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(54) APPARATUS FOR DISPENSING LIQUID MATERIAL TO A SUBSTRATE

(57) The invention relates in a first aspect to an ap-
paratus (1, 1’) for dispensing liquid material to a sub-
strate, the apparatus (1, 1’) comprising:
- a housing (3) having an inlet (13) for supplying liquid
material from a material source to the inlet (13),
- a nozzle (5) communicating with the inlet (13) and hav-
ing a discharge opening (19) for dispensing the liquid
material,
- a valve assembly (7) comprising a movable plunger (21)
being formed at least partly of a magnetic material and
mounted within the housing (3) for reciprocal movement
in an axial direction between a closed and an open po-
sition, wherein in the open position, liquid material is dis-
pensed from the discharge opening (19) and in the closed
position, liquid material is prevented from being dis-
pensed from the discharge opening (19), an electromag-
netic coil (24) having a bobbin (35, 35’, 35") formed at
least partly of a magnetic material and a wire (37)
wrapped around the bobbin (35, 35’, 35"), wherein the
electromagnetic coil (24) is configured to apply an elec-
tromagnetic force on the plunger (21) to move the plunger
(21). The invention achieves its object according to the
first aspect in that the bobbin (35, 35’, 35") comprises a
shaft portion and a magnetic flux element coaxially ar-
ranged to the shaft portion, wherein the flux element ex-
tends beyond the shaft portion in radial direction and has
a slot (45, 45’, 45") extending in radial direction. The in-
vention achieves its object for an apparatus of the afore-
mentioned type in a second aspect in that the bobbin (35,
35’) comprises a shaft portion and a magnetic flux ele-
ment coaxially arranged to the shaft portion, wherein the
flux element extends beyond the shaft portion in radial
direction, and in that the shaft portion has a distal end
and the flux element is arranged at a distance to the distal
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Description

[0001] The present invention relates to an apparatus
for dispensing liquid material to a substrate, the appara-
tus comprising:

- a housing having an inlet for supplying liquid material
from a material source to the inlet,

- a nozzle communicating with the inlet and having a
discharge opening for dispensing the liquid material,

- a valve assembly comprising: a movable plunger be-
ing formed at least partly of a magnetic material and
mounted within the housing for reciprocal movement
in an axial direction between a closed and an open
position, wherein in the open position, liquid material
is dispensed from the discharge opening and in the
closed position, liquid material is prevented from be-
ing dispensed from the discharge opening, an elec-
tromagnetic coil having a bobbin formed at least part-
ly of a magnetic material and a wire wrapped around
the bobbin, wherein the electromagnetic coil is con-
figured to apply an electromagnetic force on the
plunger to move the plunger.

[0002] Apparatus for dispensing liquid material to a
substrate, in particular electrically-operated apparatus of
the aforementioned type, are known in the art. Such dis-
pensing apparatus are used in many industrial applica-
tions for intermittent delivery and application of liquids
onto various substrates or objects. For example, dispens-
ing apparatus are used in order to apply adhesive, color-
ing materials or the like onto automobile parts, packages,
furniture or paper, on large areas, in beads, or in dots.
Generally, an electrically-operated dispensing apparatus
includes a valve assembly comprising a movable plunger
for reciprocal movement in an axial direction between a
closed and an open position and an electromagnetic coil.
The plunger is moved relative to the electromagnetic coil
by selectively energizing and de-energizing the electro-
magnetic coil. When energized an electromagnetic field
is produced by the electromagnetic coil thereby magnet-
izing the plunger and a bobbin of the electromagnetic
coil. The resulting movement of the plunger in the opened
position releases the flow of liquid material within the flow
channels of the apparatus into the discharge opening of
the nozzle such that liquid material is dispensed. The
movable plunger or a valve element attached to the
plunger cooperates with a valve seat to release or inter-
rupt the material flow.
[0003] Such an electrically-operated dispensing appa-
ratus is cycled periodically between the open and the
closed state and position at the plunger to initiate and
interrupted fluid flow for dispensing small, discrete vol-
umes of a substrate. The cycle rate of the dispensing
apparatus has an influence on the shape of the material
dispensed on a substrate. In order to improve the cycle
rate, at least one flux element or flux guide element is
conventionally employed in order to strengthen the mag-

