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Description

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The disclosed and claimed concept relates to a system utilizing a nozzle, which is closed by an internal needle,
structured to dispense liquids and, more specifically, to a system for calibrating the needle lift relative to the nozzle body.

Background Information

[0002] Certain fluid dispensing systems are structured to dispense a liquid that is less viscous when hot. If the liquid
is allowed to cool, the viscosity increases making it more difficult to apply the liquid in a controlled and/or consistent
manner. Such liquid dispensing systems may utilize nozzle assemblies, or "spray guns" that are closed by an internal
needle. The liquid may be a sealant or an adhesive. The remainder of this description shall use an adhesive as an
example, but it is understood that the liquid is not limited to an adhesive. Generally, an adhesive is either a solvent based
adhesive or a water based adhesive. In some aspects, the spray gun is adapted to a specific type of type of adhesive.
For example, a solvent based system will include a temperature control to maintain the temperature of the liquid. The
spray gun includes a housing that defines a chamber with a nozzle. The chamber includes a liquid inlet and may contain
a liquid outlet. The liquid flows into the chamber via the liquid inlet. The liquid may be stored, briefly, in the chamber
before application. For a water-based adhesive, the liquid is, typically, expelled exclusively via the nozzle. For a solvent
based adhesive, a portion of the liquid may be dispensed via the nozzle and any excess liquid may be recycled exits
the chamber via the outlet. The liquid may then be drained from the system, or, reheated and re-circulated. In this
configuration, the liquid in the chamber may be maintained a temperature that allows for a known, consistent flow rate.
Typically, the liquids dispensed by such spray guns must be maintained in a very limited temperature range while in the
spray gun liquid chamber.

[0003] The nozzle defines an internal passage having a generally frusto-conical shape, i.e. a frustum. The nozzle
further includes an internal seat; the seat may be part of the internal surface of the nozzle. A needle having its longitudinal
axis aligned with the axis of the nozzle passage is used to seal the passage. That is, the needle coupled to an actuator
structured to move the needle in an axial direction; i.e. longitudinally. The needle proximal end is coupled to the actuator
and the opposite end of the needle distal tip is shaped generally, or substantially, to correspond to the shape of the
nozzle seat. When the needle is in a forward, first position, the needle distal tip sealingly engages the nozzle seat. In
this configuration, the spray gun is closed. When the needle is in a retracted, second position, the needle distal tip is
fully spaced from the nozzle seat. In this configuration, the spray gun is open. The distance between the needle and the
seat is identified as the "needle lift." Further, and as described below, the needle may also be placed anywhere between
the first and second position, thereby causing the nozzle to be partially open. That is, when the needle is in the second
position, i.e. fully spaced from the nozzle internal passage, the nozzle is, essentially, unblocked and allows for the
nozzle’s maximum flow rate. Itis noted that, while in the second position, the needle may be disposed within the nozzle
internal passage, so long as the nozzle achieves its maximum intended flow rate. If the needle is somewhere between
the first and second positions, the nozzle is partially open and the liquid flows at a rate less than the maximum flow rate.
[0004] Typically, such spray guns must be opened and closed both rapidly and intermittently. That is, the nozzle is
cyclically opened a brief period of time, then closed for a brief period of time. This would allow, for example, a quantity
of sealant to be applied to an object while the spray gun is open, then for the object to be moved and replaced while the
spray gun is closed. This is useful for an automated process or assembly line wherein objects such as, but not limited
to, cans are moved through the fluid dispensing system.

[0005] Many nozzle assemblies of this design utilize a solenoid to move the needle between the first and second
positions. There are at least two problems with such solenoids. First, the solenoids are disposed relatively close to the
nozzles. This is a problem because the current that causes the rapid opening and closing of the spray gun also causes
the solenoid to heat up. Because the solenoid is close to the spray gun liquid chamber, the liquid in the chamber may
become heated. Further, changes in ambient temperatures may vary greatly. As noted above, the liquids dispensed by
such spray guns must be maintained in a very limited temperature range while in the spray gun liquid chamber. Thus,
the heat added to the liquid by the solenoid may raise the liquid above the desired temperature. Further, such solenoids
typically have only two configurations; when the solenoid is charged, the needle is placed in the second, fully open
position. When the solenoid is not charged, a spring or a similar device returns the needle to the first, closed position.
Thus, there was no means to allow for a partial flow of the liquid.

[0006] As shown in U.S. Patent 5,945,160, this later disadvantage was addressed by controlling the needle solenoid
with two stepping solenoids, an opening stepping solenoid and a closing stepping solenoid. The stepping solenoid rod
was coupled to the needle solenoid and moved the needle solenoid forward and aft in the spray gun housing. Rather
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than using a charged coil, and possibly a spring, to move a rod forward and back, a stepping solenoid uses a charge to
incrementally move a rod in one direction. That is, each incremental movement was a "step." The incremental motion
may be achieved by rotating a rod disposed in a threaded bore as opposed to moving the rod axially. That is, a stepping
solenoid may include a fixed threaded bore and the solenoid rod may have a threaded portion engaged therewith.
Actuation of the stepping solenoid coil causes the solenoid rod to rotate a portion of a revolution, /. e. the increment
noted above. This rotation causes the solenoid rod to move axially relative to the fixed threaded bore. Thus, the solenoid
rod may be moved incrementally axially. That is, a single actuation of the stepping solenoid coil causes the solenoid rod
to rotate over an arc, e.g. 5 degrees. Multiple actuations therefore cause the solenoid rod to move over multiple arcs,
in this example, arcs of 5 degrees each. Each partial rotation of the rod moves the rod axially relative to the threaded
bore. Thus, the stepping solenoid rod may be "stepped" forward. Use of a second stepping solenoid allows for movement
in the other direction, i. e. the solenoid rod may be stepped backward. As such, the position of the needle solenocid in
the spray gun housing, and therefore the position of the needle, could be adjusted.

[0007] Such stepping solenoids are useful as the needle lift may be changed during the use of the spray gun. For
example, assume a spray gun is inactive at night. When the spray gun is first used in the morning, it is cold and the
heated liquid being applied by the spray gun is not affected by the spray gun temperature. With the liquid at this tem-
perature, the needle lift should be 0.035 inch. As the day goes on, the ambient temperature increases, thereby raising
the temperature of the liquid. By noon, the stored liquid is less viscous and, to achieve the same results as in the morning,
the needle lift needs to be reduced to 0.015 inch. This type of adjustment cannot be accomplished with traditional, non-
stepping solenoids. A system having a stepping solenoid can make such an adjustment.

[0008] The stepping solenoids typically respond to an input in the form of a pulse. That is, the stepping solenoids are
energized, and therefore move one increment, in response to receiving a single pulse of energy. This energy may be
supplied directly to the solenoid coil, or may be used to open and close a circuit that energizes the solenoid coil. For
each pulse received, the solenoid moves one increment or step. Thus, to move the solenoid rod and needle a selected
distance, e.g. 0.015 inch, the stepping solenoid would have to receive thirty pulses. The actuator control system records
the number of pulses sent to each stepping solenoid thereby tracking the position of the needle.

[0009] While this type of spray gun allowed for greater control of the liquid flow rate, i. e. by allowing the needle to be
placed in multiple partially open configurations, another problem developed; the needle was not always where the
actuator control system "believed" it to be. Thatis, the actuator control system’s record of where the needle was positioned
was not always accurate. The actuator control system includes a memory and a processor, hereinafter a programmable
logic circuit (PLC), or similar device structured to execute a series of instructions. The memory includes the instructions
for the PLC, typically stored in "modules," as well as data stored in a register. Some of the stored data includes data
representing the "virtual" needle position. That is, a virtual needle position module correlates the change in needle
position with the recorded number of pulses sent to each stepping solenoid. Alternatively, the data could be compiled
in a virtual" needle position database that correlates a number of pulses with a virtual needle position, e.g.:

Number of Pulses Needle Lift in Inches
(Virtual Needle Position)

0.0005

—

0.0010

0.0015

0.0020

||l wW|N

0.0025

[0010] Thus, rather than calculating the needle position, the virtual needle position module could just record the type
(i.e. forward or backward motion) and number of pulses sent and then look up the corresponding virtual needle position.
[0011] For example, assume the virtual needle position module correlates each pulse with a needle lift of 0.0005 in.
Further assume the needle starts in the first position. If the opening stepping solenoid was sent thirty pulses and the
closing stepping solenoid 100A was sent fifteen pulses, the needle position module would record the needle as having
a needle lift of 0.0075 in. That is, a movement of 0.0005 * 30 = 0.015 in. away from the needle seat and 0.0005 * 15 =
0.0075 toward the needle seat totals a needle lift of 0.0075 in. The recorded needle position is identified as "virtual" as
the actuator control system cannot verify that the needle is actually 0.0075 in from the nozzle seat. In fact, many times
the needle does not have a needle lift matching the "virtual" needle position.

[0012] This offset between the virtual needle position and the actual needle position was caused by various factors.
For example, the manufacturing tolerances of the various spray gun components is in the range of about +/- 0.0001 to
+/-0.0005 inch. Thus, during assembly of the gun, the stacking of tolerances may create an error as to the actual position
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of the needle. Further, the initial measurement of needle lift was performed manually, which could also be in error. For
example, the operator could make an error in the actual measurement, an error in entering the manual measurement
data, or may even forget to enter the data into the control PLC. Additionally, the gun may, for many reasons, fail to
operate, e.g. advance or retract the needle, in a controlled manner. Thus, either from the initial usage or developing
over time, the virtual needle position and the actual needle position may not be the same. This is a disadvantage as
movement of the needle is based upon the data representing the virtual needle position.

[0013] Manufacturers of spray guns recommend that regular maintenance be performed on the spray gun nozzles to
recalibrate the needle lift. This operation typically requires that the spray gun be taken offline so that the actual needle
lift may be measured. This data is then incorporated into the virtual needle position database. This procedure is time
consuming, requires an expensive external calibration device, and requires cleaning the spray gun to remove the sealant.
As such, users have been known to recalibrate a spray gun by unapproved methods such as forcing the needle forward
and resetting the virtual position. That is, the users actuate the closing stepping solenoid for a period causing the needle
to move forward. After a short, but indeterminate period of time, the needle engages the seat. As the user does not know
when this occurs exactly, the user typically allows the closing stepping solenoid to continue operating. This continued
forward motion of the needle may cause damage to the needle, the nozzle seat, and the closing stepping solenoid.
Once, the user stops the closing stepping solenoid, the virtual needle position database is updated to indicate that the
current needle position is the first position.

[0014] EP2227949 A1 describes a method for operating an agricultural deployment device. The method involves
controlling a discharge of liquids by a pulse-modulated valve. The pulse-modulated valve is interconnected between a
source of liquid and a discharge opening. The suitable parameter for the pulse-modulation is determined under consid-
eration of operational or surrounding parameters, preferably discharged volume flow.

SUMMARY OF THE INVENTION

[0015] The disclosed and claimed concept provides for a system and method for calibrating needle lift in a spray gun
assembly. The system includes the actuator control system having a user input device, a processor and memory as well
as an actuator sensor structured to detect changes in the current in at least one actuator line conductor and to provide
an output signal. That is, the at least one actuator line conductor is the conductor that supplies power to the at least one
actuator. The actuator sensor is structured to detect changes in the current characteristics over time in the at least one
actuator line conductor. In the preferred embodiment, the characteristic that is measured is a change in inductance; It
is understood, however, the other current characteristics may be monitored. More specifically, the at least one actuator
has a specific response when the needle engages the nozzle seat that causes an identifiable anomaly in the current
output signal. When this identifiable anomaly is detected, the actuator control system arrests the forward motion of the
needle, i.e. disengages the at least one actuator. Further, the actuator control system updates the virtual needle position
so as to indicate that the needle’s current position is the closed first position. This operation recalibrates the actual
position of the needle with the virtual position of the needle.

[0016] Thepresentinvention provides a system for calibrating needle liftin a spray gun assembly. The presentinvention
also provides a method of calibrating needle lift in a spray gun assembly. Further aspects of the invention are set out in
the dependent claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] Afull understanding of the invention can be gained from the following description of the preferred embodiments
when read in conjunction with the accompanying drawings in which:

Figure 1 is a schematic view of a spray gun and actuator control system.
Figure 2 is a flow chart showing the steps of the method associated with use of the spray gun.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0018] As used herein, and when used in reference to communicating data or a signal, "in electronic communication”
includes both hardline and wireless forms of communication. It is further understood that "in electronic communication”
includes indirect communication of data and signals that are converted to different formats so long as the identified
components communicate. For example, if a sensor produces an analog signal that a modulator converts to a digital
format, and the digital data is communicated to a processor, the sensor and the processor are "in electronic communi-
cation."

[0019] As used herein, "coupled" means a link between two or more elements, whether direct or indirect, so long as
a link occurs.
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[0020] As used herein, "directly coupled" means that two elements are directly in contact with each other.

