe-
sive delivered to said receiving space defines a small diameter
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round pellet shape that is configured to be melted rapidly at
the heater unit during periods of high adhesive flow.

5. The adhesive dispensing device of claim 4, wherein said
receiving space is at least partially defined by a sidewall, and
a level sensor having an electrically driven electrode is
mounted along said sidewall such that a fill level of adhesive
in said receiving space is detected by a change in dielectric
capacitance from said electrically driven electrode to a
ground at least partially defined at said sidewall.

6. The adhesive dispensing device of claim 4, wherein said
melt subassembly further comprises:

a cyclonic separator unit configured to receive pellets of
adhesive in an air flow and reduce the velocity of the air
flow and the pellets of adhesive before depositing the
pellets of adhesive into said receiving space, and

wherein the pellet shape of the adhesive is optimized to
enable reliable flow of small amounts of adhesive with
the air flow to supply a controlled amount of adhesive to
said receiving space.

7. The adhesive dispensing device of claim 1, wherein the
collective volume of said receiving space and said reservoir is
less than 2 liters.

8. An adhesive melter, comprising:

a heater unit configured to receive solid or semi-solid adhe-
sive from an adhesive source and configured to heat and
melt the adhesive;

a reservoir operatively coupled to said heater unit and
positioned to receive heated and melted adhesive from
said heater unit; and

a pump in fluid communication with said reservoir so as to
receive the heated and melted adhesive from said reser-
voir, said pump being located at least partially within a
heated housing, wherein said heated housing heats said
pump and adhesive within said pump during startup and
regular operation of the adhesive melter.

9. The adhesive melter of claim 8, further comprising:

a manifold in fluid communication with said reservoir and
said pump, said manifold including at least one outlet
configured to supply adhesive that is removed from said
reservoir by said pump to a downstream adhesive dis-
pensing device.

10. The adhesive melter of claim 9, wherein said manifold
defines said heated housing such that said manifold at least
partially surrounds said pump and supplies heat energy to said
pump.

11. The adhesive melter of claim 10, wherein said reservoir
directly abuts said manifold so that said reservoir provides
heat energy by conduction into said manifold for heating said
pump.

12. The adhesive melter of claim 11, wherein said manifold
is integrally formed as a unitary piece with said reservoir,
thereby enabling the conduction of heat energy from said
reservoir to said manifold and said pump.

13. The adhesive melter of claim 10, further comprising:

an insulating external housing at least partially surround-
ing said heater unit, said reservoir, and said manifold
collectively in order to encourage conduction of heat
energy to said pump.

14. An adhesive dispensing device, comprising:

a heater unit configured to melt and heat an adhesive to an
elevated application temperature;

a receiving space defined by at least one sidewall and a top
wall having an inlet aperture, said receiving space being
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positioned to receive unmelted adhesive and deliver the
adhesive into said heater unit;

afluid level sensor for measuring a fill level of the adhesive

within said receiving space to determine when said
receiving space needs refilled with adhesive;

a reservoir positioned to receive the heated adhesive from

said heater unit; and

apump for directing the adhesive from said reservoir out of

the adhesive dispensing device, wherein said receiving
space, said heater unit, and said reservoir are positioned
above and/or below one another in a common vertical
plane, and said pump is positioned said receiving space,
said heater unit, and said reservoir in another vertical
plane spaced from and parallel to the common vertical
plane.

15. The adhesive dispensing device of claim 14, further
comprising a cyclonic separator unit coupled to said receiving
space, said cyclonic separator unit including an elongate pipe
including a top end and a bottom end, said top end commu-
nicating with a tangential inlet pipe such that a flow of air and
adhesive pellets flows from said tangential inlet pipe to spiral
downwardly in said elongate pipe toward said bottom end and
said inlet aperture of said receiving space, thereby decelerat-
ing the adhesive pellets before delivery into said receiving
space.
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