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CONTROL SYSTEM FOR CAN COATING

Related Applicatiém

This application claims the benefit of United States Provisional patent application serial
no. 60/746,790 filed on May 9, 2006 for IMPROVED CONTROL SYSTEM FOR CAN
COATING, the entire disclosure of which is fully incorporated herein by reference.

Technical Field Of The Disclosure

The disclosure relates generally to apparatus and methods for spraying or otherwise
applying coating material onto a surface, ;uch as, for example, the interior surfaces of a rotating
can. More particularly, the disclosure relates to monitoring and control functions useful for
coating operations.

Background of the Disclosure

'Sprayin‘g a coating material onto the surface of a body is commonly done. For example,
interior surfaces of metal beverage cans are coated to preserve the flavor of the contents from
being changed due to contact with a metal surface. A variety of spray systems have been
developed over the years. In the can industry, can interiors are sprayed using one or more spray
applicator devices or spray guns having one or more nozzles positioned near the can interior.
Material is sprayed onto the can surfaces typically while the can is rotated. Can surfaces may
include interior and exterior surfaces.

In many applications it is important to assure that the entire surface is coated. The
amount of material that is applied to a surface is usually measured in terms of coating weight. In
an ongoing effort to reduce costs, coating weights have also been reduced. However, lower
coating weights necessitate tighter control over the coating process. There are many process
variables that affect coating weight, including temperature, pressure, viscosity, spray duration,
nozzle flow rate and pattern control, and spray applicator position. In typical known rotating

coating application systems, each deposition of material onto the circumferential surface of the
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container body is called a wrap. In a known can coating system, a can may be coated with a
single wrap or two or more wraps.including fractional or partial wraps.

The: drnount’of rr'iéferiél that‘t is applied to a rotating surface is a function of the above
noted process variables, the number of wraps, and also the rotation speed of the surface. If the
rotation speed were always a known constant, then the amount of @ateﬁal applied’to fi}-ie'r‘s'ui'fac'e'v
could be better controlled within the ability of the manufacturer to control the other process
variables. As such, the other process variables noted above have a significant impact on the
coating weight and completeness of each wrap. For example, the actual spray duration can have
a major impact on the amount of coating material applied to the rotating surfe_tce’fé‘s 'a;:'ﬁlﬁctidh 6"’f.:¢: K
the speed of rotation. Spray duration refers to the time duration that coatiné material irhping‘e\s}
the surface being sprayed. Spray duration is thus affected by flow characteristics of material |
through the spray application device, material transport times and spray device turn on and turn
off time delays. The turn on time delay refers to the time delay between the command to turn the
spray application device on via a first trigger signal to the spray application device and the actual
time that material begins to impinge the surface. Turn off delay refers to the time delay between
the command to turn the spray application device off via a second trigger signal to the spray
application device and the actual time that material stops impinging on the surface. If the
rotation speed is not constant, the spray duration time greatly impacts the completeness of the
wraps and the distribution of coating weight applied during each wrap.

In can coating operations, it is common to.support a can on a spray machine when coating
the interior of the can. The spray machine supports a number of cans and sequentially indexes
them past one or two spray guns that coat the cans. The can is normally supported on a mandrel
by the force of a vacuum. Thus the mandrel is referred to as a vacuum chuck. The vacuum
chuck rotates the can at a desired speed during the time that the can is stopped in front of the
spray gun. Normally, the can is completely coated after being rotated two or three revolutions

while being sprayed with coating material. Each complete revolution is called a "wrap".
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An existing system for monitoring and controlling the coating of the can on a spray
machine is the Nordson iTrax® System. This system is available for purchase from Nordson
Corporation, Amherst, Ohio and is described, at least in part, in International Publication Number

WO 2005/016552 A2, published February 24, 2005 that is hereby incorporated by reference in its

*  entirety.

Even though a can is set to rotate at a desired speed on a spray machine as described
above, the can may not be spinning properly. If the can is not rotated properly during the
spraying operation, it may not be properly coated. It is also possible that even though the can is
properly rotated, it is not prOp.erly sprayed. Improperly coated cans must be detected before they
are filled with a food or beverage and sold to a consumer.

Summary Of The Invention

The present disclosure includes in a first inventive aspect a control function for a can
coating machine, in which the control function operates to inhibit or enable a coating operation
under predetermined circumstances or conditions. In one embodiment, the control function may
be realized in the form of a control signal that in one state indicates a * good-to-go’ or ‘ready-to-
spray’ condition, and in another state indicates a fault condition, based on a predetermined set of
monitored conditions. In a more specific exemplary embodiment, the control signal state may be
used before a coating operation begins. In another exemplary embodiment, the predetermined set
of conditions are selected from the following: can in position, gun in position, safety device in
position, acceptable speed of rotation, acceptable vacuum holding a can in position. The control
signal may be used, for example, to prevent a coating operation when one or more fault
conditions are present.

In accordance with another inventive aspect of the disclosure, pressure regulation of the
coating material may be performed by monitoring and regulating pressure of the coating material
proximate to or in a spray gun, and optionally monitoring and controlling temperature of the

material proximate to or in the spray gun. In one embodiment, a pressure sensor and optionally a



10

15

20

25

WO 2007/133386 PCT/US2007/009725

-4 -

temperature sensor are disposed in a sensor head or other available supply connection attached to
a spray gun. In another exemplary embodiment, a pressure regulation system is provided locally
near the spray gun.

In accordance with another inventive aspect of the disclosure, use of pressure regulation
by monitoring coating material pressure proximate to or in the spray gun, and optionally
temperature of coating material proximate or in the spray gun, allows a control system to control
coating weight by adjusting base pressure of the coating material at the spray gun as a function of
a determined wrap number. In one embbdiment, if a wrap number is low then the base pressure
may be increased, and if a wrap number is high the base pressure may be decreased. In a specific
exemplary embodiment, a wrap number may be determined from speed of rotation. and spray
duration.

In accordance with another inventive aspect of the disclosure, a remote display feature
may be provided near or proximate a spray machine so that an operator may observe system
performance at the machine rather than from a more distant location beyond the operator’s lim_a of
sight.

