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(57) Abstract: A dispensing module (10) and method of dispensing an ad-
hesive includes a dispenser body (12) having a valve element (18) and a
nozzle (14). The nozzle (14) includes a nozzle member (24), a sealing zone
(26), and a valve seat (28). The nozzle member (24) includes a liquid pas-
sageway (44) having a bore (48), a cylindrical surface (50), a second conver-
ging surface (56), and a shoulder (52). The sealing zone (26) is defined by
the cylindrical surtace (50) and extends from the bore (48) toward the
shoulder (52) and engages the valve element (18) to close a first volume of
the liquid passageway (44) from the inlet (42). The valve seat (28) is defined
by the shoulder (52) and the second converging surface (56) and has a circu-
lar line of contact that engages the valve element (18) to close a second
volume of the liquid passageway (44) from the inlet (42). The first volume
reduces to the second volume as the valve element (18) moves distally along
the sealing zone (26) for discharging the adhesive.
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DISPENSING MODULE HAVING A SEALING ZONE AND METHOD FOR
DISPENSING AN ADHESIVE

Technical Field

[0001] The present invention relates generally to a dispensing module for
dispensing viscous liquids and, more particularly, to a dispensing module for

dispensing an adhesive.

Background
[0002] Dispensing modules are commonly used to dispense viscous

liquids, such as hot melt adhesives, in a variety of dispensing applications
employed in the manufacture of products and in product packaging.
Conventional dispensing modules are provided with either electrically actuated
or electro-pneumatically actuated valve assemblies that regulate the flow and
discharge of adhesive from the dispensing module. Typically, the valve
assembly incorporates a valve element that is movable to a valve seat between
open and closed positions. In the closed position, the valve member seals
against the valve seat with a continuous line of contact to discontinue a flow of
the adhesive from an outlet of the dispensing module. Cyclical movement of
the valve element between the open and closed positions intermittently
interrupts the flow to generate a pattern of adhesive on a receiving surface of
the product or product packaging.

[0003] In many instances, the pattern includes one or more "beads” of
the adhesive. The term "bead" generally refers to a continuous discharge of the
adhesive, or any other viscous liquid, on the receiving surface with a desirable
length, height, width, or other dimension. While the dimensions may vary given
the particular application, the ability to repeatedly, accurately, and precisely
initiate and terminate the bead provides a manufacturer with the best
opportunity to efficiently position each bead on the receiving surface without
waste. For example, there are many applications in which it is desirable or
necessary to sharply cut off flow of the adhesive from the dispensing module to
quickly and precisely terminate the bead on the receiving surface.

[0004] Unfortunately, known dispensing modules require a tradeoff
between repeatability discharging adhesive and sharply cutting off the flow of
adhesive. On one hand, many known dispenser modules capable of sharply

cutting off the flow of adhesive tend to be more prone to "clogging,” in which the
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adhesive blocks the outlet from the further discharge of adhesive. Clogged
dispensing modules must be manually cleaned or replaced, resulting in
equipment downtime and significant labor and replacement costs to the
manufacturer. On the other hand, many known dispenser modules capable of
physically displacing clogged adhesive tend to be more prone to a bead "tailing
effect” or "stringing," in which the flow of adhesive gradually reduces to
terminate the bead. The "tailing effect” refers to the bead tapering to
termination due to the more gradual flow reduction, whereas "stringing" refers to
wasted adhesive that discharges from the dispensing module but fails to reach
the bead. For this reason, manufacturers carefully consider these various
tradeoffs when selecting a dispensing module for a particular application.
[0005] There is a need for a dispensing module and method for
dispensing a viscous liquid that sharply cuts off the flow of viscous liquid and
inhibits clogging while addressing issues such as those discussed above.

Summary
[0006] An exemplary embodiment of a dispensing module for dispensing

adhesive comprises a dispenser body and a nozzle connected to the dispenser
body. The dispenser body has a liquid supply passageway and a valve
element. The valve element includes a first valve surface and a second valve
surface and moves from a proximal position to a distal position. The nozzle
comprises a nozzle member, a sealing zone, and a valve seat.