netic field by improving the magnetic flux. These flux
guide elements can be tubular structures surrounding
the plunger and/or the electromagnetic coil.
[0004] During operation, eddy currents can be gener-
ated within the flux elements, which can decrease the
cycle rate. Circumferential electrical currents retard the
dissipation of the magnetic field and therefore the time
for the (reciprocal) movement in axial direction of the
plunger into the closed position.
[0005] In order to reduce such eddy currents, US pat-
ent 6,994,234 suggests a gap in a flux guide element
which is formed by the housing and further, US patent
application US 2008/0179352A1 suggests a bobbin hav-
ing a slot extending in axial direction. Such an air gap
formed by a gap or slot dissipates residual magnetism
after the electromagnetic coil is de-energized.
[0006] However, there is still a need to further improve
the performance characteristics, in particular the cycle
rate of a fluid dispensing apparatus capable of operating
with high frequencies. Thus, it is the object of the inven-
tion to provide an improved apparatus for dispensing liq-
uid material onto a substrate.
[0007] The invention attains the aforementioned object
by suggesting an apparatus according to claim 1. In par-
ticular, the invention suggests that the bobbin comprises
a shaft portion and a magnetic flux element coaxially ar-
ranged to the shaft portion, wherein the flux element ex-
tends beyond the shaft portion in radial direction and has
a slot extending in radial direction.
[0008] The invention advantageously recognizes, that
such a slot provided in the flux element and extending in
radial direction further improves the performance char-
acteristics such as the cycle rate by avoiding eddy cur-
rents within the plunger and the electromagnetic coil. The
slot preferably extends essentially from the outer periph-
ery of the flux element to an inner or center portion of the
flux element. In particular, the slot extends to essentially
the center of the bobbin, wherein the bobbin is coaxially
arranged to the flux element. The slot results in an inter-
ruption of eddy currents within the plunger or the elec-
tromagnetic coil so that upon de-energization of the elec-
tromagnetic coil, the plunger is moved faster into the
closed position. By providing the slot at the flux element
that extends beyond the shaft portion of the bobbin in
radial direction, the eddy currents surrounding the plung-
er are interrupted without need for providing an additional
flux element surrounding the plunger and/or the coil. By
simply extending beyond the outer periphery of the plung-
er and/or the bobbin, the slotted flux element can suffi-
ciently interrupt the magnetic field thereby significantly
avoiding eddy currents and increasing the cycle rates.
[0009] It will be understood, that a flux element can
have any form preferably having a center that is aligned
with the center of the bobbin in a cross sectional area
that is orthogonal to the axial direction of the plunger.
Preferably such a flux element has a cylindrically prefer-
ably flat form such as a flux ring or a flange or flange-like
structure.
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[0010] In a preferred embodiment of the invention, the
slot extending in radial direction has a width of at least
1,5 mm. By having a width of at least 1,5 mm the per-
formance characteristics are further improved. In a pre-
ferred embodiment of the invention, the shaft portion is
a first shaft portion and the flux element is a first flux
element, wherein the bobbin further comprises a second
shaft portion and a second magnetic flux element coax-
ially arranged to the second shaft portion, and wherein
the second flux element extends beyond the second shaft
portion in radial direction and has a slot extending in radial
direction. By providing a second shaft portion and a sec-
ond magnetic flux element having a slot extending in ra-
dial direction, eddy currents are further reduced and
thereby the cycle time of the dispensing apparatus is in-
creased.
[0011] In a particularly preferred embodiment, the slot
of the first flux element is aligned with the slot of the sec-
ond flux element in in axial direction. The first and second
flux element are axially spaced apart from each other.
By arranging the first and second flux elements, such
that the slot of the first flux element is aligned with the
slot of the second flux element, the invention advanta-
geously achieves, that the eddy currents formed between
the flux element during magnetization of the electromag-
netic coil are interrupted by said gap defined by the first
and second slot, wherein the projection of the slot is ex-
tending along the bobbin in longitudinal direction.
[0012] Preferably, the first shaft portion is formed of a
magnetic material. By forming the first shaft portion of a
magnetic material, the shaft portion also forms a flux el-
ement thereby strengthening the magnetic field by im-
proving the magnetic flux and thus improving the reaction
times and the cycle rate of the dispensing apparatus. It
is preferred, that the first shaft portion and the first flux
element are integrally formed.
[0013] Preferably, the second shaft portion is formed
of a magnetic material. Thereby, it is particular preferred,
that the second shaft portion and the second flux element
are integrally formed. As mentioned above, by providing
a magnetic shaft portion, the magnetic field is further
strengthened by improving the magnetic flux.
[0014] In a preferred embodiment of the invention, the
bobbin comprises an intermediate portion formed of a
non-magnetic material, preferably a non-magnetic stain-
less steel, and the intermediate portion being configured
to magnetically isolate the first and second shaft portion.
By providing an intermediate portion that is formed of a
non-magnetic material, the invention advantageously
recognizes, that such an intermediate portion forms a
magnetic spacer element between the first and second
shaft portion, that supports the de-magnetization of the
first and second shaft portion, when the electromagnetic
coil is de-energized for moving the plunger from the
opened position to the closed position, and thereby in-
creases the maximum achievable operational frequency
of the dispensing apparatus.
[0015] Preferably, the bobbin is integrally formed. By