[0021] As used herein, "fixedly coupled" or "fixed" means that two components are coupled so as to move as one
while maintaining a constant orientation relative to each other. The fixed components may, or may not, be directly coupled.
[0022] As used herein, the word "unitary" means a component is created as a single piece or unit. Thatis, a component
that includes pieces that are created separately and then coupled together as a unitis not a "unitary" component or body.
[0023] As shown in Figure 1, a spray gun 10 includes a housing 12 defining an enclosed space 13, and an operating
mechanism 14. Preferably, the spray gun housing 12 is elongated and has a longitudinal axis 16. The spray gun housing
12 defines at least a fluid chamber 20 and preferably defines an operating mechanism chamber 68 as well. The fluid
chamber 20 and the operating mechanism chamber 68 are sealed from each other so that no fluid may pass from the
fluid chamber 20 to the operating mechanism chamber 68. The fluid chamber 20 has a fluid inlet 22 and a nozzle 26.
Further, the fluid chamber 20 may have an excess fluid outlet 24. The fluid inlet 22 and the excess fluid outlet 24 are
each coupled to, and in fluid communication with, a liquid product delivery/circulation system 18. The liquid product
delivery/circulation system 18 delivers a liquid product to the fluid chamber 20 via the fluid inlet 22. If there is a need for
recirculation of the liquid, the excess liquid product exits the fluid chamber 20 via the excess fluid outlet 24.

[0024] The nozzle 26 defines a passage 28 that is in fluid communication with the fluid chamber 20 and the space
outside of the spray gun housing 12. That is, the nozzle passage 28 terminates at an opening 30. Preferably, the nozzle
26 has a body 32 with a generally frusto-conical shape. Further, the nozzle passage 28, or the portion of the nozzle
passage 28 immediately adjacent the nozzle opening 30, also may have a frusto-conical shape. The nozzle passage
28 about the nozzle opening 30 defines a needle seat 34. The needle seat 34 is structured to be sealingly engaged with
the needle body distal end 64 as described below.

[0025] Inthis configuration, the liquid product may flow into the fluid chamber 20 via the fluid inlet 22. The liquid product,
or a portion thereof, may pass through the nozzle 26 and be applied to a work piece (not shown). Again, if there is a
need for recirculation of the liquid, the remainder of the liquid product exits the fluid chamber 20 via the excess fluid
outlet 24 and may be re-circulated.

[0026] The operating mechanism 14 has at least two electrically powered actuators 36, 40, a needle 42 and an actuator
control system 44. It is noted that actuator control system 44 and related components, such as, but not limited to ,
modules, memory, and PLCs, are all shown schematically. Further, actuator control system 44 is shown as an external
unit. That is, actuator control system 44 is shown outside of the solenoid housing 52. It is understood that actuator control
system 44 may be disposed inside or outside, or partially inside, the solenoid housing 52. It is further noted that actuator
control system 44 is shown as a single unit. As is known, however, the actuator control system 44 may be several
elements, each disposed in separate locations. For example, a system 80 for calibrating needle lift and an actuator
sensor 82, each described below and each of which are part of the actuator control system 44, are shown as being
incorporated into amplifier 50 (described below).

[0027] Each of the at least two actuators 36, 40 has a line conductor 46 (shown schematically) structured to be in
electrical communication with a power source (not shown). The at least two actuators 36, 40 include a solenoid 38 and,
preferably, a stepping solenoid assembly 100. As is known, a solenoid 38 includes a housing 52, a spring 51, and a coil
assembly 54 disposed about a solenoid rod 56. The solenoid rod 56 is a magnetic member that is movabily, i.e. slidably,
coupled to the solenoid housing 52 and extends partially therein. The solenoid spring 51 biases the solenoid rod 56 rod
to an extended, first position, i.e., the solenoid rod 56 is substantially out of the solenoid housing 52. The axis of the
solenoid rod 56 is substantially disposed on the housing longitudinal axis 16. The solenoid coil 54 is disposed within the
solenoid housing 52 and is partially disposed about, but not directly coupled to, the solenoid rod 56. Energizing the coil
54 creates a magnetic field that draws the solenoid rod 56, partially, into the housing 52; this is the withdrawn, second
position of the solenoid rod 56. The solenoid rod 56 moves between a first and second position; the distance the solenoid
rod 56 travels is the "stroke" and is a characteristic of the solenoid 38. That is, the stroke generally cannot be changed
and is a known distance. When the coil 54 is not energized, the solenoid spring 51 maintains the solenoid rod 56 in the
first position. Further, because the length of the stroke is known, the spray gun 10 may be placed in an "initial configuration."
As used herein, the "initial configuration" of the spray gun 10 is when the solenoid 38 is positioned within the spray gun
housing 12 so that the needle 42 seals against the needle seat 34 at the end of the solenoid stroke. That is, the solenoid
38 is at substantially the exact distance from the needle seat 34 as the stroke so that the needle distal end 64 (described
below) sealingly engages the needle seat 34 at the end of the solenoid stroke. It is noted that, if the solenoid 38 is too
close to the needle seat 34, the spring 51 will bias the needle distal end 64 against the needle seat prior to the end of
the stroke.

[0028] Asshown,the solenoid 38 may include an actuator member 58 disposed about the solenoid rod 56. The solenoid
actuator member 58 is made from a material that is attracted to magnetic fields. The solenoid actuator member 58 acts
as a mass capable of being influenced by a magnetic field. Thus, when the coil assembly 54 is energized, there is a
strong magnetic influence on the solenoid actuator member 58 and solenoid rod 56 that draws the solenoid rod 56 into
the solenoid housing 52. Further, the solenoid actuator member 58 extends partially into the solenoid housing 52. The
solenoid actuator member 58 has an inner end 57 within the solenoid housing 52. Between the solenoid actuator member
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inner end 57 and other elements of the solenoid 38 is a spacing device, which is typically a washer, hereinafter the
solenoid washer 55. When the solenoid 38 is energized, the solenoid actuator member 58 is drawn into the solenoid
housing 52 until the solenoid actuator member 58 engages the solenoid washer 55. That is, the solenoid actuator member
58 bottoms out against the solenoid washer 55. This engagement limits the length of travel, i.e. the stroke, of the solenoid
rod 56. That is, once the actuator member 58 bottoms out against the solenoid washer 55, the actuator member 58, and
therefore the solenoid rod 56, has moved the maximum distance into the solenoid housing 52.. Further, the solenoid
actuator member 58 may include a flange 59 structured to engage, i.e. contact, the solenoid housing 52. As discussed
in detail below, the entire solenoid 38 is movably disposed in the spray gun housing 12. Further, the solenoid housing
52 may include a threaded coupling 122, located adjacent to the stepping solenoid 100.

[0029] The needle 42 has an elongated body 60 having a proximal end 62 and a distal end 64. The needle proximal
end 62 is coupled to the solenoid rod 56. The needle distal end 64 is shaped to correspond to the shape of the needle
seat 34. Preferably, the needle distal end 64 is conical. The needle distal end 64 is disposed adjacent to the needle seat
34. It is noted that the frusto-conical shape of the nozzle 26 and the needle 42 are preferred, but not required. As is
known, the needle 42 may have a spherical member (not shown) at the distal end and the nozzle opening 30 may have
an annular seat (not shown) disposed thereabout. In this configuration, the needle 42 moves axially with the solenoid
rod 56 substantially along the housing longitudinal axis 16. The distance the needle 42 moves is equivalent to the stroke
of the solenoid rod 56.

[0030] Thus, in this configuration, the needle 42 moves between a first, closed position, wherein the solenoid rod 56
is being biased toward the nozzle 26 by the solenoid spring 51, and a second, open position, wherein the solenoid rod
56 has been drawn away from the nozzle 26 by energizing the coil assembly 54. When the needle 42 is in the first,
closed position, the needle body distal end 64 sealingly engages the nozzle seat 34. Further, as the stroke of solenoid
38 is known, the distance of needle body 60 travels is a fixed distance. Thus, but for manufacturing errors, thermal
expansion, and other factors, the "needle lift," i.e. the distance between the needle distal end 64 and the needle seat
34 when the needle body 60 is in the second position is fixed. As discussed below, however, the actual needle position
may be difficult to track.

[0031] Further, it is noted that rotation of the solenoid 38 may be prevented by various known methods such as, but
not limited to, providing a keyed shape or having an anti-rotation lug (not shown). For example, the solenoid housing
52 and the interior of the spray gun housing 12 may have a cross-sectional shape that is other than circular; in this
configuration the elements are "keyed" in that they may not rotate relative to each other. Alternatively, a lug (not shown)
may extend from the inner surface of the operating mechanism chamber 68 into the solenoid housing 52. In this con-
figuration, solenoid 38 may move axially in the spray gun housing 12, but not rotate.

[0032] A stepping solenoid assembly 100 operates in a slightly different manner. That is, a stepping solenoid assembly
100 is structured to cause a solenoid rod 106, or an actuator fixed to the solenoid rod 106, to rotate. A stepping solenoid
100 also has a housing 102, a coil assembly 104 disposed about a rotatable solenoid rod 106. It is understood that
actuator (not shown) may be fixed to the One type of stepping solenoid assembly 100 includes a coil assembly 104 and
solenoid rod 106 each having a number of radial peaks (not shown) or similar structure, disposed about their inner and
outer circumference, respectively. The inwardly extending radial elements extend to a point close to, but not in contact
with, the tips of a sprocket (not shown) fixed to the solenoid rod 106. The coil assembly 104 includes at least two, and
typically three, separate coils (not shown) of wire, each capable of being independently energized. The separate coils
are each coupled to alternate, or more typically sequential and repeating sets of, inwardly extending radial elements,
e.g. one set of radial elements are associated with each coil. In this configuration, the magnetic force created when one
coil in the stepping solenoid coil assembly 104 is energized is concentrated in the associated set of the extending radial
elements. This magnetic force causes the tips of the stepping solenoid sprocket to move toward that set of inwardly
extending radial elements. When the next coil is energized, the next set of inwardly extending radial elements become
magnetic and draws the tips of the stepping solenoid sprocket to move toward that set of inwardly extending radial
elements. By sequentially energizing the coils, the magnetic effect on the stepping solenoid sprocket causes the stepping
solenoid rod 106 to rotate.

[0033] Alternatively, the stepping solenoid rod 106 may move axially, but be coupled to a disk (not shown) having one
or more arcuate races (not shown) therein. The races are shallow at one end and deeper at the other. A bearing (not
shown), such as but not limited to a ball bearing, is disposed in the race. The disk is disposed adjacent to the stepping
solenoid housing 102. When the stepping solenoid assembly 100 is actuated, the disk is drawn toward the stepping
solenoid housing 102. This causes the bearings to move into the deeper portion of the races which in turn causes the
disk to rotate; that is, the bearings actually maintain a generally stationary position relative to travel in the stepping
solenoid housing 102, but, as the bearings are biased toward the deeper part of the arcuate races, the disk rotates
positioning a deeper part of the races over the bearings. A ratchet, or similar construct, (not shown) disposed between
the stepping solenoid rod 106 and the disk is used to prevent counter-rotation when the stepping solenoid assembly
100 is de-energized.

[0034] These types of stepping solenoid assemblies 100 are exemplary and this disclosure is not limited to any specific
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type of stepping solenoid assembly 100. Any stepping solenoid assembly 100, however, is structured to cause a stepping
solenoid rod 106 to rotate over an arc when the coil assembly 104 is energized.

[0035] Preferably, the stepping solenoid assembly 100 includes two stepping solenoids, i.e. afirst and second stepping
solenoid 100A, 100B, having a common solenoid rod 106. Preferably, the stepping solenoid rod 106 is substantially
aligned with the spray gun housing 12 longitudinal axis 16 and nozzle opening 30. The two stepping solenoids 100A,
100B may also share a housing 102. The first stepping solenoid coil assembly 104A is structured to cause the common
solenoid rod 106 to rotate in a first direction and the second stepping solenoid coil assembly 104B is structured to cause
the common solenoid rod 106 to rotate in a second direction. Thus, the stepping solenoid assembly 100 is bi-directional,
i.e. structured to rotate the stepping solenoid rod 106 in two directions. In an alternate embodiment, a single stepping
solenoid assembly 100 is a bi-directional stepping solenoid assembly 100. For example, a stepping solenoid assembly
100 may be structured so that current may be passed in two directions through the coil assembly 104 thereby causing
the stepping solenoid rod 106 rotates in a direction associated with the direction of the current.

[0036] If the stepping solenoid assembly 100 is the type wherein the stepping solenoid rod 106 only rotates, i.e. the
embodiment wherein arcuate races are not used, the stepping solenoid rod distal end 120 may be threaded , i.e. the
end of the stepping solenoid rod 106 extending out of the stepping solenoid housing 102 may be threaded. The stepping
solenoid rod threaded distal end 120 is structured to thread into the solenoid housing threaded coupling 122. As noted
above, the solenoid 38 is movably disposed in the spray gun housing 12 but also prevented from rotating. That is, the
solenoid 38 is structured to slide axially in the spray gun housing 12. In this configuration, the stepping solenoid rod 106
rotates but does not move axially and the solenoid 38 is structured to slide axially but not rotate. Thus, when stepping
solenoid rod threaded distal end 120 rotates in solenoid housing threaded coupling 122, the solenoid 38 to move axially.
[0037] If stepping solenoid assembly 100 has a disk-like actuator, /. e. a stepping solenoid assembly 100 wherein the
stepping solenoid rod 106 moves axially as well as rotates, the stepping solenoid rod distal end 120 may be pinned to
solenoid 38. That s, solenoid 38 and stepping solenoid rod distal end 120 are structured to abut each other, or otherwise
maintain a fixed spacing. The coupling between solenoid 38 and stepping solenoid rod distal end 120, however, allows
stepping solenoid rod 106 to rotate. It is again noted that solenoid 38 is structured to slide axially but not rotate. Thus,
in this configuration, actuation of the stepping solenoid assembly 100 causes solenoid 38 moves axially as stepping
solenoid rod 106 moves axially.