In accordance with another inventive aspect of the disclosure, a second control system
may be added on to an existing control system for effecting one or more of the above features or
additional others, including but not limited to the inhibit/enable control function, pressure
regulation at the spray gun, pressure adjustment based on wrap number, and the remote monitor.
In one embodiment, the second control system may be a module that interfaces with the primary
control system over a network, but with a intermediate buffer to isolate the networks. This aspect
of the disclosure may be useful, for example, in system upgrade and retrofit situations of a prior
existing system. \

In accordance with another inventive aspect of the disclosure, a sensor may be provided
to produce a signal that is related to or corresponds to rotation speed of the work piece or a work

piece holder. This speed signal may relate to actual speed or a speed threshold indicator, for
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example. The speed signal in a more specific embodimerit may be used as one of the monitored
conditions for the “good-to-go” control signal. A circuit may be used that provides a speed error
signal when the detected speed is outside a predetermined range.

In accordance with another ‘EAlSpGCt of the invention, a third control system may bé,
provided that operates as a gun coni;rdl circuit. In a specific embodiment, a gun contr;)l circuit
adjusts the spray gun drive signal in order to cbntrol the actual spray duration. In a more specific
embodiment, a pressure sensor at or near the spray gun may be uséd to detect transitions between
base and fire pressures to indicate actual spray duration. In another embodiment, a gun control
circuit may be used to select and produce an appropriate gun drive signal based on the type of
spray gun in use. In still a further alternative embodiment, multiple gun contrel circuits may be
daisy chained together to simplify and expedite field wiring. In still another embodhnent, the
gun control circuits may communicate with other control circuits or modules (or both) over a
network. In still a further alternative embodiment, a gun control circuit may issue a warning or
inhibit signél if an o'perator attempts to program a spray gun outside of its capabilities. For
example, atiempting to make a spray gun fire faster than it is designed to do and still achieve
proper coating.

In accordance with another inventive aspect of the disclosure, a modular control system
for a work piece coating system is contemplated. The modular concept utilizes two or more
functional modules that may communicate with each other over a network, as well as with an
operator interface device such as a computer. Each module includes control and/or monitoring
functionality and associated circuits. The modular design allows :-for selective configuration of a
coating system by including modules as needed for specific functions. The networked modular
design also allows for simple extension of the system for additional spray guns and spray
machines. In an exemplary embodiment, modules may be provided for gun control, pressure
control, femperature control, remote displays and multifunction “good-to-go” control signal

generation.
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The present disclosure dlso contemplates, as anothér inventive aspect, the various control
systems, functions and operations, either alone or in various combinapions and sub-combinations
thereof, used with a coating application system.

Also disclosed herein are various inverntive methods including but not limited to method
for pressure regulation of the coating rﬁaterial pressure in a spray gun or other application device,
a method for spray duration control, and method for adjusting pressure as a function of a wrap
number determination.

These and other aspects and advantages of the present invention will be readily
appfeciated and understood from the following detailed description of the invention in view of

the accompanying drawings.

-Brief Description Of The Drawings

Fig. 1A is a functional block diagram of an exemplary embodiment of a control system
for can coating, including optional control and monitoring modules;

Fig. 1 is a simplified schematic diagram of a typical and exemplary can coating machine
shown with one embodiment of a multifunction monitor in accordance with one of the inventions
in this disclosure;

Fig. 2 is a more detailed schematic diagram of a portion of the can coating machine of
Fig. 1 illustrating a can in position for a coating operation;

Fig. 3 is a functional block diagram of a circuit that generates an exemplary control signal
based on two or more exemplary monitored conditions;

Fig. 4 is simpliﬁeci fluid schematic of an exemplary pressure regulation system;

Fig.'S is an functional block diagram of an exemplary control circuit for the pressure
regulation system of Fig. 4;

Fig. 5A is a simplified fluid circuit schematic for a spray gun and supply of coating

material;
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Fig. 6 illustrates a spray gun with a sensor head having a pressure sensor and temperature

sensor therewith;
Fig. 7 is an exemplary remote display; and

Fig. 8 is a functional block diagram of a system architecture for a coating system such as

in Fig. 1;

Fig. 9 is a functional block diagram of a gun control circuit;

Fig. 10 is an exemplary timing diagram for the circuit of Fig. 9;

Fig. 11 is a simplified wiring diagram for a plurality of gun control modules, and

Fig. 12 is a logic diagram for a circuit to control coating and clean spray operations.

Detailed Description Of The Exemplary Embodiments

1. INTRODUCTION

The present disclosure is directed to apparatus and methods for application of material
onto a work piece surface, such as, for example, the rotating surfaces of a can. In an exemplary
embodiment, the inventions are illustrated herein for use with a spray coating process and
apparatus for spraying a coating material, such as for example water and/or solvent borne coating
material, to the interior surface of a rotating can body. For example, coating material may be
applied to the interior surface of a two piece or three piece can body or outside dome spray.

While the inventions are described and illustrated herein with particular reference to
various specific forms and functions of the apparatus and methods thereof, it is to be understood
that such illustrations and explanations are intended to be exemplary in nature and should not be
construed in a limiting sense. For example, the inventions may be utilized in any material
application system involving the application of material to a rotating surface, and some
inventions may find useful application to other coating application systems in which the coated
surface is not rotating. The surface need not be a can surface, and need not be an interior surface,
but may include exterior surfaces, generally planar, curvilinear and other surface geometries, end

surfaces, and so on. The application system illustrated herein is a spray coating application
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system, however the word “spray” is not intended to be limiting. The inventions may be
similarly applied to other coating or material application techniques such as, for example,

deposition, coating, brushing and other contact and non-contact application systems, as well as

for liquid and non-liquid coating materials. The surface being coated may be rotated by a’

number of différent techniques and apparatus and the various inventions are not necessarily
limited to any particular rotaﬁon technology. Although the exemplary embodiments illustrate a
modular type distributed control system, it will be readily appreciated that many of the inventive
aspects described herein may be implemented in a system that is neither modular nor networked.