forming the bobbin as an integral part, the plurality of
parts to be assembled is reduced in thereby the manu-
facturing costs decrease. Further, by forming the bobbin
as an integral part, the bobbin can provide an internal
passage for the liquid adhesive providing sufficient seal-
ing.
[0016] Preferably, the second shaft portion, the inter-
mediate portion and the first shaft portion are joined by
material joining, preferably by welding. Coupling the first
shaft portion, the second shaft portion and the interme-
diate portion by material joining provides a heat, mechan-
ical and chemical resistant bonding between said parts,
thereby improving the assembling of the dispensing ap-
paratus by reducing the number of parts to be assembled.
[0017] In a preferred embodiment of the invention, the
housing is formed at least partly of a magnetic material
and has a slot axially aligned to the slot provided at the
first flux element and/or to the slot provided at the second
flux element. By providing a magnetic housing having a
slot extending from the outer periphery of the housing
towards the center of the housing, the cycle rates are
further optimized by reducing the eddy currents by means
of the slotted housing. One or a plurality of such slots
may be provided in the housing.
[0018] In another preferred embodiment of the inven-
tion, the housing is a first inner housing and the apparatus
further comprises a second outer housing enclosing the
inner housing, and wherein the outer housing is formed
of a non-magnetic material. Preferably, the slot provided
at the housing is axially aligned with a slot provided at
the first and/or second flux element. By providing an outer
housing enclosing the inner housing, the dispensing ap-
paratus is sealingly enclosed by said second housing
formed of a non-magnetic material. Thus, the inner hous-
ing is configured to reduce the eddy currents by providing
a slot and the outer housing encloses said inner housing,
can be formed of any material providing a simplified man-
ufacturing or a reduction of manufacturing and especially
material costs.
[0019] Preferably, the plunger is coaxially arranged to
the bobbin, and wherein the plunger has a slot axially
aligned to the slot provided at the first flux element and/or
to the slot provided at the second flux element. Thereby
the eddy currents are further reduced thereby increasing
the cycle rate of the dispensing apparatus. The slot ex-
tends preferably essentially from the outer periphery to
an inner portion of the plunger. The slot may extend to
essentially the center of the plunger or to an inner bore
within the plunger. The slot results in an interruption of
eddy currents within the plunger, so that upon de-ener-
gization of the electromagnetic coil, the plunger is moved
faster into the closed position.
[0020] The aligned slots of the first and second flux
element, and/or the plunger, and/or the housing respec-
tively, serve for the accelerated decomposition of the
magneticfield, thereby improving the reduction of eddy
currents provided by a slotted magnetic element and en-
abling faster dispensing cycles.
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[0021] According to a preferred embodiment of the
present invention, that is also a second aspect of the
invention, the invention achieves the initially mentioned
object by an apparatus according to claim 14. In partic-
ular, the invention suggests that the bobbin comprises a
shaft portion and a magnetic flux element coaxially ar-
ranged to the shaft portion, wherein the flux element ex-
tends beyond the shaft portion in radial direction, and in
that the shaft portion has a distal end and the flux element
is arranged at a distance to the distal end. The examples
and preferred embodiments of the apparatus according
to the first aspect of the present invention as described
above are also the preferred embodiments and preferred
examples of the apparatus according to the second as-
pect and vice versa. By arranging the flux element at a
distance to the distal end of the shaft portion, the dimen-
sioning of the bobbin is more flexible and thereby provid-
ing for example a guiding for the plunger and/or a fluid
passage extending in axial direction through the center
of the bobbin.
[0022] If such a shaft portion is formed of a magnetic
material, the dimensioning of the shaft portion and in par-
ticular that the shaft portion extends beyond the position
of the flux element provides an increased strengthening
of the electromagnetic field by the magnetic shaft portion
along its entire length.
[0023] If such a shaft portion is formed of a non-mag-
netic material, the arrangement of the flux element at a
distance to the shaft portion can for example form a mag-
netic-isolating gap between the plunger and the magnetic
flux element the de-magnetization of the plunger is fas-
tened thereby increasing the cycle time of the dispensing
apparatus.
[0024] Preferably, the shaft portion is a first shaft por-
tion and the flux element is a first flux element, the bobbin
further comprises a second shaft portion and a second
magnetic flux element coaxially arranged to the second
shaft portion, wherein the second flux element extends
beyond the second shaft portion in radial direction, and
in that the second shaft portion has a distal end and the
second flux element is arranged at a distance to the distal
end. By providing a second shaft portion and a second
flux element arranged at a distance to the distal end of
the second shaft portion, the bobbin can be formed more
flexible thereby allowing constructional features, as for
example providing a guidance for the plunger or a fluid
passage extending through the center of the bobbin in
axial direction.
[0025] If such a first and second shaft portion is formed
of a non-magnetic material, the dimensioning of the first
and/or second shaft portion extending beyond the flux
elements, can strengthened the magnetic field.
[0026] For a more complete understanding of the in-
vention, the invention is described in detail with reference
to the accompanying drawings. The detailed description
will illustrate and describe what is considered as a pre-
ferred embodiment of the invention.