[0038] Thus, actuation of the stepping solenoid 100 causes the entire solenoid 38 to move forward or backward in the
operating mechanism chamber 68, thereby allowing adjustment and/or recalibration of the needle position. That is,
actuation of the first or second stepping solenoid 100A, 100B causes the stepping solenoid rod 106 to rotate in one
direction. As the stepping solenoid rod 106 is coupled to the solenoid 38, either threadably or in a fixed relationship, and
because the solenoid 38 is non-rotatably, but slidably, disposed in the spray gun housing 12, actuation of the first or
second stepping solenoid 100A, 100B causes the solenoid 38 to slide within the spray gun housing 12. Moreover, the
solenoid 38 moves over a path generally aligned with the housing axis 16. For the purpose of this application, it is
assumed that actuation of the first stepping solenoid 100A causes the solenoid 38 to move away from the nozzle 26
and actuation of the second stepping solenoid 100B causes the solenoid 38 to move toward the nozzle 26. As the needle
body 60 is coupled to the solenoid 38, adjusting the position of the solenoid 38 also adjusts the position of the needle
body 60.

[0039] Preferably, a charge is applied to the stepping solenoid coil assembly 104, in pulses. For each pulse, the
solenoid rod 56 rotates a discrete increment or "step." Thus, the stepping solenoid rod 106 moves in discrete increments
or "steps." It is noted that the axial distance that the solenoid rod 56 moves may be controlled by adjusting the pitch of
the threads in the solenoid housing threaded coupling 122 . In the preferred embodiment the solenoid rod 56 moves
axially between about .001 and .0005 inch per step and, more preferably, about 0.0005 inch per step. Further, it is noted
that the pulses may be provided to the stepping solenoid coil assembly 104 directly from the actuator control system 44
via the at least one actuator line conductor 46, meaning that the actuator control system 44 is the power source, or, the
at least one actuator line conductor 46 may be coupled to a power system (not shown) and the actuator control system
44 may control a switch (not shown) disposed between the power system and the at least one actuator line conductor
46. Preferably, there is an amplifier 50, which is part of the actuator control system 44, which is disposed between the
stepping solenoid coil assemblies 104A, 104B and other parts of the control system 4, such as the PLC 48 (discussed
below). Further, as discussed below, the amplifier 50 includes a control system having at least a memory 47.

[0040] Further, and depending upon which stepping solenoid 100A, 100B is actuated, the pulses may be said to have
an associated "direction." That is, the pulses may cause the solenoid 38, and therefore the needle body 60, to move
away from the nozzle opening 30 or toward the nozzle opening 30. As used herein, an "opening pulse" is a pulse that
actuates the opening stepping solenoid 100A Conversely, a "closing pulse" is a pulse that actuates the closing stepping
solenoid 100B causing the solenoid 38 to move toward the nozzle opening 30.

[0041] Thus, the solenoid 38 is structured to receive input commands from the actuator control system 44 and to move
the needle 42 between the first position and a selected position, or the second position, while the stepping solenoid
assembly 100 is structured to receive input commands from the actuator control system 44 and to incrementally move
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the needle 42 in response to the commands.

[0042] That is, the stepping solenoid assembly 100 moves the solenoid 38 within the spray gun housing 12 which, in
turn, moves the needle 42. Thus, the stepping solenoid assembly 100 is structured to provide fine adjustment to the
needle 42 position. The actuator control system 44 includes one or more PLCs 48 and memory 49. Hereinafter, "PLC"
shall mean one or more PLCs. The memory 49 includes random access memory (data can be recorded and read) and
read only memory (data can be read only) and may be physically embodied by any known memory device such as, but
not limited to, integrated circuits (computer chips), flash memory, magnetic memory, optical memory, or disk based
memory (CD, DVD, hard drives, etc.). The PLC 48 and memory 49 are in electronic communication with each other.
[0043] Itis noted that elements of the actuator control system 44 are shown schematically as being separate from the
spray gun housing 12 and grouped together for clarity. As is known, however, the elements of the actuator control system
44 may be disposed in, or on, the spray gun housing 12 and may not be grouped together as shown. For example,
elements of the actuator control system 44 may be positioned so as to reduce electronic noise and interference. Thus,
the claims are not limited to the schematic configuration of the actuator control system 44 as shown. For example, the
amplifier 50 is, preferably, disposed in the spray gun housing 12, and more preferably at the end of the spray gun housing
opposite the nozzle 26. This end of the spray gun housing 12 may include a communication port or coupling 45.
[0044] The operation of a PLC 48 is beyond the scope of this document, however, as is known, a PLC 48 is structured
to execute a series of instructions, to receive input, and to provide output. As used herein, the series of instructions are
contained in one or more "modules"” that are incorporated in the PLC 48 or stored in an associated memory 49. The
PLC 48 is structured to read and execute one or more modules substantially simultaneously. Further, it is understood
that the actuator control system 44 includes components, such as, but not limited to, one or more timers structured to
track or measure time, modulators/demodulators for converting digital signals to analog sighals and vice versa, generating
video signals or other output signals, etc., that enable the actuator control system 44 to accomplish any function the
actuator control system 44 is structured to perform. Again, the details of how a PLC 48 performs these functions is
beyond the scope of this document but are known in the art. Further, it is understood that the actuator control system
44 includes any conductors, connectors, etc., that are required to allow the various components to communicate with
each other. For example, the actuator control system 44 is disposed adjacent to the amplifier 50 and there is a conductor
(not shown) extending therebetween. Similarly, there are conductors (not shown) extending between the amplifier 50
and both the solenoid 38 and the stepping solenoids 100A, 100B.

[0045] The actuator control system 44, preferably, further includes a remote user interface 70, a user interface module
72, an actuator control module 74, and a needle position module 76. Typically, the user interface module 72, actuator
control module 74, and needle position module 76 (modules shown schematically) are stored in the actuator control
system memory 49 and are loaded into the PLC 48 as needed. Alternately, one or more of the modules 72, 74, 76 may
be permanently incorporated into the PLC 48. The remote user interface 70 is an interface presented in a manner that
may be used by a user. The remote user interface 70 may be presented on any known interface such as, but not limited
to, atouch screen, a monitor and keyboard, or, an analog display and manual input devices, e.g. knobs, buttons, switches,
etc., so long as the remote user interface 70 allows a user to input a desired needle lift, initiate use of the spray gun 10,
terminate use of the spray gun 10, and recalibrate the needle lift, as described below. The user interface module 72 is
structured to receive input from a user via the user interface 70 and to communicate that input to the actuator control
module 74.

[0046] The actuator control module 74 receives input from the user interface module 72 and is structured to put into
effect the user’s input. The actuator control module 74 cooperates, and communicates, with the needle position module
76 so as to move the needle 42 in accordance with the user input. Thus, for example, the user may cause the solenoid
38 to open and close in a specific pattern. Moreover, the actuator control system 44 in conjunction with the stepping
solenoids 100A, 100B may be used to make fine adjustments to the needle position or recalibrate the needle position.
This is accomplished by actuating the stepping solenoids 100A, 100B to mechanically move the solenoid 38 toward or
away from the nozzle 26, as described above. The mechanical movement of the solenoid 38, i.e. the position of the
solenoid 38, and therefore the needle body 60, is tracked by the actuator control system 44.

[0047] More specifically, the actuator control system memory 49, and/or the amplifier memory 47, in conjunction with,
or as part of, the needle position module 76, are utilized as registers to track the number and direction of the pulses sent
to the stepping solenoids 100A, 100B and/or the position of solenoid 38. It is assumed that the needle 42 always starts
operation in the first position, i.e. closed. That is, the solenoid 38 is in the first position and the needle body distal end
64 is engaging the needle seat 34. When there is a need to make a fine adjustment to the needle body 60 position, the
actuator control system 44 sends a number of pulses, or sends a command or signal to a switch that in turn sends a
number pulses, to the at least one actuator 40 causing the needle 42 to move as described above. These pulses may
be passed through the amplifier 50. Each pulse and its associated direction is recorded in the needle position module
registers 77 within the actuator control system memory 49 and the amplifier memory 47, as discussed below.

[0048] For example, during the day, ambient temperatures increase and the viscosity of the fluid may decrease. To
ensure the proper amount of liquid is applied, the needle position must be adjusted. In this example, the solenoid 38
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needs to be moved forward, i.e. toward the nozzle seat 34, thereby reducing the needle lift when the needle body 60 is
in the second position. Before this operation may be accomplished automatically, it may be done manually to determine
the amount of adjustment needed. Thus,, the solenoid 38 is energized and the needle lift is measured. In this example,
the needle lift is assumed to be too great, i.e. the needle body 60 is too far from the needle seat 34 when in the second
position, so the closing stepping solenoid 100B is actuated. This causes the solenoid 38 to be moved toward the nozzle
seat 34 as described above. The distance that the solenoid 38 needs to be moved may be determined by a manual
measurement. After such data is recorded over a period of time, the distance may be selected as the average distance
the solenoid 38 is typically moved. Thus, in this example, a user would adjust the needle position forward every day at
a certain time or once the ambient temperature reached a selected mark Further, the amount of adjustment is recorded
in the needle position module registers 77. Thus, if the needle position, i.e. the position of the solenoid 38, needed to
be reset to the original position, the user merely has to move the solenoid 38 toward the nozzle seat 34 by the same
distance, i.e. the same number of pulses but in the opposite direction.

[0049] This system may also be used to calibrate the needle position. Before discussing the calibration process, it is
noted that the physical elements of the spray gun 10 have known characteristics, such as, but not limited to, dimensions,
which do not change. Thus, if the elements of the spray gun 10 are placed in a selected configuration wherein the actual
needle position is known, then the actuator control system 44 may be calibrated to this known position. Accordingly, the
spray gun 10 has a "calibration configuration" wherein the elements identified below are placed in a specific configuration.
The "calibration configuration" is achieved by performing the following steps. First, the closing stepping solenoid 100B
is actuated. This causes the solenoid 38 to be moved toward the needle seat 34 as described above. As the solenoid
38 is moved toward the needle seat 34, the solenoid actuator member 58, and more preferably the solenoid actuator
member flange 59, engages the spray gun housing 12. When this occurs, the solenoid actuator member 58 can no
longer move. Continued actuation of the closing stepping solenoid 100B causes the solenoid 38 to continue to move
toward the needle seat 34. The motion of the solenoid 38 causes the solenoid rod 56, and eventually the solenoid
actuator member 58, to move into the solenoid housing 52. The motion of the solenoid 38 continues until the solenoid
actuator member 58 bottoms out against the solenoid washer 55. That is, solenoid 38 is moved forward until the solenoid
actuator member 58 bottoms out against the solenoid washer 55. At this point, the solenoid 38 may not be moved forward
anymore. Itis further noted that, the solenoid rod 56 is in the second position while the needle 42 still engages the nozzle
seat 34. Hereinafter, the act of the solenoid actuator member 58 bottoming out against the solenoid washer 55 shall be
identified as "the actuator member 58 seats against the solenoid 38."

[0050] This is the "calibration configuration" as the position of all the elements are known. It is noted that the "initial
configuration" and the "calibration configuration” both relate to the configuration of the solenoid 38 and a stepping solenoid
assembly, i.e. stepping solenoids 100A, 100B, and their relationship to each other. The actuator control system 44 may
be calibrated to this known position. That is, the "virtual needle position," which is the where the actuator control system
44 "believes" the needle body 60 to be may be set to correspond with the "actual needle position" that is known when
the spray gun 10 is in the "calibration configuration." Further, the difference between the calibration configuration and
the initial configuration may be determined by manual measurement. That is, the actuator control system 44 is pro-
grammed with a "virtual calibration configuration” that should correspond to the actual needle position when in the spray
gun 10 is in the calibration configuration.

[0051] Forexample, following multiple manual measurements of the configuration of the spray gun 10 in the calibration
configuration, it may be determined that the solenoid 38 is typically moved forward a distance corresponding to fifty
forward pulses of the closing stepping solenoid 100B. Thus, the "virtual calibration configuration” relative to the initial
position may be recorded as fifty forward pulses. Thus, when the spray gun 10 is in the calibration configuration, the
needle position module register 77 may be reset to be at fifty forward pulses (in this example). Alternatively, the spray
gun 10 may be returned to the initial configuration following calibration. That is, the actuator control system 44 will cause
the opening stepping solenoid 100A to be activated fifty times. At this point, i.e. after the opening stepping solenoid 100A
has activated fifty times (in this example) following calibration, spray gun 10 is in the "initial configuration" described
above. Further, when the spray gun 10 is in this configuration, the needle position module register 77 may be reset to
zero so that the virtual needle position corresponds to the actual needle position, which is the initial configuration. That
is, the needle position module register 77 may be reset when the spray gun 10 is in the calibration configuration, wherein
the position of the spray gun 10 element is known, or, the needle position module register 77 may be reset to zero
immediately following calibration with the spray gun 10 in the initial configuration. The act of resetting the needle position
module register 77 is hereinafter identified as "zeroing" the needle position module 76. Calibration is required, or is at
least desirable, when the actual needle position no longer corresponds to the virtual needle position.