{0013] While various inventive aspects, concepts and features of the inventions may be
described and illustrated herein as embodied in combination in the exemplary embodiments,
these various aspects, coﬁcepts and features may be used in many alternative embodiments,
either individually or in various combinations and sub-combinations thereof. Unless expressly
excluded herein all such combinations and sub-combinations are intended to be within the scope
of the present inventions. Still further, while various alternative embodiments as to the various
aspects, concepts and features of the inventions--such as alternative materials, structures,
configurations, methods, circuits, devices and components, software, hardware, control logic,
alternatives as to form, fit and function, and so on--may be described herein, such descriptions
are not intended to be a complete or exhaustive list of available alternative embodiments,
whether presently known or later developed. Those skilled in the art may readily adopt one or
more of the inventive aspects, concepts or features into additional embodiments and uses within
the scope of the present inventions even if such embodiments are not expressly disclosed herein.
Additionally, even though some features, concepts or aspects of the inventions may be described
herein as being a preferred arrangement or method, such description is not intended to suggest
that such feature is required or necessary unless expressly so stated. Still further, exemplary or
representative values and ranges may be included to assist in understanding the present

disclosure, however, such values and ranges are not to be construed in a limiting sense and are
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intended to be critical values or ranges only if so expressly stated. Moreover, while various
aspects, features and concepts may be expressly identified herein as being inventive or forming
part of an invention, such identification is not intended to be exclusive, but rather there may be
inventive aspects, concepts and features that are fully described herein without being expressly

identified as such or as part of a specific invention, the inventions instead being set forth in the

‘appended claims. Descriptions of exemplary methods or processes are not limited to inclusion of-

all steps as being required in all cases, nor is the order that the steps are presented to be construed
as required or necessary unless expressly so stated.

2. DETAILED DESCRIPTION

With reference to Fig. 1, a material application system, generally designated with the
letter S, may be 'ﬁséd for applying a coating material to surfaces of one or more workpieces W.
In the illustrated embodiments the workpieces are cans. The workpieces are controlled with a
can rotation drive mechanism D which may be any one of a wide variety of well known systems,
both known and those later developed. Such systems typically use a star wheel 1 to hold,
position and spin a plurality of cans to be coated, such as by spraying for example. A can that is
to be sprayed enters a pocket-like zone where it can be spun about the can’s longitudinal axis by
a drive belt or wheel or other suitable device. The system may include a protective guard or
shield G generally indicated with the dashed box in Fig. 1 that substantially encloses the system
S to protect an operator. Typical drive mechanisms spin the cans at about 500 rpm to about 3000
rpm, but the present disclosure is not limited to any particular range of rotational speeds.
Suitable examples of drive mechanisms that may be used with the present inventions are
described in United States .Patent Nos. 3,452,709, 3,726,711; 3,797,456; 4,378,386; and
5,254,164 the entire disclosures all of which are fully incorporated herein by reference. With the
present inventions, it is not a requirement that the drive mechanism spin the cans at a tightly

controlled speed of rotation, but rather at least controlled within an acceptable range.
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The coating machine such as spray machine S further includes at least one material
application mechanism or coating device 4 that sprays or otherwise deposits or applies a coating
material M (Fig. 2) to a surface of the rotating workpiece, such as the inside surfaces of a
beverage can for example. The particular application mechanism or coating device 4 selected
will depend on many factors including but not limited to the characteristics of the material being
applied such as viscosity, flow rates, required spray patterns if any, temperature, pressure and so
on. Any number of many different types of material application devices may be used with the
present invention. Examples include but are not limited to a spray applicator or spray gun
Models A20A or MEG, available from Nordson Corporation, Westlake, Ohio. However, those
skilled in the art will readily appreciate that many different forms and types of application
devices, both known and later developed, may be used with the inventions. For the remainder of
this disclosure we will often refer to the application mechanism as a spray gun or coating device
without intending to limit the invention to use of such a spraying device or a particular spraying
or material application or coating technology.

The application mechanism or spray gun 4 may be supported on any suitable structure,
including a robotic arm, for example, so that the spray gun position may be manually or
automatically controlled as the case may be. The spray gun 4 operates in response to a number
of control signals and functions, including an on/off control or trigger function T (Fig. 2). This
trigger control finction is typically realized in the form of one or more electrical or pneumatic
drive signals that instruct the spray gun 4 to turn on and off. The trigger control T will take an
appropriate voltage/current waveform in relation to the type of spray gun 4 being controlled. A
typical coating system may include multiple spray lines and each spray line may use one or more
Spray guns at one or more spray stations. More than one type of spray gun may be used in the
various spray lines or even within a single spray line. Diffe;‘ent gun types typically have
different drive signals. Thus, the trigger signal T is a generic reference to the timing signals and

associated drive signals or waveforms that cause the spray gun to turn on and off at selected
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times. The trigger signal T may be generated by an appropriate control circuit, such as, fér
example, a gun control circuit as described herein below, or other suitable control circuit.

Each spray line may include one or more spray machines S. Each spray machine S
typically includes a spray machine control system-E. The spray machine control system E
typically is realized in the form of a PLC or other suitable programmable control circuit. The"
control system E controls a spray time window F (also see signal 270, Figs. 9 and 10) when the
control system E has positioned a can for a coating operation and is rotating the can via the drive
D. The spray machine control system E may be realized, for example, as an electronic circuit 1n “
the form of any programmable digital or analog control circuit. Other control systems I;owever;
including mechanical controls, may be used in appropriate applications. The control functions C
of the spray machine control system may include control of the spray applicator 4, the drive
mechanism D (Fig. 1) and a supply 20 (Fig. 2) of material to the spray applicator 14. The supply
20 may be realized in the form of any of a wide variety of pump supply systems, for example,
well known to those skilled in the art or later developed.

In the exemplary embodiments, each spray machine S includes two spray guns 4 and two
drive systems D. Note that Figs. 1 and 2 only illustrate a single gun and drive mechanism for
clarity.