Figure 1 shows a preferred embodiment of the ap-
paratus for dispensing a liquid fluid in a sec-
tional view,

Figure 2 shows the apparatus according to claim 1
in a side view,

Figure 3 shows the electromagnetic coil and the as-
sociated housing portion in a perspective
view,

Figure 4 shows the electromagnetic coil and asso-
ciated housing portion in an upper view

Figure 5 shows the electromagnetic coil according
to a first preferred embodiment in a per-
spective view,

Figure 6 shows the preferred embodiment accord-
ing to figure 5 in a sectional view,

Figure 7 shows the electromagnetic coil according
to a second preferred embodiment in a per-
spective view,

Figure 8 shows the preferred embodiment accord-
ing to figure 7 in a sectional view,

Figure 9 shows the electromagnetic coil according
to a third preferred embodiment in a per-
spective view,

Figure 10 shows the preferred embodiment accord-
ing to figure 9 in a sectional view,

Figure 11 shows the plunger in a perspective view,
and

Figure 12 shows the apparatus according to a second
preferred embodiment in a sectional view.

[0027] For the purpose of this description words of di-
rection such as "upward", "vertical", "horizontal", "right",
"left", "upper", "lower", "above", and the like are applied
in conjunction with the drawings for purpose of clarity in
the present description only. As is well known, liquid dis-
pensing apparatus may be oriented in substantially any
orientation, so these directional word should not be used
to imply any particular absolute directions for an appa-
ratus according to the invention.
[0028] Figure 1 and 2 show a first preferred embodi-
ment of the dispensing apparatus 1. The dispensing ap-
paratus 1 comprises a housing 3 a nozzle 5 and a valve
assembly 7. The nozzle 5 and the valve assembly 7 are
at least partly arranged in the housing 3 or at least partly
attached to the housing. The apparatus 1 further com-
prises a plug connector 9 extending from the housing 3
and being configured to couple the apparatus 1 to a
source of electric power.
[0029] The housing 3 comprises a first housing portion
11 forming an upper housing portion. The upper housing
portion 11 has an inlet 13 configured to be coupled to a
fluid supply. The housing 3 further comprises a second
housing portion 15 adjacent to the upper housing portion
11 and a third housing portion 17 that forms the lower
housing portion according to this embodiment. The lower
housing portion 17 partly encloses the nozzle 5.
[0030] A number of sealings 20 is arranged in the hous-
ing 3, and in particular two sealings are arranged in the
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upper housing portion 11 configured for sealingly sepa-
rating the fluid inlet 13 from the valve assembly 7 and in
particular from the electromagnetic coil 24. A third sealing
20 is arranged in the lower housing portion 17 for seal-
ingly separating the lower housing portion in in particular
from the discharge opening 19 communicating with the
fluid passage 27 from the electromagnetic coil 24. The
nozzle 5 has a discharge opening 19.
[0031] The valve assembly 7 comprises a plunger 21
movably mounted in the housing 3, a spring element 23
configured to apply a retention force on the plunger 21
and an electromagnetic coil 25 configured to apply an
electromagnetic force on the plunger 21 in order to urge
the movement of the plunger 21 in axial direction towards
the electromagnetic coil and against the retention force
applied by the spring element 23. The electromagnetic
coil 24, the plunger 21 and the spring element 23 are
arrange coaxially in the housing 3.
[0032] The plunger 21 comprises a sliding portion 26
being slidably in contact with an internal wall portion of
the electromagnetic coil 24. The plunger 21 further com-
prises a fluid passage 27 being in fluid communication
with the inlet 13 and the discharge opening 19 provided
in the nozzle 5. The plunger 21 further has a valve ele-
ment 29 coupled to the sliding portion 26 by a valve stem
31. The valve element 29 is configured to sealingly close
a valve seat 33 provided at the nozzle 5 in a closed po-
sition of the plunger 21 and to release the valve seat 33
and thus material flow in an opened position of the plung-
er 21. The valve stem 31 is projecting from the sliding
portion 26 and carries the preferably ball-shaped valve
element 29 and a valve plate 30 axially spaced apart from
the valve element 29. The valve element 29 is dimen-
sioned and shaped to seat against the valve seat 33 for
establishing a liquid-tight engagement there between
when the plunger 21 is in its closed position.
[0033] The spring element 23 biases the sliding portion
26 of the plunger 21 in an axial direction generally parallel
to longitudinal axis away from the electromagnetic coil
24. The biasing force applied by the spring element 23
urges the valve element 29 into contact with the valve
seat 33, and maintains the contact there between, when
the electromagnetic coil 24 is de-energized for closing
the dispensing apparatus 1. The spring element 23 is
located between the bobbin 35 and the valve plate 30.
[0034] In the following, the adventures and function of
the apparatus 1 will be further described.
[0035] The electromagnetic coil 24 comprises a bobbin
35 and a wire (not shown) wrapped around the bobbin
35. The bobbin 35 is coaxially arranged with reference
to the plunger 21. The bobbin 35 is formed as a hollow
cylindrical portion having the internal wall portion 25 that
is slidably in contact with the sliding portion 26 of the
plunger 21.
[0036] The upper housing portion 11 and the lower
housing portion 17 provide two circumferential grooves
to receive two of the sealings 20, such as an elastomer
0-ring, capable of providing a liquid seal with a pole piece