[0007] The nozzle member includes an inlet, an outlet, and a liquid
passageway extending from the inlet to the outlet. The liquid passageway is
fluidly connected to the liquid supply passage and includes a bore extending
toward the outlet and a cylindrical surface extending toward the outlet. In
addition, the liquid passageway includes a second converging surface tapering
conically toward the outlet and a shoulder positioned between the second
converging surface and the cylindrical surface.

[0008] The sealing zone is defined by the cylindrical surface and extends
from an intersection between the cylindrical surface and the bore toward the
shoulder. The sealing zone also has a seal diameter sized to engage the first
valve surface of the valve element moving from the proximal position to the
distal position. The sealing zone and valve element close a first volume of the

liquid passageway from the inlet.
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[0009] The valve seat is defined by an intersection between the shoulder
and the bore as a circular line of contact. The circular line of contact is sized
such that the valve seat engages the second valve surface of the valve element
in the distal position. The valve seat and valve element close a second volume
of the liquid passageway from the inlet. As such, the first volume of the
passageway reduces to the second volume as the valve element moves distally
along the sealing zone for discharging a volume of adhesive from the outlet.
[0010] Another exemplary embodiment of a nozzle for a dispensing
module comprises a nozzle member, a sealing zone, and a valve seat. The
nozzle member includes an inlet, an outlet, and a liquid passageway extending
from the inlet to the outlet. The liquid passageway is fluidly connected to the
liquid supply passage and includes a bore extending toward the outlet and a
cylindrical surface extending toward the outlet. In addition, the liquid
passageway includes a second converging surface tapering conically toward
the outlet and a shoulder positioned between the second converging surface
and the cylindrical surface. The sealing zone is defined by the cylindrical
surface and extends from an intersection between the cylindrical surface and
the bore toward the shoulder. The sealing zone also has a seal diameter sized
for sealing against a valve element and closing a first volume of the liquid
passageway from the inlet. Furthermore, the valve seat is defined by an
intersection between the shoulder and the second converging surface as a
circular line of contact. The circular line of contact is sized for sealing against
the valve element and closing a second volume of the liquid passageway from
the inlet. As such, the first volume of the passageway reduces to the second
volume along the sealing zone for discharging a volume of adhesive from the
outlet.

[0011] In use, an adhesive bead is dispensed from a dispensing module
having a nozzle with an inlet, an outlet, and liquid passageway extending
therebetween. A method of dispensing the adhesive bead includes forcing a
pressurized adhesive from the outlet with a valve element in a proximal position
to discharge a first portion of the adhesive bead. The method also includes
moving the valve element from the proximal position to a sealing zone and
closing a first volume of the liquid passageway from the inlet to cease
discharging the first portion of the adhesive bead. Furthermore, the method

includes moving the valve element distally along the sealing zone toward a
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distal position and reducing the first volume of the liquid passageway to force
additional adhesive from the outlet and discharge a second portion of the
adhesive bead. In addition, the method includes engaging the valve element
against a valve seat in the distal position to close a second volume of the liquid
passageway from the inlet to cease discharging the second portion of the
adhesive bead. The method further includes inserting at least a portion of a
needle tip into a discharge passageway that defines the outlet for inhibiting
clogging of the adhesive within the nozzle.

[0012] Various additional objectives, advantages, and features of the
invention will be appreciated from a review of the following detailed description
of the illustrative embodiments taken in conjunction with the accompanying

drawings.

Brief Description of the Drawings

[0013] The accompanying drawings, which are incorporated 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 given below, serve to explain the invention.

[0014] FIG. 1 is a sectional view of an embodiment of a dispensing
module constructed in accordance with the invention.

[0015] FIG. 2A is an enlarged view of the dispensing module of FIG. 1
having a valve element in a proximal open position.

[0016] FIG. 2B is similar to FIG. 2A, but shows the valve element in a
medial closed position.

[0017] FIG. 2C is similar to FIG. 2B, but shows the valve element in the
distal closed position.

[0018] FIG. 3A is an enlarged sectional view of an alternative
embodiment of a dispensing module having a valve element in a proximal

position constructed in accordance with the invention.

[0019] FIG. 3B is similar to FIG. 3A, but shows the valve element in a
medial closed.
[0020] FIG. 3C is similar to FIG. 3B, but shows the valve element in the

distal closed position.
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[0021] FIG. 4 is a chart illustrating an exemplary mass flow rate of a prior
art dispensing module and an exemplary mass flow rate of the embodiment of
the dispensing module shown in FIGS. 2A-2C.