Fig. 1 'illustrates an exemplary spray machine S comprised of the star wheel 1 supporting
a number of workpieces W such as cans 3 generally facing opposite a spray gun 4. A spray
machine S may include only one coating station such as shown in Fig. 1 or may include two or
more coating stations each having a star wheel and spray gun. Each can 3 has an open end, and a
c.losed end that is supported on a rotating vacuum chuck 10 (Fig. 2). InFig. 1, one can at a ﬁme
is in the spray position opposite to the gun (also referred to herein as in the spray ‘pocket’). The
star wheel 1 sequentially indexes the cans into the spray position opposite the gun. We use the

terms ‘can in pocket® and ‘can in position’ interchangeably herein (and sometimes abbreviated



10

15

20

25

WO 2007/133386 PCT/US2007/009725

-12-

CIP), with the intended meaning in both cases to be a reference to the workpiece being in a
correct position opposite a spray gun or other coating material applicator for a coating operation.
With reference to Figs. 1 and 2, the star wheel 1 may have a number of vacuum chucks 2
s‘upporting;r the cans 3, with one can 3 at a time positioned opposite the spray gun 4. The star
wheel 1 with each of the vacuum chucks 2 is rotated or indexed by a shaft 5 connected to a motor
7 so as to position the next can to be coated opposite the spray gun 4. In addition, each vacuum
chuck 2 includes a driven member 17 (like a pulley wheel for example) that is rotated by a belt
and motor o‘r.o‘t‘her’suitable drive mechanism (not shown). A:vacuum line 8 is connected from a

vacuum source 19 (Flg 2) to each vacuum chuck 2 so that the force resulting from the vacuum

. suction is used to secure or hold the can to its respective chuck 2. According to one of the

inventive teachings of the preéent disclosure, a vacuum sensor 9 is provided to monitor the
vacuum level at &e vdcuum chuck 2 to ensure that there is enough vacuum induced pressure to
properly secure the can to the rotating chuck.

In addition, the rotating chuck 2 may be provided with metal or other suitable speed
targets 10 that rotate past an optional speed sensor 11 that monitors or detects the speed of the
rotating chuck to ensure that the chuck 2 and the can 3 are rotating at a proper coating speed.
Many alternative arrangements and techniques may be used for the speed sensor, including
optical sensors, magnetic sensors and so on. The speed sensor 11 output thus may be a signal
that varies with the speed of the chuc;k, or may include circuitry that outputs a signal indicating
whether the detected speed is within an acceptable range, or any other suitable speed indicating
signal as the case may be for a particular control system design. The speed detection may be
performed while a can is present in the spray pocket, or when outside the spray pocket.

A can-in-position or can-in-pocket (CIP) sensor 12 monitors the presence of a can in the
spray position and an optional gun—in—positio'n sensor 13 ensures that a spray gun is in the proper

position for spraying the can during a coating operation. For example, for a manually operated

gun positioning arrangement, after the spray gun is properly positioned on a suitable support
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structure, a proximity sensor 13 or other suitable detecior may be positioned so as to detect the
properly positioned gun. Thereafter, if the gun position changes, the sensor 13 output will
change to indicate the gun is no longer in its correct position for a coating operation. As another
alternative, if an automatic gun positioning arrangement is used -- such as a robotic arm for
example -- the associated motor or motor control may output a signal when the gun is properly
positioned, or a proximity sensor may still be used. An optional safety guard sensor 14 ensures
that the safety cage G has been positioned and/or locked around the spray machine before it
begins to rotate to protect any operator in the area.

In all cases of the monitored conditions, many different techniques and arrangements--far
too many to list--may be used to generate signals for the can-in-poéket, gun-in-position, vacuum
acceptable, speed related signal and guard-in-position conditions.

Although the exemplary embodiments herein illustrate a vacuum chuck, there are many
other known ways to secure the cans to the drive mechanism D or star wheel 1, including clamps, -
electromagnetic devices and so on. The inventive concepts herein are not necessarily limited to
the use of a vacuum chuck, but rather a more general concept of monitoring or detecting that a
can to be sprayed is being adequately held in place, however that determination may be made.
Furthermore, the concept below of a coating operation control sigpal may be implemented based
on monitored conditions that do not include a vacuum chuck or the holding force of the can on
the star wheel.

Although the gun in position sensor, the speed sensor and the guard in position sensor are
noted as being optional, in some applications the CIP sensor and the vacuum sensor may also be
optional. In other words, one of the inventive aspects of the disclosure is to provide a control
signal for a coating operation that is used to indicate that the system is ready to spray (“RTS”), or
in other words a good-to-go’ (“GTG”) coating operation controi signal 22. The good-to-go or
ready-to-spray coating operation control signal thus functions as a go/no-go indicator to an

operator and/or a control circuit that various selected conditions are okay to allow a coating
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operation to begin. The selected conditions may be chosen based on overall requirements for a
particular application, and in general will typically relate to those conditions that if not
acceptable should inhibit a coating operation or at least result in a warning indication of some
suitable format. In the exemplary embodiment, the CIP condition and the adequate vacuum
condition are the chosen minimum conditions that must be acceptable since these conditions can
significantly affect the quality of the applied coating material. However, in many situations the
speed condition, guard position and gun position may also be deemed important enough to form
part or all of the criteria for the go/no-go control signal. In other applications, the CIP and/or
vacuum conditions may be deemed optional. Thus, the. developed control signal 22 may be
based on these exemplary conditions, a subset thereof, or additional and different monitored
conditions as a matter of design choice.

The characterigation of the control signal 22 as being a £0/no-go type signal is merely one
exemplary embodiment in which the control signal 22 may be used to enable or inhibit a coating
operation. In other embodiments, the control signal 22 may simply issue a warning signal of
some suitable format (such as a warning light, buzzer, screen icon and so on) that indicates to the
operator that there is a faunlt condition in one or more of the selected conditions being monitored
to generate the control signal 22. The control signal 22 therefore is more generally to be
understood as developed from a multifunction set of input conditions and an output state that
indicates whether there is a fault or other abnormality condition in one of more of the input
conditions. The control signal 22 may be used to automatically inhibit a coating operation on a
can by can basis, to inhibit a coating operation if the fault condition persists past a pre-selected
number of coating operations, or may provide an indication or warning to the operator, allowing
for the operator to decide whether to inhibit or continue with a coating operation. |

The speed sensor 11 produces an output signal 11a that may be a signal that simply
indicates whether a minimum acceptable speed is detected, or may be an actual speed based

signal that is then interpreted by other circuits in the system to determine if the speed is within an
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acceptable range for a coating operation. The vacuum serisor 9 produces an output signal 9a that
may be a signal that simply indicates whether a minimum acceptable vacuum is detected, or may
be the actual vacuum based signal that is then interpreted by other circuits in the system to
determine if the vacuum j 1s within an acceptable range for a coating operation. The CIP sensor 12
generates a s1gnal 12a that 1ndlcates whether a can is in position for a coatlng operation. | The gun
in position sensor 13 produces a signal 13a that indicates whether the spray gun 4 is in position
for a coating operation, and the guard position sensor 14 produces a signal 14a that indicates
whether the safety device 14 su_ch as a protective cage is in position for a coating operation