36 arranged in the bobbin 35. The lower housing portion
17 provides a circumferential groove to receive one of
the sealings 20.
[0037] As is shown in the sectional view according to
figure 3, the upper housing portion 11 has the fluid inlet
13 for a fluid communicating coupling to a fluid supply.
The middle housing portion 15 has an opening 38 for the
plug connector 9 and a slot 39 extending in longitudinal
direction along the entire housing portion 15.
[0038] The lower portion 17 of the housing 3 particu-
larly encloses the nozzle 5 providing a discharge opening
19 for dispensing amounts of liquefied fluid.
[0039] The dispensing apparatus 1 is cycled to its
opened state and position of the plunger 21 by energizing
the electromagnetic coil 24 with a sufficient coil current
or power so that the generated electromagnetic field pro-
duces an attractive force between the plunger 21, in par-
ticular the sliding portion 26 of the plunger 21, and the
bobbin 35 of the electromagnetic coil 24 of a magnitude
effective for overcoming the biasing force applied by the
spring element 23. Because is stationary, the attractive
force causes the plunger 21 to move toward the pole
piece 36 The movement of the plunger 21 towards the
pole piece 36 disengages the valve element 29 from the
valve seat 33 for opening the dispensing apparatus 1. In
the open position liquid material can flow from the inlet
13 through the internal fluid passage 27 through the valve
plate 30 and finally discharge by the discharge opening
19. Power is sustained to the electromagnetic coil 24 to
maintain the attractive force for a time sufficient to allow
a desired volume of liquid to be discharged by the dis-
charge opening 19. The electromagnetic coil 24 is de-
energized to closed the dispensing apparatus 1 and
cause the valve element 29 to contact the valve seat 33
in a closed position of the plunger 21, thus preventing
liquid flow through the internal fluid passage 27 and
through the discharge opening 19.
[0040] Figures 3 and 4 illustrate the electromagnetic
coil 24 and the associated middle housing portion 15 in
a perspective view and in an upper view. The slot 39
provided at the middle housing portion 15 is extending
from the periphery of the housing portion 15 towards the
center of the housing portion 15. The slot 39 is extending
from the upper part of the housing portion 15 to its lower
end where the connector opening 38 is provided.
[0041] The housing portion 15 is essentially cube-
shaped having a circular recess configured to house the
bobbin 35.
[0042] Figures 5 and 6 illustrate a first preferred em-
bodiment of the electromagnetic coil in a perspective
view and in a sectional view.
[0043] The bobbin 35 comprises a first preferably cy-
lindrical shaft portion 41defining the upper portion of the
bobbin 35 and a first preferably flange-like flux element
43 having a first slot 45 extending from the outer periph-
ery of the flux element 43 towards the center.
[0044] The bobbin 35 further comprises a second pref-
erably cylindrical shaft portion 47 and a second prefera-
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bly flange-like flux element 49 having a second slot 51.
The first slot 45 and the second slot 51 are axially aligned.
The projection of the first and second slot 45, 51 defines
a gap along the entire length of the bobbin thereby re-
ducing the eddy currents.
[0045] The first flux element 43 is formed as a flux ring
or rather a flange. The second flux element 49 is formed
in accordance to the first flux element 43. The second
flux element 49 is in particular formed as a flux ring or a
flange having the second slot 51. The second flux ele-
ment 49 is connected to the plug connector 9 enabling a
conductive coupling of the plug connector 9 and the wire
37 wrapped around the bobbin 35.
[0046] The wire 37 is wrapped around the bobbin 35
at least partly along the first and second shaft portion 41,
47 and an intermediate shaft portion 53 between the first
and second flux element 43, 49.
[0047] The first flux element 43 is arranged at a dis-
tance (in the axial direction) to the distal and of the first
shaft portion 41. Accordingly, the second flux element 49
is arranged at a distance to the distal end of the second
shaft portion 47. The first and second shaft portion 41,
47 are integrally formed. The first flux element 43 is joined
with a first shaft portion 41 by material joining and pref-
erably by welding. The second flux element 49 is accord-
ingly joined with a second shaft portion 47 by material
joining and preferably by welding. Thus, a conductive
coupling between the first and second flux element 43,
49 and the first and second shaft portion 41, 47 is pro-
vided. Preferably the first and second shaft portion are
formed of a magnetic material thereby strengthening the
electromagnetic field and optimizing the cycle times.
[0048] Figures 7 and 8 illustrate an alternative pre-
ferred embodiment of the plunger 35’ of the electromag-
netic coil 24.
[0049] In contrast to the first embodiment, the bobbin
35’ comprises a first shaft portion 41’, a second shaft
portion 47’ and an intermediate shaft portion 53’ arrange
between the first and second shaft portion 41’, 47’. The
bobbin 35’ further comprises a first flux element 43’ and
a second flux element 49’. The first shaft portion 41’ and
the first flux element 43’ are joined by material joining
and preferably welding and formed of a magnetic mate-
rial. Accordingly, the second shaft portion 47’ and the
second flux element 49’ are formed of a magnetic mate-
rial and joined by material joining and preferably by weld-
ing.
[0050] The first and second flux element 43’, 49’ each
have a slot 45’, 51’ axially aligned to each other extending
from the outer periphery of the flux element 43’, 49’ to-
wards the center.
[0051] The intermediate portion 53 is formed of a non-
magnetic material and configured to magnetically isolate
the first and second shaft portion 41’, 47’.
[0052] The first shaft portion 41’, the intermediate shaft
portion 53 and the second shaft portion 47’ are joined by
material joining and are preferably welded, such that the
bobbin 35’ is formed as an integral part. The first flux