[0022] FIG. 5 is a chart illustrating an exemplary mass flow rate of a prior
art dispensing module and an exemplary mass flow rate of the alternative
embodiment of the dispensing module shown in FIGS. 3A-3C.

[0023] FIG. 6 is an exemplary bead of adhesive on a receiving surface
dispensed by a prior art dispensing module.

[0024] FIG. 7 is an exemplary bead of adhesive on a receiving surface

dispensed by a dispensing module in accordance with the invention.

Detailed Description

[0025] FIG. 1 illustrates an exemplary embodiment of a dispensing
module 10 for dispensing an adhesive or other viscous liquid. The dispensing
module 10 includes a dispenser body 12 and a nozzle 14 coupled removably or
detachably with the dispenser body 12. Generally, the dispenser body 12 may
be any suitable dispenser body configured to provide a liquid flow to the nozzle
14. The dispenser body 12 also includes a bore 16 receiving a needle 18, or
other valve element, mounted for reciprocating movement within dispenser
body 12 between a distal closed position and proximal open position. With
respect to the use of the terms "distal” and "proximal,” it will be appreciated that
such directions are intended to describe relative locations along exemplary
embodiments of the dispensing module 10. It is not intended that the terms
"distal" and "proximal” limit the invention to any of the exemplary embodiments
described herein.

[0026] With respect to FIG. 1 and FIG. 2A, the needle 18 is an elongated
shaft having a needle tip 20 proximate to the nozzle 14. More particularly, the
needle 18 extends through a needle guide (not shown) that constrains the
needle 18 to perform substantially linear reciprocation relative to dispenser
body 12 with an insignificant amount of lateral displacement or deflection of its
elongated shaft. The nozzle 14 includes a nozzle body 22 and a nozzle insert
24 positioned within the nozzle body 22 that carries a sealing zone 26 and valve
seat 28, described below in greater detail. The needle tip 20 of needle 18
selectively engages the sealing zone 26 and valve seat 28, in association with

the axial movement of the needle 18, for controlling the flow of adhesive
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through a discharge passageway 30 extending distally from the valve seat 28.
The adhesive is repeatedly discharged from an outlet 36 of the discharge
passageway 30 for dispensing a bead of adhesive precisely and without undue
clogging, tailing, or stringing. As described herein, the term "bead" generally
refers to a continuous discharge of the adhesive, or any other viscous liquid, on
a receiving surface with a desirable length, height, width, or other dimension. In
addition, the term "tailing" refers to the bead tapering to termination, whereas
the term "stringing” refers to wasted adhesive that discharges from the
dispensing module 10 but fails to reach the bead. According to the exemplary
embodiment of the dispensing module 10, the dispenser body 12 and needle 18
are described in additional detail in U.S. Patent No. 8,069,653, filed October 16,
2002, assigned to the assignee of the present invention, and the disclosure of
which is hereby incorporated by reference herein.

[0027] The needle 18 is in the proximal open position such that the inlet
42 openly communicates adhesive to the outlet 36. The dispenser body 12
further includes a nozzle adapter 32 inserted into the bore 16 to partially extend
from the dispenser body 12. The nozzle adapter 32 is configured to mate with
the nozzle body 22 for mechanically coupling or attaching the nozzle 14 with the
dispenser body 12. An O-ring 34 provides a fluid seal between the nozzle
adapter 32 and the nozzle body 22.

[0028] A liquid supply passage 38 extends through the dispenser body
12 along a length of the needle 18. The liquid supply passage 38 fluidly
connects to an inlet 42 of a liquid passageway 44 within the nozzle 14.
Accordingly, liquid adhesive flows through the liquid supply passage 38, the
liquid passageway 44, and the discharge passageway 30, to be dispensed from
the outlet 36 when the needle 18 is disengaged from valve seat 28.
Accordingly, the nozzle 14 and the needle 18 collectively provide a dispensing
valve for controlling the flow of adhesive from the outlet 36.