[0052] The needle position module 76 is executed in the actuator control system 44 and is structured to track the
"virtual needle position." While this tracking may be made relative to any point, for the sake of this example it will be
assumed that the point of reference is a selected open position of the needle 42, i.e. when the solenoid 38 is in the
second position and the needle body distal end 64 is separated from the needle seat 34 by the distance of the solenoid
38 stroke. In this configuration, and when the solenoid 38 is not actuated, needle 42 sealingly engages the nozzle seat
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34; this is the "zero" configuration or initial configuration for the spray gun 10. Once the spray gun 10 is in the initial
configuration, the needle 42 "actual needle position" may be measured as the distance the needle 42 has moved relative
to the needle in the first position. That is, the "actual needle position" is measured when the needle body 60 is in the
second position. The "virtual needle position” reflects the same "virtual" position, but relies upon the assumption that
the movement of the stepping solenoid rod 106, and therefore the needle 42, is exact.

[0053] For the sake of this example, it is assumed that the spray gun is initially calibrated. That is, the spray gun 10
is in the initial configuration and the actual needle position corresponds to the virtual needle position. Thus, as the
solenoid rod 56 has predetermined stroke, i.e., a known amount of travel, the needle body 60 second position is known
as well. Accordingly, at the start up of the spray gun 10, the needle actual position is the first closed position and the
amount of needle lift when the needle body 60 is in the second position is known. Further, the virtual needle position is
initially recorded as being the first closed position. For this example, the needle position module registers 77 are empty,
or the stored values total zero, when the spray gun 10 is in the initial configuration. The needle position module 76 may
include a database 78 correlating the total value of pulses, i.e. the number of all forward pulses less the number of
backward pulses, to a needle position, i.e. a selected needle lift, such as set forth in the table below.

Number of Pulses Needle Lift when in the Second Position, in Inches (Virtual Needle Position)
0 0.0020 (Needle First Position)
1 0.0025
2 0.0030
3 0.0035
4 0.0040
5 0.0045

[0054] Alternatively, the needle position module 76 may be programmed with a multiplier, e.g. every backward pulse
equals an additional needle lift of 0.0005 inch. Thus, the needle position module 76 would only need to record the number
of the pulses, and their associated direction (collectively, and as used herein, "needle position data") in order to solve
for the virtual needle position. Alternately, the needle position may be tracked by an encoder or Linear Variable Differential
Transformer (LVDT).

[0055] Regardless of whether the needle position module 76 has a database or calculates the position each time, the
needle position module 76 tracks the number of pulses sent to the at least one actuator 40 as well as the direction which
the needle 42 is moved. For example, if there are two stepping solenoids 100A, 100B, the needle position module 76
tracks the number of pulses sent to each stepping solenoids 100A, 100B. Based on this information, the needle position
module 76 may calculate, or look up, the virtual needle position. Other modules may request this data.

[0056] The needle position module 76 records the needle position data in a needle position module register 77 and
this information may also be recorded in an amplifier register 79. The needle position module register 77 may record
all, or a portion of, the needle position data sent by the actuator control module 74 to the stepping solenoids 100A, 100B.
The portion of data recorded may be only the current position of the needle 42. Regardless of how much data is recorded,
or the type of data recorded, the needle position data always includes data indicating the current virtual position of the
needle 42. For example, and again assuming the needle 42 starts in the first position, the needle position module register
77 may record the needle position data for the last four instructions sent to the stepping solenoids 100A, 100B, e.g.
seven forward pulses, five backward pulses, three forward pulses and five more backward pulses. The needle position
module 76 may determine the current virtual needle position by summing the number of pulses and multiplying the sum
by a multiplier, as noted above. In this example, the sum is zero, so the needle position module 76 would determine that
the needle is in the position in which it started, i.e. the virtual first position. This position should correspond with the
needle body distal end 64 having a lift corresponding to the solenoid 38 selected stroke when the needle body 60 is in
the second position. However, due to various factors identified above, this may not be true.

[0057] As a specific example, assume that the stepping solenoids 100A, 100B have each been actuated a number of
times so that the position of the needle body 60 in the second position no longer corresponds to the initial position. The
needle position module register 77 has recorded the needle position data. Further assume the spray gun 10 operation
was interrupted by a power outage and the needle position module register 77 is reset. Thus, following the interruption,
the actual needle position no longer corresponds to the virtual needle position. That is, as described, the stepping
solenoids 100A, 100B have each been actuated a number of times so that the position of the needle body 60 in the
second position no longer corresponds to the initial position, but, the needle position module register 77 is blank, meaning
that the data available to the actuator control system 44 indicates that the needle body 60 is in the initial position. That
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is, the actuator control system 44 "believes" that the needle body 60 is in the initial position. When this occurs, the spray
gun 10 needs to be recalibrated.

[0058] To do this, the spray gun 10 is placed in the calibration configuration described above. That is, closing stepping
solenoid 100B is actuated until the actuator member 58 seats against the solenoid 38. The virtual needle position is then
reset as the virtual calibration configuration to reflect the actual configuration, or, the spray gun 10 may be placed in the
initial configuration and the needle position module 76 zeroed, as described above.

[0059] Inthe example above, the spray gun 10 was placed in the initial configuration and the needle position module
register 77 was zeroed, thereby bringing the actual needle position and the virtual needle position into accord. This
process may be accomplished by the spray gun 10 automatically as described hereinafter. The actuator control system
44 may further include a system 80 for calibrating needle lift. The needle lift calibration system 80 includes an actuator
sensor 82, a calibration module 84, and the needle position module 76 described above. The actuator sensor 82 is
structured to detect changes in characteristics of the characteristics of the current in the at least one actuator line
conductor 46 and to provide an output signal. In the preferred embodiment, the current characteristics that is monitored
is the inductive reactance of the coil as measured by changes in the current, such as changes in current and voltage,
butany appropriate characteristic may be monitored. The detected change is an "identifiable anomaly" in the characteristic
being measured.

[0060] That is, the current to the at least one actuator 40 has a number of characteristics such as inductance. The
current characteristics have predictable changes. For example, when the at least one actuator 40 is being used to
advance the needle 42, the inductance of the current may be measured and, if displayed, may be seen as an identifiable
and known wave. Further, the current characteristics may also reflect random changes, generally identified as "noise."
The noise may be detected and, if displayed, may be seen as anomalies in a regular pattern. There are, however,
"identifiable anomalies” that are produced as a result of a specific action.

[0061] For example, if the closing stepping solenoid 100B is advancing , i.e. moving the solenoid 38 forward and the
actuator member 58 seats against the solenoid 38, as described above, there is a mechanical feedback from the closing
stepping solenoid 100B. This feedback to the closing stepping solenoid 100B produces an anomaly in the characteristics
of the current and voltage in the at least one actuator line conductor 46. Moreover, this anomaly, or a substantially similar
anomaly, occurs each time the actuator member 58 seats against the solenoid 38 while the closing stepping solenoid
100B is advancing. This specific anomaly only occurs when the spray gun 10 is in the calibration configuration. As such,
this anomaly is an "identifiable anomaly” that is different from the normal characteristics of the current in the at least one
actuator line conductor 46 as well as different from the characteristics of random noise. Accordingly, as used herein, an
"identifiable anomaly" is an anomaly in the current and voltage in the at least one actuator line conductor 46 that has
been associated with a known physical condition, configuration, or state of a stepping solenoids 100A, 100B. More
specifically, a "solenoid seating anomaly" is an anomaly current in the at least one actuator line conductor 46 that has
been determined to occur when the actuator member 58 seats against the solenoid 38. Generally, an anomaly becomes
associated with a condition based on experimentation and verifying that a specific, distinct anomaly occurs each time
the stepping solenoids 100A, 100B are placed in a specific physical condition, configuration, or state. Preferably, the
identifiable anomaly associated with the actuator member 58 seating against the solenoid 38 is a change in inductance
identified by changes in current and voltage.

[0062] It is noted that the current characteristics have been identified as being measurable and displayed in the form
of a wave. While a monitor (not shown) may be provided and the wave displayed, this is not required. That is, as is
known, the actuator control system 44 may be structured to detect the wave and any anomalies without actually creating
a visual image of the wave and/or anomaly.

[0063] The calibration module 84 is a set of instructions structured to be executed by the actuator control system 44
and, more specifically by actuator control system PLC 48. As with the description of the PLC 48, it is beyond the scope
of this document to describe in detail how a module interacts with the PLC 48, however, as is known, the module 84 is
executed with the PLC 48 and may be described as performing, or as being structured to perform, selected operations
and functions. Thus, as described above, the needle position module 76 is structured to track the "virtual" position of
the needle 42. The calibration module 84 is, preferably, executed infrequently. For example, the calibration module 84
may be executed based on a period of time, e.g. every two weeks, or, after a certain number of operations, e.g. every
2 million actuations of the stepping solenocids 100A, 100B. The calibration module 84 is structured to reset the virtual
needle position, i. e. zero the needle position module 76, to reflect the actual needle position. Preferably, the calibration
module 84 clears all data in the needle position module register 77. Alternately, the calibration module 84 may update
the last entry in the needle position module register 77 so as to indicate the spray gun as being in the initial configuration.
That is, when operation of the spray gun 10 is initiated, the spray gun is in the initial configuration. As the stepping
solenoids 100A, 100B are utilized, the needle position module 76 records the virtual needle position data, as described
above. Over time, the virtual needle position no longer corresponds to the actual needle position and the needle position
must be calibrated. This is accomplished by executing the calibration module 84 which first places the solenoid 38 in
the calibration configuration.
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[0064] During this operation, the calibration module 84 monitors the at least one actuator line conductor 46 for an
identifiable anomaly indicating that the actuator member 58 has seated against the solenoid 38. When the identifiable
anomaly is detected, the forward motion of the closing stepping solenoid 100B is arrested and the calibration module
84 returns the spray gun 10 to the initial configuration, as described above, and zeros the needle position module 76 so
that the needle position module 76 identifies the current spray gun configuration as the initial configuration. At this point,
the needle 42 position is calibrated and the spray gun 10 may be returned to normal operations. It is noted that, unlike
prior manual calibration methods, this may be accomplished while the fluid chamber 20 is filled with liquid product. That
is, the calibration module 84 is operable when the fluid chamber 20 is filled with fluid.

[0065] The atleast two actuators, 36, 40 and the actuator control system 44 are, preferably, substantially disposed in
the operating mechanism chamber 68. That is, portions of the at least one actuator 40 and the actuator control system
44 may extend beyond the operating mechanism chamber 68. For example, the solenoid rod 56 and/or the needle 42
extends from the operating mechanism chamber 68 into the fluid chamber 20. The bulk of the at least one actuator 40
and the actuator control system 44 are, however, disposed in the operating mechanism chamber 68. Further, the actuator
sensor 82 is disposed entirely within the operating mechanism chamber 68, and is preferably part of amplifier 50. In this
configuration, the spray gun 10 is not coupled to an external control system. It is noted that the actuator control system
44 and the actuator sensor 82 are disposed close to the stepping solenoid assembly 100 so as to reduce the "noise" in
the conductors that may interfere with detecting an identifiable anomaly.

[0066] Accordingly, and using the components described above, a method of calibrating needle lift in a spray gun 10
includes the following steps: placing 200 the spray gun 10 in a calibration configuration, monitoring 202 the current in
the stepping solenoid assembly 100 having a line conductor 46, detecting 204 an identifiable anomaly in the current’s
characteristics, placing 205 the spray gun 10 in an initial configuration, and zeroing 206 the needle position module 76.
[0067] As noted above, the needle position module 76 is structured to record a number of pulses sent to the stepping
solenoid assembly 100. Thus, the step of zeroing 206 the needle position module 76 so as to record the spray gun 10
configuration as the initial configuration may include the step of changing 212 the total value of recorded pulses to zero.
This change may be accomplished by adding a number of pulses, with an associated direction, to the recorded needle
position data so that the sum of the needle position data equals zero. Alternatively, the step of zeroing 206 the needle
position module 76 so as to record the spray gun 10 configuration as the initial configuration may include the step of
clearing 214 the needle position module register 77, wherein "clearing" means deleting all entries in the needle position
module register 77. Further, as noted above, the four steps of the calibration 200, 202, 204, and 206, may occur when
the fluid chamber 20 is filled with a liquid.

[0068] While specific embodiments of the invention have been described in detalil, it will be appreciated by those skilled
in the art that various modifications and alternatives to those details could be developed in light of the overall teachings
of the disclosure. Accordingly, the particular arrangements disclosed are meant to be illustrative only and not limiting as
to the scope of invention which is to be given the full breadth of the claims appended.