element 43’ is disposed at a distance to the distal end of
the first shaft portion 41’. Accordingly, the second flux
element 49’ is disposed at a distance to the distal and of
the second flange portion 47’. Thereby, the first and sec-
ond flange portion 41’, 47’ define an elongated bobbin,
providing a sufficiently strong electromagnetic field ad-
vancing the movement of the plunger.
[0053] Figures 9 and 10 illustrate the electromagnetic
coil according to a third preferred embodiment.
[0054] The electromagnetic coil comprises a bobbin
35" and a wire 37".
[0055] The bobbin has a first shaft portion 31", an in-
termediate shaft portion 53’ and a second shaft portion
47". The shaft portions 41", 53’, 47" are joined by material
joining and preferably by welding.
[0056] The bobbin 35" further comprises a first flux el-
ement 43" having a first slot 55" extending in radial di-
rection and a second flux element 49" having a second
slot 51" extending in radial direction.
[0057] The first shaft portion 41" and the first flux ele-
ment 43" are formed of a magnetic material. The second
shaft portion 47" and the second flux element 59" are
accordingly formed of a magnetic material.
[0058] The intermediate shaft portion is formed of a
non-magnetic material thereby isolating the first shaft
portion 41" including the first flux element 43" from the
second shaft portion 47" having the second flux element
49". By magnetically isolating the shaft portions, when
the electromagnetic coil is de-energized for moving the
plunger from the opened position to the closed position,
the operational frequency of the dispensing apparatus is
increased.
[0059] The first flux element 43" is formed as a flux ring
disposed at the distal end of the first shaft portion 41".
The second flux element 49" is in particular formed as a
flux ring being coupled to the plug connector 9".
[0060] Figure 11 illustrates the plunger 21 in a perspec-
tive view. The plunger 21 comprises the sliding portion
26 and an internal fluid passage 27 extending in axial
direction through the center of the sliding portion 26. The
plunger 21 further comprises a valve element 29 and a
valve plate 30 axially spaced apart from the valve element
29, the valve element 29and the valve plate 30 being
coupled to the sliding portion 26 by means of a valve
stem 31.
[0061] The sliding portion 26 has a slot 57 extending
in axial direction from the outer periphery of the sliding
portion towards the internal fluid passage 27. The sliding
portion 26 further comprises a number of grooves ar-
ranged on the outer circumference. The grooves 58 are
extending in axial direction configured to improve the slid-
ing of the plunger 21 inside the housing.
[0062] The sliding portion 26 further comprises an out-
let of the internal fluid passage 27 configured to discharge
liquid to pass the valve seat in order to be dispensed by
the discharge opening 19.
[0063] The valve plate 30 has a number of recesses
61 circumferentially arranged and configured to conduct
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the liquid passing the outlet 59. The valve element 29 is
dimensioned such that the valve seat (not shown) is seal-
ingly closed by the valve element 29 in the closed position
of the plunger 21. The open position of the plunger 21
liquid adhesive can pass the recesses 61 of the valve
plate 30 in order to be dispensed by the apparatus 1
through the discharge opening 19.
[0064] Figure 12 illustrates a second preferred embod-
iment of the apparatus 1’ according to the invention. The
apparatus 1’ differs from the embodiment shown in figure
1 by a second housing 63 enclosing the inner housing 3.
The second housing 63 is thereby formed of a non-mag-
netic material providing a simplified manufacturing and
a plurality of possible designs according to the specific
requirements of the users.