The signals from these five sensors 9, 11, 12, 13 and 14 (or more or less as the case may
be based on system design) are input into a multifunction spray machine monitor circuit 15. The
multiﬁmctién machine monitor circuit 15 may execute a wide variety of monitor and control
functions for the system S, or in a simplified embodiment may receive the monitored condition
signals, such as from the five sensors described herein for example, and produce the control
signal 22 output to a control circuit such as, for example, a spray monitor circuit module 18. In
accordance with an inventive aspect of the present disclosure, the multiﬁmction machine monitor
circuit 15 may execute, monitor and control one or more functions associated with the system S
locally, rather than having those functions controlled from a remote or distant location such as
over a network.

For example, in one embodiment the monitor circuit 15 may be used to locally regulate
the base pressure of the coating material for the spray gun 4 as a function of 2 commanded base
pressure that is part of a coating operation recipe. Alternatively, the monitor circuit 15 may be
used to regulate back pressure at the source 20 pump regulator, for example. In another
embodimenf, the monitor circuit 15 may locally regulate temperature of the coating material for
the spray gun 4 based on a commanded temperature that may be part of a coating operation
recipe. Still further, the monitor circuit 15 may monitor the conditions from the condition

sensors and generate the go/no-go control signal 22. Alternatively though, the control signal 22
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may be generated in any circuit within the over system S. Other local control functions may be
executed as needed for particular systems S. For example, as described further herein below, a
remote display (Fig. 7) may be provided to allow an operator to observe coating operation
conditions and parameters while the operator is physically near the machine, rather than having
to be possibly in a more remote location. Because the monitor circqit 15 is preferably used for
local control and monitor functions, it is contemplated that in a preferred but not required
embodiment the monitor circuit 15 will be physically located in fairly close yet practical
proximity to the spray machine S, such as in an electrical box mounted on or near the spray
machine. This arrangement, for example, can be particularly useful for pressure regulation and
the remote monitor functions, and minimizes or reduces interface wiring. Typically, there will be
a multifunction monitor circuit 15 at each spray machine. Each circuit 15 may operate for a
single gun spray machine, or in the case of the exemplary embodiment of Fig. 8 operate for two
spray guns per spray machine, although such circuits may alternatively operate for more than two
spray guns.

Although it is noted that a single circuit arrangement may be used to implement the
various local control and monitoring functions herein, this is not intended to imply that a single
circuit must be used. Separate circuits and controllers may be used as required for the various
functions of the monitor circuit 15 or various functions may be combined into a single controller.
For example, the control signal 22 in one embodiment may be realized in the form of a simple
AND logic function that can be realized in any circuit located anywhere convenient, or as part of
a more complex control circuit 15 or 18. The control signal 22 may alternatively be developed as
a software signal for example. Thus, for the various control and monitor functions herein, the
actual implementation and form of the circuits, signals and controls may be software, hardware, a
combination thereof, or otherwise largely a matter of design choice based on the overall design
criteria of the system. Therefore the words ‘circuit’, ‘system’, ‘signal’ and ‘control’ should be

very broadly interpreted to include any form of fealization of these features including software,
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hardware or a combination théreof as the case may be. In one embodiment, the spray monitor
circuit 18 may be, for example, an iTrax™ system noted herein above, with the monitor circuit
15 being an add-on feature or module to such a system.

If the appropriate inputs are received from all five sensors indicating that the system is
ready to spray (in other words, none of the input signals being monitored indicates a fault
condition), then the monitor circuit 15 outputs the control signal 22 in a first state indicating that
the machine is ready to spray (a GTG or RTS signal). This state of the control signal may thus
be used as an enable signal to permit a coating operation to proceed. If one or more sensors do
not provide an appropriate signal to the monitor circuit 15 (in other words, at least one or more of ’
the signals being monitored indicates a fault condition), then the control signal 22 will be output
from the monitor circuit 15 in a second state indicating the machine is not ready to spray. This
state of the control signal may thus be used as an inhibit or disable signal to prevent a coating
operation from proceeding. Alternatively, the second state may be used as a warning or to
generate an appropriate warning to the operator that a fault condition has been detected, whether
or not the control signal second state is used as an automatic coating operation inhibit function.

Accordingly, one of the inventive teachings of the present disclosure, is that a customer
can select that a can will not be sprayed with coating unless the can is securely held to the chuck,
is rotating at the proper speed and is in the right position for a coating operation, and unless the
spray gun is in the right position as well with the safety cage secured around the machine. These
sensors, or any subset thereof, or other sensors as needed, help to ensure that certain of the
problems that can cause cans to be improperly sprayed are detected before the cans are sprayed
with coating material. Thus, these sensors, alone or in combination with the multifunction spray
machine monitor 15 improve the control capabilities of the spray monitor system 18 such as an
iTrax™ gystem.

With reference to Fig. 3, the multifunction spray machine monitor circuit 15 may be used

to provide electrical power to the various sensors, and to receive the output signals therefrom.
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The monitor circuit 15 generates the multifunction control signal 22 based on the received sensor
signals. In the exemplary embodiment, the control signal 22 is hard wire input to the spray
monitor circuit 18 (such as an iTrax™ system, for example). Alternatively, the control signal 22
may be sent to any other control circuit or function that shuts down the spray machine when one
or more of the monitored conditions is at fault, and/or issues a warning signal as described above.
In the embodiments herein, the spray monitor circuit 18 includes power relay contacts (Fig. 9)
that open and shut off the associated spray machine S if the control signal 22 is a false (indicating
a fault condition exists). Altematively, spray machine shutdown may be effected by a different
control circuit or a different technique. Still further, spray machine power contacts may also be
provided with the monitor circuit 15 itself,

With reference to Fig. 1A, we show a system level functionai block diagram of a spray
machine monitor and control system embodiment 200 such as may Be used, for example, with the
spray machine S of Figs. 1 and 2. Fig. 1A is illustrated for a single spray machine, it being
understood that additional monitor control systems may be added to the network bus as required
for a complete spray line or multiple spray lines.