Claims

1. A system (80) for calibrating needle lift in a spray gun assembly (10), said spray gun assembly (10) having a housing
(12) and an operating mechanism (14),
said housing (12) defining at least a fluid chamber (20), said fluid chamber (20) having a fluid inlet (22) and a nozzle
(26), said fluid chamber (20) coupled to, and in fluid communication with, a fluid supply via said fluid inlet (22), said
nozzle (26) having an opening (30) and a needle seat (34) disposed about the inner surface of said nozzle opening
(30),
said operating mechanism (14) having at least two electrically powered actuators (36, 40), a needle (42) and an
actuator control system (44),

said needle (42) having a proximal end (62) and a distal end (64), said needle proximal end (62) coupled to
said solenoid (38), said needle distal end (64) shaped to sealingly engage said needle seat (34), said needle
distal end (64) disposed in said fluid chamber (20),

said at least two actuators (36, 40) including a solenoid (38) and a stepping solenoid assembly (100),

said solenoid (38) structured to move said needle (42) between a first position, wherein said needle distal
end (64) sealingly engages said needle seat (34), and a second position wherein said needle distal end
(64) is spaced from said needle seat (34), said solenoid (38) having movable actuator member,

said stepping solenoid assembly (104) coupled to said solenoid (38) with said solenoid spring (51) disposed
therebetween, said stepping solenoid assembly (100) having a line conductor (46) structured to be in
electrical communication with a power source, said stepping solenoid assembly (100) structured to receive
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input commands from said actuator control system (44) and to incrementally move solenoid 38 within said
housing 12 in response to said commands,

said actuator control system (44) structured to control said solenoid assembly (100) and said solenoid (38) so
as to move said needle (42) between said first position and said second position and said stepping solenoid
assembly (100) to provide fine adjustment to said needle position, said at least two actuators (36) having an
initial configuration and a calibration configuration,

said system (80) for calibrating needle lift characterized by comprising:

an actuator sensor (82) structured to detect changes in the current in said stepping solenoid assembly line
conductor (46) and to provide an output signal;

a calibration module (84) being executed in said actuator control system (44), said calibration module (84)
structured to receive said actuator sensor (82) output signal,

a needle position module (76) being executed in said actuator control system (44), said needle position module
(76) structured to track the virtual position of said needle (42); and

said calibration module (84) further structured to detect an identifiable anomaly in said sensor output signal,
said anomaly indicative of said actuator member seating against said solenoid (38) and, in response to detecting
said identifiable anomaly, recording needle virtual position data indicating that the current position of said needle
(42) corresponds to the spray gun calibration configuration.

The system (80) for calibrating needle lift in a spray gun assembly (10) of Claim 1 wherein:
said identifiable anomaly is a change in a current characteristic.

The system (80) for calibrating needle lift in a spray gun assembly (10) of Claim 1 wherein said identifiable anomaly
is a change in the inductive reactance of the coil as measured by changes in the current.

The system (80) for calibrating needle lift in a spray gun assembly (10) of Claim 1 wherein said calibration module
(84) is operable when said fluid chamber (20) is filled with fluid.

A spray gun assembly (10) comprising:

a housing (12) defining at least a fluid chamber (20);

said fluid chamber (20) having a fluid inlet (22), an excess fluid outlet (24) and a nozzle (26), said fluid chamber
(20) structured to be coupled to, and in fluid communication with, a fluid supply via said fluid inlet (22);

said nozzle (26) having an opening (30) and a needle seat (34)disposed about the inner surface of said nozzle
opening (30);

an operating mechanism (14) having at least two electrically powered actuators (36, 40), a needle (42) and an
actuator control system (44);

said at least two actuators (36, 40) including a solenoid (38) and a stepping solenoid assembly (100);

said solenoid having a movable actuator member coupled to said needle (42) and being structured to move
said needle (42) between a first position, wherein said needle distal end (64) sealingly engages said needle
seat (34), and a selected position wherein said needle distal end (64) is spaced from said needle seat (34);
said actuator control system (44) structured to control said at least two actuators (36, 40) so as to move said
needle (42) between said first position and a selected position;

said stepping solenoid assembly (100) having a line conductor (46) structured to be in electrical communication
with a power source, said stepping solenoid assembly (100) structured to receive input commands from said
actuator control system (44) and to incrementally move said needle (42) in response to said commands;

said needle (42) having a proximal end (62) and a distal end (64), said needle proximal end (62) coupled to
said solenoid (38), said needle distal end (64) shaped to sealingly engage said needle seat (34), said needle
distal end (64) disposed in said fluid chamber (20);

said stepping solenoid assembly (100) coupled to said solenoid (38) via said solenoid spring (51), and structured
to move, said solenoid (38) within said spray gun housing (12);

said solenoid (38) and stepping solenoid assembly (104) having an initial configuration and a calibration con-
figuration;

said assembly further comprising a system for calibrating needle lift according to any preceding claim.
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6. The spray gun assembly (10) of Claim 5 wherein:
said identifiable anomaly is a change in a current characteristic.

7. The spray gun assembly (10) of Claim 6 wherein said identifiable anomaly is a change in the inductive reactance
of the coil as measured by changes in the current.

8. A method of calibrating needle lift in a spray gun assembly (10), said spray gun assembly (10) having a housing
(12), an operating mechanism (14) and a system (80) for calibrating needle lift,
said housing (12) defining at least a fluid chamber (20), said fluid chamber (20) having a fluid inlet (22) and a nozzle
(26), said fluid chamber (20) coupled to, and in fluid communication with, a fluid supply via said fluid inlet, said nozzle
having an opening (30) and a needle seat (34) disposed about the inner surface of said nozzle opening (30), said
operating mechanism (14) having at least two electrically powered actuators (36, 40), a needle (42) and an actuator
control system,

said needle having a proximal end and a distal end, said needle proximal end coupled to said solenoid, said
needle distal end shaped to sealingly engage said needle seat, said needle distal end disposed in said fluid
chamber,

said at least two actuators including a solenoid and a stepping solenoid assembly,

said solenoid structured to move said needle between a first position, wherein said needle distal end
sealingly engages said needle seat, and a second position wherein said needle distal end is spaced from
said needle seat, said solenoid having a movable actuator member,

said stepping solenoid assembly coupled to said solenoid with said solenoid spring disposed therebetween,
said stepping solenoid assembly having a line conductor structured to be in electrical communication with
a power source, said stepping solenoid assembly structured to receive input commands from said actuator
control system and to incrementally move solenoid within said housing in response to said commands,

said actuator control system structured to control said solenoid assembly and said solenoid so as to move said
needle between said first position and said second position and said stepping solenoid assembly to provide
fine adjustment to said needle position, said at least two actuators having an initial configuration and a calibration
configuration,

said system (80) for calibrating needle lift characterized buy including:
an actuator sensor (82), a calibration module (84), and a needle position module (76),

said actuator sensor (82) structured to detect changes in the current in said stepping solenoid assembly
line conductor (46) and to provide an output signal,

said calibration module (84) being executed in said actuator control system (44), said calibration module
(84) structured to receive said actuator sensor (82) output signal,

said needle position module (76) being executed in said actuator control system (44), said needle position
module (76) structured to track the virtual position of said needle (42), and

said calibration module (84) further structured to detect an identifiable anomaly in said sensor output signal,
said identifiable anomaly indicative of said actuator member seating against said solenoid and, in response
to detecting said identifiable anomaly, recording needle virtual position data indicating that the current
position of said needle (42) corresponds to the spray gun calibration configuration, said method for calibrating
needle lift comprising:

placing (200) the spray gun 10 in said calibration configuration ;

monitoring (202) the current in said stepping solenoid assembly line conductor (46);

detecting (204) an identifiable anomaly in said current’s characteristics; placing (205) the spray gun
(10) in said initial configuration; and

zeroing (206) said needle position module (76) so as to record the current needle position as said
needle (42) first position.

9. The method of Claim 8 wherein said identifiable anomaly is said identifiable anomaly is a change in a current
characteristic.
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The method of Claim 8 wherein said identifiable anomaly is a change in the inductive reactance of the coil as
measured by changes in the current.

The method of Claim 8 wherein said identifiable anomaly is a needle (42) solenoid seating anomaly.

The method of Claim 8 wherein, said needle position module (76) is structured to record a number of pulses sent
to said at least one actuator (36, 40) and wherein said step of zeroing (206) said needle position module (76) so as
to record the current needle position as said needle first position includes the step of changing (212) the total value
of recorded pulses to zero.

The method of Claim 8 wherein said needle position module (76) includes a needle position module register (77)
structured to record data indicative of the virtual needle position, and wherein said step of zeroing (206) said needle
position module (76) so as to record the current needle position as said needle (42) first position includes the step
of clearing (214) the needle position module register (77).

The method of Claim 8 wherein said steps of placing (200) the spray gun (10) in said calibration configuration,
monitoring (202) the current in said at least one actuator (36, 40) having a line conductor (44), detecting (204) an
identifiable anomaly in said current, and zeroing (206) said needle position module (76) occur when said fluid
chamber (20) is filled with a liquid.

Patentanspriiche

1.

System (80) zum Kalibrieren des Nadelhubs in einer Sprihpistolenanordnung (10), wobei die Sprihpistolenanord-
nung (10) ein Gehaduse (12) und einen Betriebsmechanismus (14) aufweist, wobei

das Gehause (12) mindestens eine Fluidkammer (20) aufweist, wobei die Fluidkammer (20) einen Fluideinlass (22)
und eine Diise (26) aufweist, wobei die Fluidkammer Uiber den Fluideinlass (22) mit einer Fluidversorgung gekoppelt
und fluidisch verbunden ist, wobei die Dise (26) eine Offnung (30) und einen Nadelsitz (34) aufweist, der um die
Innenflache der Disendffnung (30) herum angeordnet ist, wobei

der Betriebsmechanismus (14) mindestens zwei elektrisch angetriebene Betatigungselemente (36, 40), eine Nadel
(42) und ein Betatigungselementsteuersystem (44) aufweist, wobei

die Nadel (42) ein proximales Ende (62) und ein distales Ende (64) aufweist, wobei das proximale Nadelende (62)
mit einem Solenoid (38) gekoppelt ist, wobei das distale Nadelende (64) derart geformt ist, dass es dichtend mit
dem Nadelsitz (34) in Eingriff gelangt, wobeidas distale Nadelende (64) inder Fluidkammer (20) angeordnetist, wobei
die mindestens zwei Betatigungselemente (36, 40) ein Solenoid (38) und eine Schrittsolenoidanordnung (100)
umfassen, wobei

das Solenoid (38) strukturiert ist, um die Nadel (42) zwischen einer ersten Position, in der das distale Nadelende
(64) dichtend mit dem Nadelsitz (34) in Eingriff gelangt, und einer zweiten Position, in der das distale Nadelende
(64) von dem Nadelsitz (34) beabstandet ist, zu bewegen, wobei das Solenoid (38) ein bewegbares Betatigungse-
lementteil aufweist, wobei

die Schrittsolenoidanordnung (104) mit dem Solenoid (38) gekoppelt ist, wobei dazwischen eine Solenoidfeder (51)
angeordnet ist, wobei die Schrittsolenoidanordnung (100) einen Leitungsleiter (46) aufweist, der strukturiert ist, um
elektrisch mit einer Leistungsquelle verbunden zu sein, wobei die Schrittsolenoidanordnung (100) strukturiert ist,
um Eingangsbefehle von dem Betatigungselementsteuersystem (44) zu empfangen und das Solenoid (38) als
Reaktion auf die Befehle innerhalb des Gehauses (12) inkrementell zu bewegen, wobei

das Betatigungselementsteuersystem (44) strukturiert ist, um die Solenoidanordnung (100) und das Solenoid (38)
zu steuern, um die Nadel (42) zwischen der ersten und der zweiten Position zu bewegen, und die Schrittsolenoida-
nordnung (100) zu steuern, um eine Feineinstellung fir die Nadelposition bereitzustellen, wobei die mindestens
zwei Betatigungselemente (36) eine Ausgangskonfiguration und eine Kalibrierungskonfiguration aufweisen, wobei
das System (80) zum Kalibrieren des Nadelhubs dadurch gekennzeichnet ist, dass es Folgendes umfasst:

einen Betitigungselementsensor (82), der strukturiert ist, um Anderungen des Stroms im Schrittsolenoidanord-
nungsleitungsleiter (46) zu detektieren und ein Ausgangssignal bereitzustellen;

ein Kalibrierungsmodul (84), das in dem Betéatigungselementsteuersystem (44) ausgefiihrt wird, wobei das
Kalibrierungsmodul (84) strukturiert ist, um das Ausgangssignal des Betatigungselementsensors (82) zu emp-
fangen;

ein Nadelpositionsmodul (76), das im Betatigungselementsteuersystem (44) ausgefiihrt wird, wobei das Na-
delpositionsmodul (76) strukturiert ist, um die virtuelle Position der Nadel (42) zu verfolgen; und wobei
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das Kalibrierungsmodul (84) ferner strukturiert ist, um eine identifizierbare Anomalie im Sensorausgangssignal
zu detektieren, wobei die Anomalie anzeigt, dass das Betatigungselement auf dem Solenoid (38) aufsitzt, und
um als Reaktion auf das Detektieren der identifizierbaren Anomalie virtuelle Nadelpositionsdaten aufzuzeichnen,
die anzeigen, dass die aktuelle Position der Nadel (42) mit der Kalibrierungskonfiguration der Sprihpistole
Ubereinstimmt.

System (80) zum Kalibrieren des Nadelhubs in einer Sprihpistolenanordnung (10) nach Anspruch 1, wobei die
identifizierbare Anomalie eine Anderung einer Stromeigenschaft ist.

System (80) zum Kalibrieren des Nadelhubs in einer Sprihpistolenanordnung (10) nach Anspruch 1, wobei die
identifizierbare Anomalie eine Anderung des induktiven Widerstands der Spule entsprechend gemessenen Ande-
rungen des Stroms ist.

System (80) zum Kalibrieren des Nadelhubs in einer Spriihpistolenanordnung (10) nach Anspruch 1, wobei das
Kalibrierungsmodul (84) betriebsfahig ist, wenn die Fluidkammer (20) mit Fluid gefillt ist.