Reference signs

[0065]

1, 1’ dispensing apparatus
3 housing
5 nozzle
7 valve assembly
9 plug connector
11 first (upper) housing portion
13 Inlet
15 middle (slotted) housing portion
17 third lower (nozzle) housing portion
19 discharge opening
20 sealing
21 plunger
23 spring element
24 electromagnetic coil
25 internal wall portion
26 sliding portion
27 fluid passage
29 valve element
31 valve stem
33 valve seat
35 bobbin
36 pole piece
37 wire
38 connector opening
39 housing slot
41, 41’, 41" first shaft portion
43, 43’, 43" first magnetic flux element
45, 45’, 45" first slot
47, 47’, 47" second shaft portion
49, 49’, 49" second magnetic flux element
51, 51’, 51" second slot
53, 53’ intermediate portion
57 plunger slot
59 outlet
61 recesses
63 second outer housing

Claims

1. Apparatus (1, 1’) for dispensing liquid material to a
substrate, the apparatus (1, 1’) comprising:

- a housing (3) having an inlet (13) for supplying
liquid material from a material source to the inlet
(13),
- a nozzle (5) communicating with the inlet (13)
and having a discharge opening (19) for dis-
pensing the liquid material,
- a valve assembly (7) comprising
a movable plunger (21) being formed at least
partly of a magnetic material and mounted within
the housing (3) for reciprocal movement in an
axial direction between a closed and an open
position, wherein in the open position, liquid ma-
terial is dispensed from the discharge opening
(19) and in the closed position, liquid material is
prevented from being dispensed from the dis-
charge opening (19),
an electromagnetic coil (24) having a bobbin (35,
35’, 35") formed at least partly of a magnetic
material and a wire (37) wrapped around the
bobbin (35, 35’, 35"),
wherein the electromagnetic coil (24) is config-
ured to apply an electromagnetic force on the
plunger (21) to move the plunger (21),
characterized in that the bobbin (35, 35’, 35")
comprises a shaft portion and a magnetic flux
element coaxially arranged to the shaft portion,
wherein the flux element extends beyond the
shaft portion in radial direction and has a slot
(45, 45’, 45") extending in radial direction.