The basic system of Fig. 1A may be an original build, or may be a modified system based
on a previously installed or available system such as an iTrax™ system.

In Fig. 1A, and also see Fig. 8, a computer or controller 108 may be provided as an
operator interface, such as a personal computer for example. The computer 108 stores or may be
used to input one or more recipes that an operator may select based on the type of coating
material to be applied and the type of work piece W. A recipe may be used on a single spray
machine, multiple spray machines, a single spray line, multiple spray lines and so on. A typical
recipe may include a variety of parameters such as, for example, coating material base and fire
pressures, gun trigger timing, flow rates, temperature, rotation speed and so on. The PC 108
communicates with the control system 200 over a suitable network, such as a CAN network 112.

A suitable USB to CAN converter 110 may be used as needed. Recipes may also be created or
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modified via one or more of the modules 202, such as, for example, the spray monitor circuit
module 18.

Also communicating with the network 112 ére one or more modules 202. Each module
202 may receive all or a portion of a particular recipe that will be executed by the associated
spray machine. In the Fig. 1A embodimeﬁt, each spray machine has an associated spray monitor
circuit module 18, gun control circuit module 204 V and a multifunction spray machine monitor
module 15. For spray machines having two spray guns or spray stations, additional gun control
circuit modules 204 may be added to the network 112. Alternatively, a single gun module may
contain circuitry for multiple spray guns in the spray machine.

It is important to recognize that Fig. 1A, as well as the other system block diagrams
herein, are exemplary and intended to show functional relationships. The drawings do not
necessarily imply or require a specific physical embodiment of the various circuits. For example,
the block diagrams herein are based on a configuration that may be used to modify or add
functionality to an existing system such as an iTrax™ system. But such need not be the case, and
the physical embodiment of, for example, Fig. 1A may be realized with an original build. Thus,
various functions may be carried out by different modules, either those shown or others, or a
module type system would not be required in all cases, but for example, a single circuit system
could be connected to the network. An advantage of a modular system is that it allows a designer
to choose what functionality is to be included in a particular system, and also allows for ease of
expansion to a larger system.

Recipés or portions thereof may be downloaded or transferred from the PC 108 to each
module 202 as need be. In the example of a system enhancement, the PC 108, converter 110,
CAN network 112 and one or more spray monitors 18 may be part of a pre-installed iTrax™
system. Alternatively, these portions may be provided as part of a new installation.

The spray monitor circuit 18 may include spray machine power control relay contacts 206

that open when the spray monitor circuits 18 determines that the spray machine should be shut
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down. For example, the spray monitor circuit 18 receives the control signal 22 (GTG or RTS)

from the multifunction spray machine monitor circuit 15. If the control signal 22 indicates the
spray machine is not ready, the spray monitor circuit 18 may hold the contacts 206 open until the
fault conditions are fixed. Operator overrides may also be provided if so required. The spray .
monitor circuit 18 also receives a pressure signal 46 from a pressure regulation and controller
circuit 42 (Figs. 4 and 5) that relates to base and/or fire pressure of the coating material at the
spray gun. The spray monitor circuit 18 may interrupt the spray machine via the contacts 206 if
an out of range pressure condition is detected. The spray monitor circuit 18 may also use the
pressure signal 46 to provide a real time gun sﬁray duration feedback signal 208 to the gun
control 01rcu1t 204 as will be more fully described below to determine true spray duration in real
time. The spray momtor may also receive a gun trigger signal \210 from the gun control circuit
204 so that an operator can visually note if the spray gun is firing correctly, and compare that to |
the actual spray duration time. The gun trigger signal 210 in one embodiment is a digital signal
that reflects the on and off times that the gun control circuit 204 commands the gun to operate for
a given coating operation. In other words, it may be a digitized version of the actual drive signal
sent to the spray gun 4 by the gun control circuit 204 for a coating operation. Thus, the real time

spray duration feedback signal 208 is the actual spray duration produced by the gun during a

coating operation in response to the gun trigger signal 210. The subsequent gun trigger signal

210 (for the next coating operation) corresponds to the actual drive signal for the next coating
operation and reflects compensation based on the real time spray duration feedback. The spray
monitor may also monitor flow parameters based on the received pressure signals.

The gun control circuit module 204 may be used to generate appropriate gun drive signals
212 as well as to adjust the trigger and drive signals to achieve the commanded spray duration
based on the real time feedback si gnal 208. The gun control circuit may also be used to operate a

clean spray gun operation.
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In addition to the control signal 22, the multifunction spray machine monitor circuit
module 15 may be used to carry out pressure regulation and temperature control as will be
described below.

Still another module 202 may be a remote display 70 (Fig. 7) as will be further d?sqribed
below. The remote display 70 for example may be u;ed to display the same data that is placed on

the bus 112, but at a location proximate the spray machine. In the exemplary embodiment, the

. remote display 70 communicates via the multifunction spray monitor 15, but alternatively may

communicate through different modules or directly to the bus 112 as represented by phantom line
214 in Fig. 1A.

The computer 108 may also be used for data logging information placed on the bus 112
by any of the modules 202. As done, for example, with the iTrax™ system, the computer 108
may also be used for module configuration and system calibration processes as required.

In order to achieve good can coating, it is also necessary that the coating material be
properly supplied or delivered to the spray gun 4. Two of the primary factors in the nature of the
coating material for good coating operations are the pressure and tefnperature of the coating
material. We have found that good coating consistency and repeatability are achieved by
monitoring and regulating pressure of the coating material proximate the spray gun, with
optionally also including control of the temperature of the material. The local pressure control is
realized by monitoring the pressure of the coating material in or proximate the spray gun, rather
than at a more distant location in the fluid circuit. The exemplary embodiment of the monitor
circuit 15 in relative close proximity to the spray macﬁine is useful for also implementing a
locally 6ontrolled pressure and temperature profile of the coating material, although the pressure
and optional temperature monitoring and regulation may alternatively be performed by a separate
or different control system.