Sprihpistolenanordnung, umfassend:

ein Gehause (12), das mindestens eine Fluidkammer (20) definiert;

wobei die Fluidkammer (20) einen Fluideinlass (22), einen Uberschussfluidauslass (24) und eine Diise (26)
aufweist, wobei die Fluidkammer (20) strukturiert ist, um Uber den Fluideinlass (22) mit einer Fluidversorgung
gekoppelt und fluidisch verbunden zu sein; wobei

die Diise (26) eine Offnung (30) und einen Nadelsitz (34) aufweist, der um die Innenflache der Diisendffnung
(30) herum angeordnet ist; wobei

ein Betriebsmechanismus (14) mindestens zwei elektrisch angetriebene Betatigungselementen (36, 40), eine
Nadel (42) und ein Betatigungselementsteuersystem (44) aufweist; wobei

die mindestens zwei Betatigungselemente (36, 40) ein Solenoid (38) und eine Schrittsolenoidanordnung (100)
umfassen; wobei

das Solenoid ein bewegbares Betatigungselementteil aufweist, das mit der Nadel (42) gekoppelt und strukturiert
ist, um die Nadel (42) zwischen einer ersten Position, in der das distale Nadelende (64) dichtend mit dem
Nadelsitz (34) in Eingriff gelangt, und einer zweiten Position, in der das distale Nadelende (64) von dem Nadelsitz
(34) beabstandet ist, zu bewegen; wobei

das Betatigungselementsteuersystem (44) strukturiert ist, um die mindestens zwei Betatigungselemente (36,
40) zu steuern, um die Nadel (42) zwischen der ersten Position und einer ausgewahlten Position zu bewegen,;
wobei

die Schrittsolenoidanordnung (100) einen Leitungsleiter (46) aufweist, der strukturiert ist, um elektrisch mit einer
Leistungsquelle verbunden zu sein, wobei die Schrittsolenoidanordnung (100) strukturiert ist, um Eingangsbe-
fehle vom Betatigungselementsteuersystem (44) zu empfangen und die Nadel (42) als Reaktion auf die Befehle
inkrementell zu bewegen; wobei

die Nadel (42) ein proximales Ende (62) und ein distales Ende (64) aufweist, wobei das proximale Nadelende
(62) mit dem Solenoid (38) gekoppelt ist, wobei das distale Nadelende (64) derart geformt ist, dass es dichtend
mit dem Nadelsitz (34) in Eingriff gelangt, wobei das distale Nadelende (64) in der Fluidkammer (20) angeordnet
ist; wobei

die Schrittsolenoidanordnung (100) Uber die Solenoidfeder (51) mit dem Solenoid (38) gekoppelt und strukturiert
ist, um das Solenoid (38) innerhalb des Spriithpistolengehauses (12) zu bewegen; wobei

das Solenoid (38) und die Schrittsolenoidanordnung (104) eine Ausgangskonfiguration und eine Kalibrierungs-
konfiguration aufweisen; wobei

die Anordnung ferner ein System zum Kalibrieren des Nadelhubs nach einem der vorhergehenden Anspriiche
umfasst.

Spriihpistolenanordnung (10) nach Anspruch 5, wobei die identifizierbare Anomalie eine Anderung einer Stromei-
genschaft ist.

Spriihpistolenanordnung (10) nach Anspruch 6, wobei die identifizierbare Anomalie eine Anderung des induktiven
Widerstandes der Spule entsprechend gemessenen Anderungen des Stroms ist.

Verfahren zum Kalibrieren des Nadelhubs in einer Spriihpistolenanordnung (10), wobeidie Sprihpistolenanordnung
(10) ein Gehause (12), einen Betriebsmechanismus (14) und ein System (80) zum Kalibrieren des Nadelhubs
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aufweist, wobei

das Gehause (12) mindestens eine Fluidkammer (20) definiert, die einen Fluideinlass (22) und eine Dise (26)
aufweist, wobei die Fluidkammer (20) Uber den Fluideinlass mit einer Fluidversorgung gekoppelt und fluidisch
verbunden ist, wobei die Dise (26) eine Offnung (30) und einen Nadelsitz (34) aufweist, der um die Innenflache
der Disendffnung (30) herum angeordnet ist, wobei der Betriebsmechanismus (14) mindestens zwei elektrisch
angetriebene Betatigungselemente (36, 40), eine Nadel (42) und ein Betatigungselementsteuersystem aufweist,
wobei die Nadel ein proximales Ende und ein distales Ende aufweist, wobei das proximale Nadelende mit einem
Solenoid gekoppeltist, wobei das distale Nadelende derart geformt ist, dass es dichtend mitdem Nadelsitz in Eingriff
gelangt, wobei das distale Nadelende in der Fluidkammer angeordnet ist, wobei

die mindestens zwei Betétigungselemente ein Solenoid und eine Schrittsolenoidanordnung umfassen, wobei das
Solenoid strukturiert ist, um die Nadel zwischen einer ersten Position, in der das distale Nadelende dichtend mit
dem Nadelsitz in Eingriff gelangt, und einer zweiten Position, in der das distale Nadelende von dem Nadelsitz
beabstandetist, zu bewegen, wobeidas Solenoid ein bewegbares Betatigungselementteil aufweist, wobeidie Schritt-
solenoidanordnung mit dem Solenoid gekoppelt ist, wobei dazwischen eine Solenoidfeder angeordnet ist, wobei
die Schrittsolenoidanordnung einen Leitungsleiter aufweist, der strukturiert ist, um elektrisch mit einer Leistungs-
quelle verbunden zu sein, wobei die Schrittsolenoidanordnung strukturiert ist, um Eingangsbefehle von dem Beta-
tigungselementsteuersystem zu empfangen und das Solenoid als Reaktion auf die Befehle innerhalb des Gehauses
inkrementell zu bewegen, wobei

das Betatigungselementsteuersystem strukturiert ist, um die Solenoidanordnung und das Solenoid zu steuern, um
die Nadel zwischen der ersten und der zweiten Position zu bewegen, und die Schrittsolenoidanordnung zu steuern,
um eine Feineinstellung fur die Nadelposition bereitzustellen, wobei die mindestens zwei Betatigungselemente eine
Ausgangskonfiguration und eine Kalibrierungskonfiguration aufweisen, wobei

das System (80) zum Kalibrieren des Nadelhubs dadurch gekennzeichnet ist, dass es Folgendes umfasst:

einen Betéatigungselementsensor (82), ein Kalibrierungsmodul (84) und ein Nadelpositionsmodul (76), wobei
der Betatigungselementsensor (82) strukturiert ist, um Anderungen des Stroms im Schrittsolenoidanordnungs-
leitungsleiter (46) zu detektieren und ein Ausgangssignal bereitzustellen, wobei

das Kalibrierungsmodul (84) in dem Betétigungselementsteuersystem (44) ausgefiihrt wird, wobei das Kalib-
rierungsmodul (84) strukturiertist, um das Ausgangssignal des Betatigungselementsensors (82) zu empfangen,
wobei

das Nadelpositionsmodul (76) im Betatigungselementsteuersystem (44) ausgefiihrt wird, wobei das Nadelpo-
sitionsmodul (76) strukturiert ist, um die virtuelle Position der Nadel (42) zu verfolgen, und wobei

das Kalibrierungsmodul (84) ferner strukturiert ist, um eine identifizierbare Anomalie im Sensorausgangssignal
zu detektieren, wobei die Anomalie anzeigt, dass das Betatigungselement auf dem Solenoid aufsitzt, und um
als Reaktion auf das Detektieren der identifizierbaren Anomalie virtuelle Nadelpositionsdaten aufzuzeichnen,
die anzeigen, dass die aktuelle Position der Nadel (42) mit der Kalibrierungskonfiguration der Sprihpistole
Ubereinstimmt, wobei das Verfahren zum Kalibrieren des Nadelhubs Folgendes umfasst:

Anordnen (200) der Sprihpistole (10) in der Kalibrierungskonfiguration;

Uberwachen (202) des Stroms im Schrittsolenoidanordnungsleitungsleiter (46);

Detektieren (204) einer identifizierbaren Anomalie in den Stromeigenschaften;

Anordnen (205) der Sprihpistole (10) in der Ausgangskonfiguration; und

Nullstellen (206) des Nadelpositionsmoduls (76), um die aktuelle Nadelposition als erste Position der Nadel
(42) aufzuzeichnen.

Verfahren nach Anspruch 8, wobei die identifizierbare Anomalie eine Anderung einer Stromeigenschaft ist.

Verfahren nach Anspruch 8, wobei die identifizierbare Anomalie eine Anderung des induktiven Widerstands der
Spule entsprechend gemessenen Anderungen des Stroms ist.

Verfahren nach Anspruch 8, wobei die identifizierbare Anomalie eine Solenoidsitzanomalie einer Nadel (42) ist.

Verfahren nach Anspruch 8, wobei das Nadelpositionsmodul (76) strukturiert ist, um eine Anzahl von Impulsen, die
an das mindestens eine Betatigungselement (36, 40) gesendet werden, aufzuzeichnen, und wobei der Schritt des
Nullstellens (206) des Nadelpositionsmoduls (76) zum Aufzeichnen der aktuellen Nadelposition als erste Position

der Nadel den Schritt des Anderns (212) des Gesamtwerts der aufgezeichneten Impulse auf null umfasst.

Verfahren nach Anspruch 8, wobei das Nadelpositionsmodul (76) ein Nadelpositionsmodulregister (77) umfasst,
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das strukturiert ist, um Daten, die die virtuelle Nadelposition anzeigen, aufzuzeichnen, und wobei der Schritt des
Nullstellens (206) des Nadelpositionsmoduls (76) zum Aufzeichnen der aktuellen Nadelposition als erste Position
der Nadel (42) den Schritt des Leerens (214) des Nadelpositionsmodulsregisters (77) umfasst.

Verfahren nach Anspruch 8, wobei die Schritte des Anordnens (200) der Spriihpistole (10) in der Kalibrierungskon-
figuration, des Uberwachens (202) des Stroms in dem mindestens einen Betitigungselement (36, 40), das einen
Leitungsleiter (44) aufweist, des Detektierens (204) einer identifizierbaren Anomalie in dem Strom und des Nullstel-
lens (206) des Nadelpositionsmoduls (76) erfolgen, wenn die Fluidkammer (20) mit einer FlUssigkeit gefillt ist.

Revendications

2,

Systéme (80) pour étalonner un soulévement d’aiguille dans un ensemble de pistolet de pulvérisation (10), ledit
ensemble de pistolet de pulvérisation (10) comportant un logement (12) et un mécanisme d’actionnement (14),
ledit logement (12) définissant au moins une chambre de fluide (20), ladite chambre de fluide (20) comportant une
entrée de fluide (22) et une buse (26), ladite chambre de fluide (20) étant accouplée a, et en communication fluidique
avec, une alimentation en fluide par 'intermédiaire de ladite entrée de fluide (22), ladite buse (26) comportant une
ouverture (30) et un siége d’aiguille (34) disposé autour de la surface intérieure de ladite ouverture de buse (30),
ledit mécanisme d’actionnement (14) comportant au moins deux actionneurs alimentés électriquement (36, 40),
une aiguille (42) et un systéme de commande d’actionneur (44),

ladite aiguille (42) comportant une extrémité proximale (62) et une extrémité distale (64), ladite extrémité proximale
d’aiguille (62) étant accouplée audit solénoide (38), ladite extrémité distale d’aiguille (64) étant formée de maniére
a venir en prise de maniére étanche avec ledit siége d’aiguille (34), ladite extrémité distale d’aiguille (64) étant
disposée dans ladite chambre de fluide (20),

lesdits au moins deux actionneurs (36, 40) comprenant un solénoide (38) et un ensemble de solénoide pas a pas
(100),

ledit solénoide (38) étant structuré pour déplacer ladite aiguille (42) entre une premiére position, dans laquelle ladite
extrémité distale d’aiguille (64) est en prise de maniére étanche avec ledit siege d’aiguille (34), et une deuxiéme
position, dans laquelle ladite extrémité distale d’aiguille (64) est espacée dudit siége d’aiguille (34), ledit solénoide
(38) comportant un élément d’actionneur mobile,

ledit ensemble de solénoide pas a pas (104) étant accouplé audit solénoide (38) avec ledit ressort de solénoide
(51) disposé entre eux, ledit ensemble de solénoide pas a pas (100) comportant un conducteur de ligne (46) structuré
pour &tre en communication électrique avec une source de puissance, ledit ensemble de solénoide pas a pas (100)
étant structuré pour recevoir des commandes d’entrée dudit systtme de commande d’actionneur (44) et pour
déplacer de maniére incrémentale le solénoide (38) dans ledit logement (12) en réponse auxdites commandes,
ledit systéme de commande d’actionneur (44) étant structuré pour commander ledit ensemble de solénoide (100)
et ledit solénoide (38) de maniere a déplacer ladite aiguille (42) entre ladite premiére position et ladite deuxiéme
position et ledit ensemble de solénoide pas a pas (100) pour réaliser un ajustement fin de ladite position d’aiguille,
lesdits au moins deux actionneurs (36) ayant une configuration initiale et une configuration d’étalonnage,

ledit systéme (80) pour étalonner un soulévement d’aiguille étant caractérisé en ce qu’il comprend :

un capteur d’actionneur (82) structuré pour détecter les changements du courant dans ledit conducteur de ligne
d’ensemble de solénoide pas a pas (46) et pour fournir un signal de sortie ;

un module d’étalonnage (84) exécuté dans ledit systéme de commande d’actionneur (44), ledit module d’éta-
lonnage (84) étant structuré pour recevoir le signal de sortie dudit capteur d’actionneur (82) ;

un module de position d’aiguille (76) exécuté dans ledit systéme de commande d’actionneur (44), ledit module
de position d’aiguille (76) étant structuré pour suivre la position virtuelle de ladite aiguille (42) ; et

ledit module d’étalonnage (84) structuré en outre pour détecter une anomalie identifiable dans ledit signal de
sortie de capteur, ladite anomalie étant indicative du faite que ledit élément d’actionneur s’appuie contre ledit
solénoide (38) et, en réponse a la détection de ladite anomalie identifiable, enregistrer de données de position
virtuelle d’aiguille indiquant que la position actuelle de ladite aiguille (42) correspond a la configuration d’éta-
lonnage de pistolet de pulvérisation.