2. Apparatus (1, 1’) according to claim 1,
characterized in that the shaft portion is a first shaft
portion (41, 41’, 41") and the flux element is a first
flux element (43, 43’, 43"),
the bobbin (35, 35’, 35") further comprises a second
shaft portion (47, 47’, 47") and a second magnetic
flux element (49, 49’, 49") coaxially arranged to the
second shaft portion (47, 47’, 47"),
wherein the second flux element (49, 49’, 49") ex-
tends beyond the second shaft portion (47, 47’, 47")
in radial direction and has a slot (51, 51’, 51") ex-
tending in radial direction.

3. Apparatus (1, 1’) according to claim 1,
characterized in that the slot (45, 45’, 45") of the
first flux element (43, 43’, 43") is aligned with the slot
(51, 51’, 51") of the second flux element (49, 49’,
49") in in axial direction.

4. Apparatus (1, 1’) according to claim 1,
characterized in that the first shaft portion (41, 41’,
41") is formed of a magnetic material.
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5. Apparatus (1, 1’) according to claim 1,
characterized in that the second shaft portion (47,
47’, 47") is formed of a magnetic material.

6. Apparatus (1, 1’) according to claim 1 or 2,
characterized in that bobbin (35’, 35") comprises
an intermediate portion (53, 53’) formed of a non-
magnetic material, preferably a non-magnetic stain-
less steel, and in that the intermediate portion (53,
53’) is configured to magnetically isolate the first and
second shaft portion (41’, 41", 47’, 47").

7. Apparatus (1, 1’) according to any one of the pre-
ceding claims,
characterized in that the bobbin (35, 35’, 35") is
integrally formed.

8. Apparatus (1, 1’) according to claim 7,
characterized in that the second portion, the inter-
mediate portion (53, 53’) and the first portion are
joined by material joining, preferably by welding.

9. Apparatus (1, 1’) according to any one of the pre-
ceding claims,
characterized in that the housing (3) is formed at
least partly of a magnetic material and has a slot (39)
axially aligned to the slot (45, 45’, 45") provided at
the first flux element (43, 43’, 43") and/or to the slot
(51, 51’, 51") provided at the second flux element
(49, 49’, 49").

10. Apparatus (1’) according to claim 8,
characterized in that the housing (3) is a first inner
housing (3) and the apparatus (1’) further comprises
a second outer housing (63) enclosing the inner
housing (3), and
wherein the outer housing (63) is formed of a non-
magnetic material.

11. Apparatus (1’) according to any one of the preceding
claims,
characterized in that the plunger (21) is coaxially
arranged to the bobbin (35, 35’, 35"), and wherein
the plunger (21) has a slot (57) axially aligned to the
slot provided at the first flux element (43, 43’, 43")
and/or to the slot (51, 51’, 51") provided at the second
flux element (49, 49’, 49").

12. Apparatus (1, 1’) for dispensing liquid material to a
substrate, preferably according to anyone of the pre-
ceding claims, the apparatus (1, 1’) comprising:

- a housing (3) having an inlet (13) for supplying
liquid material from a material source to the inlet
(13),
- a nozzle (5) communicating with the inlet (13)
and having a discharge opening (19) for dis-
pensing the liquid material,

- a valve assembly (7) comprising a movable
plunger (21) formed at least party of a magnetic
material and mounted for reciprocal movement
in an axial direction within the housing (3) be-
tween a closed and an open position, wherein
in the open position, liquid material is dispensed
from the discharge opening (19) and in the
closed position, liquid material is prevented from
being dispensed from the discharge opening
(19),

an electromagnetic coil (24) having a bobbin (35,
35’) formed at least party of a magnetic material, and
a wire (37) wrapped around the bobbin (35, 35’),
wherein the electromagnetic coil (24) is configured
to apply an electromagnetic force on the plunger (21)
to move the plunger (21),

characterized in that the bobbin (35, 35’) com-
prises a shaft portion and a magnetic flux ele-
ment coaxially arranged to the shaft portion,
wherein the flux element extends beyond the
shaft portion in radial direction, and
in that the shaft portion has a distal end and the
flux element is arranged at a distance to the dis-
tal end.

13. Apparatus (1, 1’) according to claim 12,
characterized in that the shaft portion is a first shaft
portion (41, 41’) and the flux element is a first flux
element (43, 43’), the bobbin (35, 35’) further com-
prises a second shaft portion (47, 47’) and a second
magnetic flux element (49, 49’) coaxially arranged
to the second shaft portion (47, 47’),

wherein the second flux element (49, 49’) ex-
tends beyond the second shaft portion (47, 47’)
in radial direction, and
In that the second shaft portion (47, 47’) has a
distal end and the second flux element (49, 49’)
is arranged at a distance to the distal end.
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