[0029] More particularly, as shown in FIG. 2A, the liquid passageway 44
is defined by a plurality of inner bores or surfaces within the nozzle insert 24.
The nozzle insert 24 includes a proximal, first cylindrical surface 46 defining the
inlet 42 that extends to a proximal bore 48. More particularly, the bore 48 is in
the form of a first converging surface, such as a first frustoconical surface. The
nozzle insert 24 also includes a sealing cylindrical surface 50 extending from

the bore 48 to a shoulder 52 carrying the valve seat 28. The shoulder 52 has a
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planar annular surface 54 facing toward the nozzle insert 24. The valve seat 28
is further defined by an intersection between the shoulder 52 and a distal,
second converging surface 56. More particularly, the second converging
surface 56 is in the form of a second frustoconical surface. Accordingly, the
valve seat 28 provides a sharp circumferential edge that defines a circular line
of contact with the needle tip 20. It will be appreciated that the term "circular
line of contact” may refer to a circular line of generally any width. For example,
the circular line of contact may be a thin circular line having a relatively small
amount of surface area or a thick circular line of contact having a relatively large
amount of surface. According to an exemplary embodiment, the sharp
circumferential edge defines a relatively thin circular line of contact.

[0030] The valve seat 28 is centered or coaxial with, and radially
symmetric relative to the longitudinally extending needle 18 within the liquid
passageway 44. The second converging surface 56 extends to the discharge
passageway 30 having the outlet 36, which is defined by a distal, second
cylindrical surface 58. The bore 48, in the form of the first converging surface,
and the second converging surface 56 taper conically toward the outlet 36 with
a given taper angled relative to the longitudinally extending needle 18. In
contrast, the first and second cylindrical surfaces 46, 58 extend toward the
outlet 36 generally parallel to the longitudinally extending needle 18.

[0031] The needle 18 includes a cylindrical valve surface 59 extending to
the needle tip 20. An intersection of the cylindrical valve surface 59 and the
needle tip 20 define a valve leading edge 60, whereas an intersection of the
sealing cylindrical surface 50 and the bore 48 define a nozzle leading edge 61.
The sealing cylindrical surface 50 of the liquid passageway 44 defines a sealing
diameter sized to provide a sealing engagement with the cylindrical valve
surface 59. As such, the valve leading edge 60 contacts and aligns with the
nozzle leading edge 61 to define a first volume 70 (see FIG. 2B) of the liquid
passageway 44 closed from the inlet 42.

[0032] Furthermore, the needle tip 20 includes a first frustoconical valve
surface 62 and a second frustoconical valve surface 64. The first and second
frustoconical valve surfaces 62, 64 form a compound angle and terminate at a
blunt apex 66. A circumferential portion of the first frustoconical valve surface
62 contacts the valve seat 28 to create the thin circular line of contact, which

provides a sealing engagement in the distal closed position that defines a
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second volume 72 (see FIG. 2C) of the liquid passageway 44 closed from the
inlet 42. In other words, the needle 18 seals against the nozzle insert 24 and
blocks the flow of adhesive moving along the liquid passageway 44 toward the
outlet 36. Each of the first and second frustoconical valve surfaces 62, 64 and
cylindrical valve surface 59 are centered along, and radially symmetric or
coaxial about the needle 18.

[0033] Furthermore, the first frustoconical valve surface 62 tapers
conically toward the apex 66 with a first included angle, whereas the second
frustoconical valve surface 64 tapers conically toward the apex 66 with a
second included angle smaller than the first included angle. According to an
exemplary embodiment, the second included angle is smaller than the first
included angle. The taper angle of the second converging surface 56 of the
liquid passageway 44 is greater than or equal to the second included angle of
the second frustoconical valve surface 64 such that a volume of a cavity 68
defined therebetween is reduced to minimize residual adhesive within the cavity
68. Also, at least a portion of the second frustoconical valve surface 64 and the
apex 66 extend into the discharge passageway 30, proximate to the outlet 36,
to inhibit clogging of adhesive in the distal closed position.

[0034] With respect to FIG. 2B, the needle 18, while moving from the
proximal open position toward the distal closed position, moves into a medial
closed position in which the first volume 70 of the liquid passageway 44 is
closed from the inlet 42. The first volume 70 is represented in FIG. 2B by a first
remaining volume of adhesive located within the liquid passageway 44 distal of
the alignment between the valve leading edge 60 and the nozzle leading edge
61. Of course, as shown in FIG. 2C, the needle 18 continues to move to the
distal closed position where the second frustoconical valve surface 64 engages
the valve seat 28. The second volume 72 is represented in FIG. 2C by a
second remaining volume of adhesive located within the liquid passageway 44
distal of the valve leading edge 60 engaged against the sealing cylindrical
surface 50.