Systéme (80) pour étalonner un soulévement d’aiguille dans un ensemble de pistolet de pulvérisation (10) selon la
revendication 1, dans lequel :

ladite anomalie identifiable est un changement d’une caractéristique de courant.
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Systéme (80) pour étalonner un soulévement d’aiguille dans un ensemble de pistolet de pulvérisation (10) selon la
revendication 1, dans lequel ladite anomalie identifiable est un changement de la réactance inductive de la bobine
tel que mesuré par les changements du courant.

Systéme (80) pour étalonner un soulévement d’aiguille dans un ensemble de pistolet de pulvérisation (10) selon la
revendication 1, dans lequel ledit module d’étalonnage (84) peut étre mis en oeuvre lorsque ladite chambre de fluide
(20) est remplie avec un fluide.

Ensemble de pistolet de pulvérisation (10) comprenant :

un logement (12) définissant au moins une chambre de fluide (20) ;

ladite chambre de fluide (20) comportant une entrée de fluide (22), une sortie de fluide en excés (24) et une
buse (26), ladite chambre de fluide (20) étant structurée pour étre accouplée a, et en communication fluidique
avec, une alimentation en fluide par l'intermédiaire de ladite entrée de fluide (22) ;

ladite buse (26) comportant une ouverture (30) et un siége d’aiguille (34) disposé autour de la surface intérieure
de ladite ouverture de buse (30) ;

un mécanisme d’actionnement (14) comportant au moins deux actionneurs alimentés électriquement (36, 40),
une aiguille (42) et un systéme de commande d’actionneur (44) ;

lesdits au moins deux actionneurs (36, 40) comprenant un solénoide (38) et un ensemble de solénoide pas a
pas (100) ;

ledit solénoide comportant un élément d’actionneur mobile accouplé a ladite aiguille (42) et structuré pour
déplacer ladite aiguille (42) entre une premiére position, dans laquelle ladite extrémité distale d’aiguille (64) est
en prise de maniere étanche avec ledit siege d’aiguille (34), et une position sélectionnée dans laquelle ladite
extrémité distale d’aiguille (64) est espacée dudit siege d’aiguille (34) ;

ledit systéme de commanded’actionneur (44) étant structuré pour commander lesdits au moins deux actionneurs
(36, 40) de maniere a déplacer ladite aiguille (42) entre ladite premiére position et une position sélectionnée ;
ledit ensemble de solénoide pas a pas (100) comportant un conducteur de ligne (46) structuré pour étre en
communication électrique avec une source de puissance, ledit ensemble de solénoide pas a pas (100) étant
structuré pour recevoir des commandes d’entrée dudit systéme de commande d’actionneur (44) et pour déplacer
de maniere incrémentale ladite aiguille (42) en réponse auxdites commandes ;

ladite aiguille (42) comportant une extrémité proximale (62) et une extrémité distale (64), ladite extrémité proxi-
male d’aiguille (62) étant accouplée audit solénoide (38), ladite extrémité distale d’aiguille (64) étant formée de
maniére a venir en prise de maniére étanche avec ledit siege d’aiguille (34), ladite extrémité distale d’aiguille
(64) étant disposée dans ladite chambre de fluide (20) ;

ledit ensemble de solénoide pas a pas (100) étant accouplé audit solénoide (38) par I'intermédiaire dudit ressort
de solénoide (51), et structuré pour déplacer ledit solénoide (38) dans ledit logement de pistolet de pulvérisation
(12);

lesdits solénoide (38) et ensemble de solénoide pas a pas (104) ayant une configuration initiale et une confi-
guration d’étalonnage ;

leditensemble comprenanten outre un systeme pour étalonner un soulévementd’aiguille selon 'une quelconque
des revendications précédentes.

Ensemble de pistolet de pulvérisation (10) selon la revendication 5, dans lequel :
ladite anomalie identifiable est un changement d’une caractéristique de courant.

Ensemble de pistolet de pulvérisation (10) selon la revendication 6, dans lequel ladite anomalie identifiable est un
changement de la réactance inductive de la bobine tel que mesuré par les changements du courant.

Procédé d’étalonnage d'un soulévement d’aiguille dans un ensemble de pistolet de pulvérisation (10), leditensemble
de pistolet de pulvérisation (10) comportant un logement (12), un mécanisme d’actionnement (14) et un systéme
(80) pour étalonner un soulévement d’aiguille,

ledit logement (12) définissant au moins une chambre de fluide (20), ladite chambre de fluide (20) comportant une
entrée de fluide (22) et une buse (26), ladite chambre de fluide (20) étant accouplée a, et en communication fluidique
avec, une alimentation en fluide par l'intermédiaire de ladite entrée de fluide, ladite buse comportant une ouverture
(30) et un siege d'aiguille (34) disposé autour de la surface intérieure de ladite ouverture de buse (30),

ledit mécanisme d’actionnement (14) comportant au moins deux actionneurs alimentés électriquement (36, 40),
une aiguille (42) et un systéme de commande d’actionneur,
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ladite aiguille comportant une extrémité proximale et une extrémité distale, ladite extrémité proximale d’aiguille étant
accouplée audit solénoide, ladite extrémité distale d’aiguille étant formée de maniére a venir en prise de maniére
étanche avec ledit siege d’aiguille, ladite extrémité distale d’aiguille étant disposée dans ladite chambre de fluide,
lesdits au moins deux actionneurs comprenant un solénoide et un ensemble de solénoide pas a pas,

ledit solénoide étant structuré pour déplacer ladite aiguille entre une premiere position, dans laquelle ladite extrémité
distale d’aiguille est en prise de maniére étanche avec ledit siege d’aiguille, et une deuxieéme position, dans laquelle
ladite extrémité distale d’aiguille est espacée dudit siege d’aiguille, ledit solénoide comportant un élément d’action-
neur mobile,

ledit ensemble de solénoide pas a pas étant accouplé audit solénoide avec ledit ressort de solénoide disposé entre
eux, leditensemble de solénoide pas a pas comportant un conducteur de ligne structuré pour étre en communication
électrique avec une source de puissance, ledit ensemble de solénoide pas a pas étant structuré pour recevoir des
commandes d’entrée dudit systéeme de commande d’actionneur et pour déplacer de maniére incrémentale le solé-
noide dans ledit logement en réponse auxdites commandes,

ledit systeme de commande d’actionneur étant structuré pour commander ledit ensemble de solénoide et ledit
solénoide de maniére a déplacer ladite aiguille entre ladite premiére position et ladite deuxiéme position et ledit
ensemble de solénoide pas a pas pour effectuer un ajustement fin de ladite position d’aiguille, lesdits au moins
deux actionneurs ayant une configuration initiale et une configuration d’étalonnage,

ledit systéme (80) pour étalonner un soulévement d’aiguille étant caractérisé en ce qu’il comprend :

un capteur d’actionneur (82), un module d’étalonnage (84), et un module de position d’aiguille (76),

ledit capteur d’actionneur (82) étant structuré pour détecter les changements du courant dans ledit conducteur
de ligne d’ensemble de solénoide pas a pas (46) et pour fournir un signal de sortie,

ledit module d’étalonnage (84) étant exécuté dans ledit systéeme de commande d’actionneur (44), ledit module
d’étalonnage (84) étant structuré pour recevoir ledit signal de sortie du capteur d’actionneur (82),

ledit module de position d’aiguille (76) étant exécuté dans ledit systéme de commande d’actionneur (44), ledit
module de position d’aiguille (76) étant structuré pour suivre la position virtuelle de ladite aiguille (42), et

ledit module d’étalonnage (84) étant en outre structuré pour détecter une anomalie identifiable dans ledit signal
de sortie de capteur, ladite anomalie identifiable étant indicative de 'appui dudit élément d’actionneur contre
ledit solénoide et, enréponse a la détection de ladite anomalie identifiable, enregistrer des données de position
virtuelle d’aiguille indiquant que la position actuelle de ladite aiguille (42) correspond a la configuration d’éta-
lonnage de pistolet de pulvérisation, ledit procédé pour étalonner un soulévement d’aiguille comprenant :

le placement (200) du pistolet de pulvérisation (10) dans ladite configuration d’étalonnage ;

la surveillance (202) du courant dans ledit conducteur de ligne d’ensemble de solénoide pas a pas (46) ;
la détection (204) d’une anomalie identifiable dans les caractéristiques dudit courant ;

le placement (205) du pistolet de pulvérisation (10) dans ladite configuration initiale ; et

la mise a zéro (206) dudit module de position d’aiguille (76) de maniere a enregistrer la position d’aiguille
actuelle en tant que premiére position de ladite aiguille (42).

Procédé selon la revendication 8, dans lequel ladite anomalie identifiable est un changement d’une caractéristique
de courant.

Procédé selon la revendication 8, dans lequel ladite anomalie identifiable est un changement de la réactance
inductive de la bobine tel que mesuré par les changements du courant.

Procédé selon |la revendication 8, dans lequel ladite anomalie identifiable est une anomalie d’appui de solénoide
de laiguille (42).

Procédé selon la revendication 8, dans lequel ledit module de position d’aiguille (76) est structuré pour enregistrer
un nombre d’impulsions envoyées audit au moins un actionneur (36, 40), et dans lequel ladite étape de mise a zéro
(206) dudit module de position d’aiguille (76) de maniére a enregistrer la position d’aiguille actuelle en tant que
premiere position de ladite aiguille comprend I'étape de mise a zéro (212) de la valeur totale d’impulsions enregis-
trées.

Procédé selon la revendication 8, dans lequel ledit module de position d’aiguille (76) comprend un registre de module
de position d’aiguille (77) structuré pour enregistrer des données indicatives de la position d’aiguille virtuelle, et
dans lequel ladite étape de mise a zéro (206) dudit module de position d’aiguille (76) de maniere a enregistrer la
position d’aiguille actuelle en tant que premiére position de ladite aiguille (42) comprend I'étape de mise a zéro
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(214) du registre de module de position d’aiguille (77).

Procédé selon la revendication 8, dans lequel lesdites étapes de placement (200) du pistolet de pulvérisation (10)
dans ladite configuration d’étalonnage, de surveillance (202) du courant dans ledit au moins un actionneur (36, 40)
comportant un conducteur de ligne (44), de détection (204) d’'une anomalie identifiable dans ledit courant, et de
mise a zéro (206) dudit module de position d’aiguille (76) ont lieu lorsque ladite chambre de fluide (20) est remplie
avec un liquide.
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200 STEP OF PLACING THE SPRAY GUN
IN-A CALIBRATION CONFIGURATION

210 STEP OF ENERGIZING THE
SOLENOID TO PLACE THE NEEDLE
IN - THE SECOND CONFIGURATION

Y

202 STEP OF MONITORING THE
CURRENT IN THE STEPPING SOLENOID
ASSEMBLY HAVING A LINE CONDUCTOR

¢

204 STEP OF DETECTING AN IDENTIFIABLE
ANOMALY IN THE CURRENT'S CHARACTERISTICS

Y

205 STEP OF PLACING THE SPRAY GUN
IN AN INITIAL CONFIGURATION

Y
206 STEP OF ZEROING THE NEEDLE POSITION MODULE

212 STEP OF CHANGING THE TOTAL
VALUE OF RECORDED PULSES TO ZERO

214 STEP OF CLEARING THE NEEDLE
POSITION MODULE REGISTER

FG.2
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Szabadalmi igsnypontok

1. Toemelés kalibedls rendszer (80) szdrdpkztoly shendszdsben (10}, amely
szorapiszioly elrendezésnak (10) haza (1) és mikodistd mechanizmusa (14)
van,

a har (12) meghatsroz legaldbb egy folyadékkamrat (20), a folyadékkamranak
(20) folyadék bemenste (32) és fhvdkajs {(26) van, a folyadékkamra {20}
ssatlakoztatva van & folyadékkapasolaiban van agy folyadékellald sgyseggel a
folvadék bemsneten (22) kereszild, a fivdkanak {28} nyilass (30) és a fuvoka
nyilas (30) beled feltleténs! elthelyezatt t Uleke (34) van,

a  mikddiets  mechanizmusnak (14 legalabb ket villamosan  aplalt
mikodistdazerve (36, 40), He (42) ds mikodietbvezérld rendszere (44) van,

a tinek (42) proximalis vége (82) és disxtdlis vége (B84) van, a tl proximalis
vége (62} ceatiekoztatva van srolenocidhoz (38), a W diszlalis vége (84} olyan
alakl, hogy Wmitden Hleszkedik a t tékhez (34), a tU disztalis vége (84) a
folvadékkamidban (20} van elhalyssve,

a legaldbb két milkodtetdszery (38, 40) tartaimaz szolenoidoet (38) és Eptetd
szolenoid elrendezést (100},