Fig. 4 shows an exemplary embodiment of a fluid circuit 30 that includes a fluid pressure

transducer 32 at the output of a fluid regulator 34 to monitor the pressure of the coating material
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being supplied to the spray gun 4. A separate fluid circuit 30 may be used for each spray gun in a

system or two or more guns may share a common fluid circuit as needed. The fluid circuit 30

may also include an air regulator 36 for the fluid regulator 34, as well as a bypass valve 38 for

~manual override of the air regulator 36. A pressure gauge 40 may be provided for visual

verification of the pressure of the material supplied to the spray gun 4 when in a manual override
mode-of operation. A pressure control circuit 42 may be provided that allows for local regulation
and control of the fluid pressure delivered to the spray gun 4, based on a commanded base
pressure 45, such as for example received from the spray monitor circuit 18. By base pressure is
meant the steady state pressure of the material suppliéd to the gun, and the fire pressure is the
fluid pressure when the gun is actually outputting material through a nozzle or other output
orifice. The spray monitor circuit 18 may receive the target (i.e., commanded) base pressure as
part of a recipe download. As will be described below, the spray monitor 15 may also adjust the
base pressure setting in relation to a wrap count. The pressure control circuit 42 locally controls
the fluid pressure supplied to the gun 4 by adjusting the air pressure delivered to the fluid
regulator 34 based on the sensed fluid pressure (in the form of signal 43) from the first pressure
transducer 32. The manual override is provided, for example, in case the control circuit 42

should fail. The operator can use the bypass valve 38 to manually adjust the output pressure as

_ read from the manual gauge 40.

The control schematic of Fig. 5 shows the incorporation of the hardware of Fig. 4in a
closed control loop for controlling the pressure of the coating material supplied to the spray gun
4. In Fig. 5, the fluid pressure transducer 32 of Fig. 4 is referred to as pressure sensor 1.
Pressure sensor 2 of Fig. 5 is a second fluid pressure sensor 44 inside the gun 4 or at close
proximity to the spray gun 4. By close proximity or proximate is simply meant that the gun
pressure sensor 44 is located in the fluid circuit sufficiently close to the gun so that its reading is

substantially the same as the fluid pressure inside the gun. The second pressure sensor 44 and
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sensor head mounting is shown in US Patent Number 5,999,106 that is hereby incorporated by

r@ference in its entirety.

The output signal 46 from pressure sensor 2 (actual gun pressure) may be input to the -
spray monitor circuit 18 and used to determine the regulated base: and/or fire pressure signal 47.
The spray monitor circuit 18 outputs the sensed pressure value 47 and also a commanded
pressure value 48 to the multifunction spray machine monitor circuit 15. In the exemplary
embodiment, this communication is performed over a network sﬁch as, for example, the CAN
network 112 or other suitable network or communication system. The monitor circuit 15
receives the commanded pressure value and sensed pressure value and through a conventional
sample, gain and offset circuit 50 (or other suitable error detection algorithm and circuit)
determines an error value or regulation signal 52 when the measured pressure in the spray gun
differs from the commanded pressure. This regulation signal 52 is input to the pressure control
circuit 42 where it is combined with the first pressure sensor output signal 43 so as to adjust the
regulator 34 output pressure to the gun until the pressure in the gun (as sensed by the second
transducer 44) is the same as the commanded pressure. In the exemplary embodiment of Fig. 5, a
conventional PID control loop 54 may be used, but alternatively other closed loop control
functions may be used. In this way, the fluid pressure at the gun is accurately and locally set and
maintained in a closed loop fashion.

While the local pressure regulation provides for more accurate and responsive pressure
regulation in the spray gun, the exemplary embodiment also allows other optional advantages to
be realized. By using the spray monitor circuit 18 to issue the commanded pressure as part of a
supervisory control loop, internal security functions within the overall control system (such as an
ITrax system for example) better ensures that only authorized pressure changes are made. The
system however may be provided with an electronic override knob adjustment when necessary
since the spray monitor circuit 18 will typically include a visual display for the operator.

Communication between the local pressure regulation function 42 and the spray monitor circuit
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18 and the PC 108 over a network (116 in Fig. 8) or through other data links also facilitates data

display and logging of the actual pressure in the spray gun 4.

With reference to Fig. 5A, the pressure regulation concepts of the present disclosure are
illustrated with reference to a fluid circuit 250 for supplying fluid to a spray gun 4, The spray
gun 4 typically includes a nozzle 252 through which coating material M is dlscharged ata typlcal 1
flow rate Q. The spray gun communicates with a main flow Q through a controlled orifice plate
254. The second or gun pressure sensor 44 detects fluid pressure between the controlled orifice |
plate and the nozzle. When the gun is off, the sensor 44 measures the base pressure-256, and
after the gun turns on this pressure drops to a fire pressuré 258. There are iftherent tirn ”o':_n‘ an}d:“'j ‘
turn off delays between the trigger or drive signal 260 and the actual spray duration represented
by time X. In addition to or as an alternative to regulating the pressure at or proximate the sp.ray
gun, pressure regulation may be implemented at the back pressure regulator 262 associated with
a pump 264 for supplying coating material to the spray guns, using a third pressure sensor 266.

The ability to command and locally regulate the coating material pressure in the spray
gun, also permits a.supervisory range control function or process to be executed for improving
wrap coating quality. An exemplary process includes the spray monitor circuit 18 determining a
wrap number that is based on the rotation speed of the workpiece and the actual spray time
duration X. The faster the speed, the higher the number of wraps for a given spray duration
(spray duration being indicated by the known actual gun on and off times). The slower the
rotation speed the lower the number of wraps for a given spray time duration. Typically, the
spray monitor 18 will have a range for an acceptable wrap number for the various recipes. If the
system determines that the wrap number is low, the system may command an increase in the base
pressure at the gun (locally regulated as described herein above with respect to Figs. 4 and 5),
and if the system determines that the wrap number is high, it can command a lower base pressure
at the gun. In this manner the spray monitor 18 or other control circuit can actively control the

spray weight of the coating material as the rotation speed varies (or for example as temperature
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varies when active temperature control is not used.) Thé pressure changes for wrap number may
be automatically implemented or the system could send a message or request for the operator to
decide whether to approve the pressure change.