[0035] The valve leading edge 60 moves distally beyond the nozzle
leading edge 61 along the sealing cylindrical surface 50 as the needle 18
moves from the medial closed position to the distal closed position.
Accordingly, the distance along the sealing cylindrical surface 50 that the valve

leading edge 60 travels and further defines the sealing zone 26 along at least a
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portion of the sealing cylindrical surface 50 with the seal diameter. As the valve
leading edge 60 moves distally along the sealing zone 26, the first volume 70
gradually reduces to the second volume 72 and the needle 18 positively
displaces a differential volume of adhesive from the liquid passageway 44. The
differential volume of the adhesive equates to the difference between the first
remaining volume of adhesive 70 and the second remaining volume of adhesive
72.

[0036] With respect to FIGS. 3A-3C, an alternative embodiment of a
dispensing module 110 includes the dispenser body 12 having a needle 118
moveably mounted within the bore 16 (see FIG. 1). Also, a nozzle 114 is
connected to the dispenser body 12 for dispensing an adhesive, or other
viscous liquid. In this respect, like numbers indicate like features described
above.

[0037] As shown in FIG. 3A, the needle 118 is an elongated shaft having
a needle tip 120 proximate to the nozzle 114. As describe above, the needle
118 reciprocates within the dispenser body 12 between the proximal open
position and the distal closed position. The nozzle 114 includes the nozzle
body 22 and a nozzle insert 124 positioned within the nozzle body 22 that
carries a sealing zone 126 and valve seat 128.

[0038] The liquid supply passage 38 fluidly connects to an inlet 142 of a
liquid passageway 144 within the nozzle 114. Accordingly, liquid adhesive
flows through the liquid supply passage 38, the liquid passageway 144, and a
discharge passageway 130, to be dispensed from the outlet 136 when the
needle 118 is disengaged from valve seat 128. The nozzle 114 and the needle
118 collectively provide a dispensing valve for controlling the flow of adhesive
from the outlet 136.

[0039] More particularly, the liquid passageway 144 is defined by the
nozzle insert 124 including a proximal bore 148 defining the inlet 142 that
extends to a sealing cylindrical surface 150. According to an exemplary
embodiment, the bore 148 is in the form of a first converging surface, such as a
first frustoconical surface. In turn, the sealing cylindrical surface 150 extends to
a shoulder 152 carrying the valve seat 128. The shoulder 152 has a raised
annular projection 154 tapering proximally toward the inlet 142. The valve seat
128 is further defined by an intersection between the shoulder 152 and a distal,

second converging surface 156. More particularly, the second converging

-9-



WO 2015/065607 PCT/US2014/055803

surface 156 is in the form of a second frustoconical surface. Accordingly, the
valve seat 128 provides a smooth circumferential surface that defines a circular
surface of contact with the needle tip 120. As described above, it will be
appreciated that the term "circular line of contact” may refer to a circular line of
generally any width. According to an exemplary embodiment, the smooth
circumferential edge defines a relatively thick circular line of contact.

[0040] The valve seat 128 is centered or coaxial with, and radially
symmetric relative to the longitudinally extending needle 118 within the liquid
passageway 144. The second converging surface 156 extends to the
discharge passageway 130. In addition, the bore 148 and the second
converging surface 156 and second cylindrical surface 158 taper and extend
respectively similar to those discussed above.

[0041] The needle 118 includes the cylindrical valve surface 159
extending to the needle tip 120. An intersection of the cylindrical valve surface
159 and the needle tip 120 define a valve leading edge 160, whereas an
intersection of the sealing cylindrical surface 150 and the bore 148 define a
nozzle leading edge 161. The sealing cylindrical surface 150 of the liquid
passageway 144 defines a sealing diameter sized to provide a sealing
engagement with the cylindrical valve surface 159. As such, the valve leading
edge 160 makes initial engagement with the nozzle leading edge 161 to define
a first volume 170 (see FIG. 3B) of the liquid passageway 144 closed from the
inlet 142.