3 szolenold (38) Ggy van kislekitva, hogy mozgassa a Wt (42} egy alsd
helvzet, ahol & {0 disztals vége (64) omitten Hleszkedik a td Glskhex {34),
&x egy masodik helyzet kozott, ahol a t0 disztalis vige (84) el van tavolodva
a léptetd szolenold elrendezés (104) & szolenoidhoz (38} & kGzOUlk
eihelyezett szolencid rigoval {51) van csatliakoztatva, a leptetd szolenold
slrendezésnek {100} haldzatl vezeteke (48) van, amely Loy van kislakitva,
hogy villamos kapesolatban legyen egy tapforrassal, a lepletd szolenoid
airendezds (100) Ggy van kislakitva, hogy bemeneti parancsokal fogadjon a
mikGdtetfvezertd  rendszedd!  (44) és g parancsokra  valaszul
inkramentalisan mozgassa a szolenoidot (38) a hazban (13},

a mikédtetdvezérld randszer {(44) gy ven kislakitva, hogy a szolenoid
alrendezést {100} &8 & szolencidot (38) Ugy vezérelis, hogy mozgassa a it

) 4
3 3
A
3
B
3
3
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at

{42} sz smiitelt ol helyzet &8 gz emiitetl masodik helyza! kOt &s 8 Isptetd
szodsnold elrendezdst (100) Ggy, hogy 8 I helyzstének finombeallitasst
megvalositsa, a8 legsigbb k&t mikddistbszervnek (38} van sgy keedet
konfiguracitja s egy kalibracids konfiguraciolg,

(amelds kalbrald rendazer (80) azzal van jellemezve, hogy tartalmaz

mikddietd orzekellt (82), amely Ggy van kialakitva, bogy delekigla az
sramyaliozast o ieptetd ssolencid slrandesds haldsall veretdhdban (48} és
kimanel jelst adion;

kalibracios modull (84}, amely 3 mikadietdvezdrld rendszerben {44} van
megvalositva, 8 kalibracios modul (84) ugy van Kislakitva, hogy fogadia a
mitkadistd sezekeld (82) kimsneti jslét

tipozicionsls modult (78}, amely 8 mikOdietdvezérld rendsserban (44} van
megvalositug, a tpozicionald modul (76) Ggy van kialakitva, hogy kdvesse g
G {42) virtushis helyzelél és

a kalibrdcios modul (84) tovdbba ggy van kislskitva, hogy szonosithatd
anomaliat detekidlion az &rzékeld kimenell jelében, amely azonosithatd
anomalia jelzl. hogy a mukodietoslem fellll a szolencidon (38), ds valaseul az
azonosithatd anomalia detekialasra feljagyal st vittualis helyzetének adalalt,
amelvek a2t plzik, hogy 8 ti {(42) skiuslizs helyzete maglelsl a szdrdpiszioly
kalibracios konfigurdcidianak.

2. Az L igénypont szerintt Hlemelés kRalibrdld rendszer (80 szdroplsstoly

slrendezdsben (10}, ahal

Az

gz azonosithatd snomalia egy Sram jellemzoben fellépd vallozas.

1. igénypont szedntt temelés  kalibrald  rendszer {80 szdrdplestoly

sirandasdsben {10}, shod ar azonosithatd asnomalia a tokercs  indukliv

reaktancigjaban fellépd valtozas, amely az Sram valtozdsaként meérhetd



[

Az 1. fgdnypont szerntl tlemelds  kalibrald vendszer (80} szdropissioly
sirendazésben {10}, ahol 8 kalibracios modul (84) skkor mik&ddképes, amikor a
folyaddkkamea (20} folyaddkikal van tala,

Szorapiszioly elranderds (10}, amaly tartalmaz

hazat (12), amely meghatdrez legaldbb egy folyadékkamrat (20)

a folvadékkemednak (20} folyadék bamenate (32), ribbletfolyadel Kimenste
(Z4) os fovokala (28) van, a folysdékkamm (20} Ggy ven Kislskitva, hogy
coatiskoziatva van ds folvadekkaposolatban van sgy folyadekellatd sgystgye
a folvadak bemeneten (22) keresstll;

a fovokanak (28) nyilgsa (30) @5 a fuvdkanyilas (30 belsd feltletenal
sthelyeretl (I Uldke (34) vaiy

mUkddietd mechanizmust (14), amelynek legalabb ket villamosan @plalt
mikddtstdszerve (38, 40), tiis 4Q) és mikédietdvezdrld rendszers (44) van;
a legalabb két mikodietSszery (36, 40) tartalmaz szolenoidot (38) és leptetd
srolenoid elrendezast (100} ,

a szolenoidnak mozgathaté mikodietdeleme van, amely csatlakoziatva van &
tihaz (42), €3 gy van kialakitva, hogy mozgassa a (i {44) sqy elad halyzel,
ashol o 10 diszialis vége B4) Umitden illeszkedik a i Glekhez (34}, ds egy
Kivalasstott helyzet kozol, ahol a t{ diszitalis végs (84) ef van tavolodva a H
Glekidt (34)

a mikodietbvezend rendszer (44) Ggy van kialakitva, hogy a legaldbh két
mitkddtetdazenest (38, 40) Ggy vezérelie, hogy mazgassa 8 0L {(42) ax emiitett
sisd helyzet és az amiitelt kivalsstoll halyzet kzitt;

3 leptetd szolanoid elrendezdsnek (100} haldzati vereldke (46) van, amely Ggy
van kistakitva, hogy villamos kaposolatban legyen sgy taplorrdssal, a lepistd
szolenold elrendezés (100} Ggy van kiglakitva, hogy bemeanell parancsokal
fogadion a mikadiettversrd rendszertdl (44} &s a parancsokra vélasaul
inkrementdlisan mozgassa a Hit (438y,

a tinek {(42) proximalis vége (82) és disztalis végs (84) van, a ti proximalis
vége (62) csatlakoztatva van g szolenpidhor (38), a 0 diszialis vége (64)
slyan alak(, hogy tmitden iesckedik a il Glekhez (34}, a  diszigls wige
(64} & folyadekkamrdban (20) van sthelyesve,



3

a léptetd seroleniod shendssés (100} 8 szolencidhoz (38) szolencid rugdval
{51} van csatlakoztatva, €8 tgy van kialakitva, hogy mozgassa @ szolenoidet
{38) » szdropisztoly hazhan (12);

g srolenoidnak (38) &s g lepletd syolenoid elrendezesnsk (104} van agy
kezdet konfigurdcidis &g egy kelibracios konfiguracidjs;

az elrendezds torlalmaz tovabba az sidzd igdnyponick bdrmelyike szsnnd
temelds kalibrals rendszeart.

Az 5. lgénypont szetintl szérdpiszinly erendezss (10}, ahol

az azonosithatd anomalia egy dram jellomzdben fellapd vallozas.

A 6 igénypont szerint szdropisztoly ebendezés (10), shol az azonosithatd
anomalis o tekercs dulkdiv reskiancigidban fellépd valtozas, amely ag aram
viltozasaként mérhetd,

Ehiargs  tlemelés kalbralassra sadrdpiszioly  elrendezdsben  (10), amely
szoropiszioly etrendssdsnsk (10} haza {18), mikddietd mechanizmusa (14} és
tlamalés kalibrald rendszere (80} van,

3 haz {12) meghaliroz legalabb egy folyaddkkamrat (20}, a folvadékkamranak
(201 folyadék bemenste {(22) és fuvokala (26) van, a folyadekkamra (20)
csatlakoziatva van és fulyadékkaposolathan van egy folyadékellatt egységgel a
folyadek bemensten (32) kereszilil, g favokanak (28) nyllasa (30} és a fovdka
myilss (30) belsd felileténdl elhelyssell 1 Glke (34) van, a mikadistd
mechanizmusnak (14} legaldbb két vilamosan dplalt mikodietbszerve (36, 40},
tUje {42) és mikGdisidvezénd randszere van,

a Hinek proximalls vige ¢s diszidlls vége wan, a Wl proximalis vége
ceatiskoztatva van seolenoidhoz, 8 W digzidlis vége olyan alsky, hogy
imithern esskedik g t (lékhez a t disztalis vége a folyadékkamraban van
ghelyezve,
a legalabb két mikddistbseany tartalmas szolencidot és leptetd szolenaid
shrendazast,



a szolenoid Ggy van Kakkitva, hogy mozgassa & Nt sgy eled helyzel, shol
a i disstddls vige mitben lesskedik a ti Ulékhez, &2 egy mdsodik halyzet
mozgsthatd mikddistOslame van,

a leptetd seolencid elrendszds a szolenoidhoz a kOzGHUK elhadyezett
szolenold rdgdval van caatibkostatva, a léptetd szolenoid elrendezgsnek
haldzatl veretéke van, amely gy van Kialskitva, hogy villamos
kapcsolatban fegyan sgy tapforrassal, a ldpleld seolencid elrendesés gy
van kialskitva, hogy bemensti parancsokat fogadion a mikadiettvezérld
rendsrentdl 88 @ parancsckra valassul inkrementdlisan mozgasss a

sxolengidol & hazban,

& mikddistdvazénd rendszer Ggy van kialakitva, bogy 8 szolenoid ebrendszest
&3 2 ssolenoidot Ogy vesdralis, hogy mozgassa a8 i az emiitett elsd helyest
és 3¢ smiilett masodik helyzet kozétt & 8 Eptatd szolencid elrendezist Ggy,
hogy a i helyzetének fnombedlliitésdt megvaldsitsa, a legaldbh két
mikodietdszarvnek van sgy kezdell konfiguracidia és egy  kalibracios
konfiguracidis,

a themelés kalibrdld rendsser (B0} sxzal van jellemezve, hogy tartalmaz

ik Sdiatd éraékeldt (82), kallbracios modult (84) és tipozicionadld modult (78),

a2 mikddtetd drékeld (82) Ogy van Kiaslakitva, hogy delekigla sz
SGramvalios st a lopteld szolenoid slrendserés haldzall veretdkeben (48}, es
kKimanetl jelet adjon,

g kalibracios modul (84} a mikddtbvazédd rendszerben {(44) van
magvalositva, 3 kalibracids modul (84) Ggy van kialakitva, hogy fogadia a
mitkodield erxékadd (82) Kimenadi jelét,

megvaldsitva, a tWpozicionald madul (78) Ggy van Kialakitva, hogy kovesse
a Hi {42} virfudlis hadyzaidl, és

a kalibracids modul (84) tovabba gy van kKialakitva, hogy azonosithald
anomalist detektdlion ax Gékeld Kimensti jsiében, amaly azonosithato
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12.

&

anomalia  jelzl, hogy 8 mik&distdelem el g szolencidon, és &
azonesithatd  anomdlia  detekididsra valpezudl feljegysl 8 W virdudls
helyzetének asdatait, amelvek azt jelzik, hogy & G 48) aktualis helyzele
megtelel & sedrdpiszioly  kalibracids  konfiguracididnsk, az sfdvas a
fGamehis kalibraldsdra tarlaimazsa 8 kdvetkerd Bpdsekat
9 axGropheztolvt (10) ar emitett kelibrdcids konfigwdcidba helvezatk
{200y,
fgyelih (203) ar aramot 8 lépteld ssolencld elrendezés  haldsatl
vegelskeban (48},
azonosithatd anomalist detekidlunk 204) az emiitell Sram ellemsbibany
& sxoropisziolyt (10) sz smiitelt kezdetl konfiguricidba helyerzik (208
&%
nulidesuk {208) & tUposiciondid modult (78}, fgy o 1 akiudlis helyzetét a
{0 (43} eled helyzsteként rogsititik,

A 8. lgénypont szerint slfdrds, amelynél a8 asonosithatd anomalia egy dram
{ellemzoben fsliepd vallozas

A B igénypont szerintl elidras, amelyngl az aronosithald anomalia a tekercs
dultiv reakiancidgjaban fallépd valtozas, amely ax qram valtosdsaként mérhetd.

1A 8. igénvpont szerint slidrds, amelmdl az aeonosithatd anomalis & @ (424}

szodanoid felliest anomaligia.

A B, igénypont szetinil eljdras, amelyndl & tipoziciondld mudul (78} gy van
kinlakltva, hogy fellegysl 8 legaldbb egy mikodietOszerviiek (36, 40} Rukdo
mpulzusok szamat, &s amelynél a tipozicionals modul (78) nulldrasanek (206}
lepase, amely 8 H aktudlis helyzetdt a W elsd helyzelekent rlgzitt, magabhan
fnglalia a fellpgyzett impulzusok Gaszéridkét nulldrs valtostalo (212} lepést

A8 pénypont szerintl sljdrds, amelvnél a Wpoziclondld modul (76} tarialmasz

tipozicionald modul regiszier (77), amely Ggy van Kialakitva, hogy rogeitse a
virlualis tihelyzetst magadd adatol, 48 amelnsgl a tlpozicionald modul {78}
nullazdsanak {208) lepdse, amaly g U aktudlis helyset®t g 10 (42) elst
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halyzeteként régsili, magdban foglalia a tipoziciondld modyl regiszter (77)
torlesdnak (214 lapdsit,

A B lgénypont szerintl efigras, amelyndl azokra a lépdselre, amelyekben 3
szdropisstolyt {101 ar smiltelt kelibrdcids konfigurdcidba  helyeszik {200},
figyaliitk (202) az &ramot & legaldbb egy mtkGdietbszarvben (36, 40}, amelynek
haldzatl veretéks {44} van, azonosithatd anomaliat detekialunk (204} a2 amiitstt
gramban, &s nullazzuk (208) a tipoziciondld modull (78}, akkor kerll sor, amikor
a folyadékkamra (20} folyadékkal van tala,
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