[0042] Furthermore, the needle tip 120 includes a first frustoconical valve
surface 162 and a second frustoconical valve surface 164. The first
frustoconical valve surface 162 tapers toward the inlet 142 to define an annular
converging groove 163 about the needle tip 120. The annular converging
groove 163 is configured for sealing against the circular surface of the raised
annular projection 154. As such, a circumferential portion of the first
frustoconical valve surface 162 contacts the valve seat 128 to create the
circular surface of contact, which provides a sealing engagement in the distal
closed position that defines a second volume 172 (see FIG. 3C) of the liquid
passageway 144 closed from the inlet 142.

[0043] The second frustoconical valve surface 164 tapers conically
toward the apex 66 with a first included angle. The taper angle of the second

converging surface 156 of the liquid passageway 144 is greater than or equal to
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the second included angle of the second frustoconical valve surface 164 such
that a volume of a cavity 68 defined therebetween is reduced to minimize
residual adhesive within the cavity 68. Also, at least a portion of the second
frustoconical valve surface 164 and the apex 66 extend into the discharge
passageway 130, proximate to the outlet 136, to inhibit clogging of adhesive in
the distal closed position.

[0044] With respect to FIG. 3B, the needle 118, while moving from the
proximal open position toward the distal closed position, moves into a medial
closed position in which the first volume 170 of the liquid passageway 144 is
closed from the inlet 142. The first volume 170 is represented in FIG. 3B by a
first remaining volume of adhesive located within the liquid passageway 144
distal of the alignment between the valve leading edge 160 and the nozzle
leading edge 161. Of course, as shown in FIG. 3C, the needle 118 continues to
move to the distal closed position where the second frustoconical valve surface
164 engages the valve seat 128. The second volume 172 is represented in
FIG. 3C by a second remaining volume of adhesive located within the liquid
passageway 144 distal of the valve leading edge 160 engaged against the
sealing cylindrical surface 150.

[0045] The valve leading edge 160 moves distally beyond the nozzle
leading edge 161 along the sealing cylindrical surface 150 as the needle 118
moves from the medial closed position to the distal closed position.
Accordingly, the distance along the sealing cylindrical surface 150 that the valve
leading edge 160 travels, defines the sealing zone 126 along generally an
entirety of the sealing cylindrical surface 150 with the seal diameter. As the
valve leading edge 160 moves distally along the sealing zone 126, the first
volume 170 gradually reduces to the second volume 172 and the needle 118
positively displaces a differential volume of adhesive from the liquid
passageway 144,

[0046] With reference to FIGS. 1-2C, 4, and 7, the dispensing module 10
operatively pressurizes an adhesive with the needle 18 in the proximal open
position so that the liquid passageway 44 is open and generally unobstructed
by the needle 18. The pressurized adhesive is in turn forced through the inlet
42, along the liquid passageway 44, and from the outlet 36 to discharge a first
bead portion 78. The needle 18 moves from the proximal open position toward

the distal closed position until reaching the medial closed position where the
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valve leading edge 60 aligns with the nozzle leading edge 61 of the sealing
zone 26 to close the first volume 70 of the liquid passageway 44 from the inlet
42. Once the nozzle leading edge 61 engages the sealing zone 26, the
pressurized adhesive flow ceases to discharge.

[0047] From the medial closed position, the needle 18 continues moving
distally along the sealing zone 26 toward the distal closed position. While
moving along the sealing zone 26, the first volume 70 of the liquid passageway
44 gradually reduces to the second volume 72 of the liquid passageway 44 in
the distal closed position. In turn, the needle 18 positively displaces the
adhesive remaining in the liquid passageway 44 and discharges the differential
volume of adhesive as a second bead portion 80.

[0048] Furthermore, as the needle 18 approaches the valve seat 28, at
least a portion of the needle tip 20 inserts into the discharge passageway 30 to
inhibit adhesive clogging proximate to the outlet 36. According to an exemplary
embodiment, the discharge passageway 30 and needle tip 20 define the cavity
68 therebetween that contains a final remaining portion of adhesive. While the
approaching needle tip 20 partially obstructs the discharge passageway 30, the
positive displacement of the adhesive forces the adhesive around the needle tip
20 and through the outlet 36 with sufficient consistency to generate a desirable
bead 82 of adhesive as shown in FIG. 7. Of course, once the desirable bead
82 is generated, the needle 18 moves proximally from the valve seat 28 to the
proximal open position to repeat the above description for additional beads.
[0049] While the above description refers to the dispensing module 10 for
dispensing the adhesive, the dispensing module 110 shown in FIGS. 3A-3C
may be similarly used for dispensing the adhesive. For example, both FIG. 4
and FIG. 5 show test results for mass flow rates of the adhesive discharging in
accordance with the dispensing modules 10, 110, respectively. With respect to
FIG. 4 and FIG. 7, the dashed line represents a dispensing module of the prior
art discharging an adhesive with a needle moving at 20 inches per second.
Notably, as the prior art needle moves from the proximal open position at 0
inches toward the distal closed position at 0.025 inches, the flow rate of the
adhesive gradually decreases and results in the undesirable tailing effect shown
in FIG. 6. In contrast, FIG. 4 shows the solid line representing a dispensing
module 10 with the needle 18 moving at 20 inches per second discharging the

first bead portion 78, as shown in FIG. 7, from the proximal open position to the
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medial closed position at approximately 0.014 inches. Thus, the needle 18
positively displaces the second bead portion 80 from the medial closed position
to the distal closed position, at which point, the second bead portion 80 rapidly
cuts off.

[0050] With respect to FIG. 5 and FIG. 7, the dashed line represents a
dispensing module of the prior art discharging an adhesive with a needle
moving at 30 inches per second. Similar to the above description, as the prior
art needle moves from the proximal open position at 0 inches toward the distal
closed position at 0.035 inches, the flow rate of the adhesive gradually
decreases from 0.03 inches to the distal closed position and also results in the
undesirable tailing effect shown in FIG. 6. In contrast, FIG. 5 shows the solid
line representing a dispensing module 110 with the needle 18 moving at 30
inches per second discharging the first bead portion 78, as shown in FIG. 7,
from the proximal open position to the medial closed position at approximately
0.03 inches. Thus, the needle 18 positively displaces the second bead portion
80 from the medial closed position to the distal closed position, at which point,
the second bead portion 80 rapidly cuts off.

[0051] While the present invention has been illustrated by the description
of one or more embodiments thereof, and while the embodiments have been
described in considerable detail, they are not intended to restrict or in any way
limit the scope of the appended claims to such detail. The various features
shown and described herein may be used alone or in any combination.
Additional advantages and modifications will readily appear to those skilled in
the art. The invention in its broader aspects is therefore not limited to the
specific details, representative apparatus and method and illustrative examples
shown and described. Accordingly, departures may be from such details

without departing from the scope of the general inventive concept.
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What is claimed is:
1. A dispensing module having a sealing zone for dispensing an
adhesive, comprising;

a dispenser body having a liquid supply passage and a valve
element, the valve element including a first valve surface and a second valve
surface and being movable from a proximal position to a distal position; and

a nozzle connected to the dispenser body, the nozzle comprising:

a nozzle member including an inlet, an outlet, and a liquid
passageway extending from the inlet to the outlet, the liquid passageway fluidly
connected to the liquid supply passage and including a bore extending toward
the outlet, a cylindrical surface extending toward the outlet, a second
converging surface tapering conically toward the outlet, and a shoulder
positioned between the second converging surface and the cylindrical surface;

a sealing zone at least partially defined by the cylindrical
surface, the sealing zone extending from an intersection between the cylindrical
surface and the bore toward the shoulder, the sealing zone having a seal
diameter sized to engage the first valve surface of the valve element moving
from the proximal position to the distal position and to close a first volume of the
liquid passageway from the inlet; and

a valve seat defined by an intersection between the
shoulder and the second converging surface as a circular line of contact, the
circular line of contact sized such that the valve seat engages the second valve
surface of the valve element in the distal position and closes a second volume
of the liquid passageway from the inlet, the first volume of the passageway
reducing to the second volume as the valve element moves distally along the
sealing zone for discharging a volume of adhesive from the outlet.

2. The dispensing module of claim 1 wherein the cylindrical surface

extends from the bore to the shoulder.

3. The dispensing module of claim 1 wherein the sealing zone

coaxially aligns with the valve seat.

4, The dispensing module of claim 1 wherein the sealing zone is less

than an entirety of the cylindrical surface.

-14-
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5. The dispensing module of claim 1 wherein the valve element
includes a needle tip, and a portion of the needle tip projects distally beyond the

second valve surface.

6. The dispensing module of claim 5 wherein the second converging
surface and the portion of the needle tip in the distal position define a cavity

therebetween.

7. The dispensing module of claim 1 wherein the valve seat provides
a sharp circumferential edge and the sharp circumferential edge defines a thin

circular line of contact.

8. The dispensing module of claim 7 wherein the second valve
surface of the valve element is a frustoconical valve surface tapering toward the

outlet.

9. The dispensing module of claim 1 wherein the shoulder includes
an annular projection about the liquid passageway, the annular projection

extending from the shoulder toward the inlet.

10. The dispensing module of claim 9 wherein the valve seat provides
a smooth circumferential edge and the smooth circumferential edge defines a

thick circular line of contact.

11. The dispensing module of claim 10 wherein the second valve
surface of the valve element is a frustoconical valve surface tapering toward the

inlet.
12. The dispensing module of claim 1 wherein the bore is formed as a

first frustoconical surface and the second converging surface is formed as a

second frustoconical surface.
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13. A nozzle having a sealing zone for an adhesive dispensing
module, comprising;

a nozzle member including an inlet, an outlet, and a liquid
passageway extending from the inlet to the outlet, the liquid passageway
including a bore extending toward the outlet, a cylindrical surface extending
toward the outlet, a second converging surface tapering conically toward the
outlet, and a shoulder positioned between the second converging surface and
the cylindrical surface;

a sealing zone at least partially defined by the cylindrical surface,
the sealing zone extending from an intersection between the cylindrical surface
and the bore toward the shoulder, the sealing zone having a seal diameter
sized for sealing against a valve element and closing a first volume of the liquid
passageway from the inlet;

a valve seat defined by an intersection between the shoulder and
the second converging surface as a circular line of contact, the circular line of
contact sized for sealing against the valve element and closing a second
volume of the liquid passageway from the inlet, the first volume of the
passageway reducing to the second volume along the sealing zone for

discharging a volume of adhesive from the outlet with the valve element.

14. The nozzle of claim 13 wherein the cylindrical surface extends

from the bore to the shoulder.

15. The nozzle of claim 13 the valve seat provides a sharp
circumferential edge and the sharp circumferential edge defines a thin circular
line of contact.

16. The nozzle of claim 13 wherein the shoulder includes an annular
projection about the liquid passageway, the annular projection extending from

the shoulder toward the inlet.
17. The nozzle of claim 16 wherein the valve seat provides a smooth

circumferential edge and the smooth circumferential edge defines a thick

circular line of contact.

-16-
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18. The nozzle of claim 13 wherein the sealing zone coaxially aligns
with the valve seat.

19. The nozzle of claim 13 wherein the sealing zone is less than an
entirety of the cylindrical surface.

20. The nozzle of claim 13 wherein the bore is formed as a first
frustoconical surface and the second converging surface is formed as a second

frustoconical surface.

21. A method of dispensing an adhesive bead from a dispensing
module having a nozzle, the nozzle including an inlet, an outlet, and a liquid
passageway extending therebetween, the method comprising:

moving the valve element from the proximal position to a sealing
zone and closing a first volume of the liquid passageway from the inlet to cease
discharging the first portion of the adhesive bead;

moving the valve element distally along the sealing zone toward a
distal position and reducing the first volume of the liquid passageway to force
additional adhesive from the outlet and discharge a second portion of the
adhesive bead;

engaging the valve element against a valve seat in the distal
position to close a second volume of the liquid passageway from the inlet to
cease discharging the second portion of the adhesive bead; and

inserting at least a portion of a needle tip into a discharge
passageway that defines the outlet for inhibiting clogging of the adhesive within

the nozzle.

22. The method of claim 21 further comprising:

forcing a pressurized adhesive from the outlet with a valve
element in a proximal, open position to discharge a first portion of the adhesive
bead.

17-
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23.  The method of claim 21 wherein the needle tip in the distal position and
the discharge passageway define a cavity therebetween, and the method
further comprises:

maintaining a remaining portion of adhesive within the cavity after
discharging the second portion of the adhesive bead.

18-
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