Fig. 6 illustrates the gun fluid pressure sensor 44 connected by an armored cable 60 to a

spray gun 4 that may be used with the present inventions. The spray gun 4 is preferably but not

'necessarily an electrically operated spray gun such as a MEG gun available from Nordson

Corporation and shown in US Patent Number 5,791,531 which is incorporated herein by

reference in its entirety. According to another inventive aspect of the present disclosure, a

‘ tempefaturé sensor 62 may be disposed adjacent or near to the pressure sensor 44 to sense the

temperature of the coating material in the gun 4. The temperature sensor 62 ‘may be, for
example, a conventional RTD type sensor although other temperature sensors may be used as
required. The wires associated with the temperature sensor 62 may be routed through the
armored cable 60 with the wires for the pressure sensor 44. Si gnal conditioning circuitry for the
temperature sensor output signal may conveniently be provided in the amplifier section 64. The
coatingj temperature value 66 (Fig. 8) provided by this sensor 62 may be used to control a
conventional h:cater\chiller 68 (Fig. 8) in the fluid circuit, or other temperature adjusting system,
to raise or lower the temperature of the coating material as necessary. A closed loop control
function such as a PID control loop may also be used for the closed loop temperature control. By
closed loop controlling the temperature of the coating material at the spray gun, the viscosity of
the coating material is maintained within the desired range to help to ensure that the spray pattern
produced by the spray gun is satisfactory for coating the can. Monitoring and controlling the
temperature in the spray gun or proximate to the gun enhances the local pressure regulation as
well since pressure will vary with temperature of the coating material, and the spray monitor
circuit 18 may adjust the recipes based on the detected temperatures. By monitoring and

controlling the pressure and temperature of the coating material at the gun, the spray monitor
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circuit 18 can verify that the material delivery systeni is properly operating for a coating
operation.

While the pressure regulation function is preferably done locally so as to provide faster
real time closed loop contr.ol of the material pressure at the spray gun 4, temperature of the
coating material typically changes at a slower rate than pressure. Therefore, the closed loop
temperature control function may if desired be executed in the spray monitor circuit 18 rather
than having a local control loop in the spray machine monitor control circuit 15, although the
latter may be done as an alternative. For existing systems this allows the temperature control
loop function to remain in place, but adding in the feature of monitoring the actual coating
material pressure at the gun. In such an embodiment, the command and control signals for
controlling the heater/chiller unit 68 may communicate over the network since closed loop
response time is slow compared to local pressure regulation.

Fig. 7 shows a remote display 70 inventive feature of the present disclosure. To
understand the benefits of this feature it is necessary to understand that there may be a
multifunction spray machine monitor circuit 15 for each spray machine S and there may be
several multifunction spray machine monitor circuits 15 communicating with a single primary
control circuit computer that is monitoring the operation of several spray machines in a can
manufacturing facility. It may be useful in some applications to have information concerning the
operation of the spray machine right at the spray machine for the operator to observe. However,
it is cumbersome to attempt to put the primary computer at the spray machine and of course a
single computer cannot be located at several spray machines. Therefore, the display shown in
Fig. 7 is connected to t'he multifunction spray machine monitor circuit 15 to display some of the
values detected by the monitor circuit or to display operational information accessible to the
monitor circuit 15, and the remote display 70 may be positioned at or proximate to the spray
machine so that the operator can monitor parameters and operation of individual spray stations.

Up and down switches 72, 74 of the remote display may be provided to scroll through menus
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presented on the screen 76, such as for example, coating material fluid pressure in psi, bar or kpa
(kilopascals) at the spray gun 4, coating material temperature at the spray gun 4 in F°
(Fahrenheit) or C° (centigrade) , speed of the rotating can in rpm (e.g. chuck speed) or production
rate of the spray machine in cpm (cans coated per minute).

A toggle switch 78 may be provided, for example, to switch between spray machines.

For example, in the exemplary embodiment, two spray stations (e.g. two star wheels and two
spray guns) may be monitored using a common monitor circuit 15. (see Fig. 8). A units button 80
may be used to allow the operator to select the units 82 listed on the side of the display.
Providing the abilit.y to display this information at each spray machine through a remote display
such as the one shown in Figure 7 is highly advantageous to the customer. Because the machine
monitor circuit 15 communicates over the network bus to the primary control circuit 18, the
information and data displayed on the remote display 70 advantageously is the same data that is
being sent to and logged by the primary control circuit 18.

As an alternative embodiment, the remote monitor 70 need not be a dedicated monitor
hardwired into the local electronics of the monitor control circuit 15. For example, the remote
monitor may be part of a laptop computer or other portable device that has a monitor and that has
a wireless connection to the monitor circuit 15, such as, for example, a WiFi or Bluetooth™
connection.

Fig. 8 illustrates an exemplary architecture for an overall system 100 such as may be used
with the various inventions herein especially but not necessarily in cooperation with a pre-
existing system such as an iTrax™ system. Internet or other network or communication access
may be provided by any suitable system 102 such as an ISP connection 104 to a customer or user
Ethemet hub 106. A remote client computer 107 may be provided for additional user interface
locations, but such remote clients are to be distinguished from the remote display 70 that
preferably is located at or proximate a spray machine. A suitable computer 108 (for example, the

computer in Fig. 1A) may be used with a conventional USB to CAN network interface 110 to
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allow a user to communicate with one or more spray monitor circuits 18 (three such circuits are
represented in Fig. 8). Although a CAN network is shown in the exemplary embodiments, any
suitable communication system may be used for a particular system. Since there may be
typically two spray gun stations for each spray machine, sensor inputs and other control and
monitoring functions associated with two spray guns 4a and 4b are shown connected to-a single
multifunction spray machine monitor 15 (note in Fig. 8 the details for only one of the spray
monitor circuits 18 interfacing to a machine monitor circuit 15 is shown). Digital Display 1 may
be a first remote display 70a like the example iﬁ Fig. 7 provided with respect to one gun of the
spray machine at any convenient location close to the spray machine. Pressure Regulator 1 (42a) -
represents the pressure control loop 42 that produces a feedback signal 46a similar to the
feedback signal 46 provided by the closed loop control system 42 of Fig. 5. This feedback signal
46 may be input to the spray monitor 18 over the network. Spray Machine First Pocket 4a
represents the sensor inputs from a spray machine, when used, from the vacuum sensor,
rotational speed sensor and can-in-pocket sensor for one gun of the spray machine. Although not
shown, the sensor readings for the gun-in-position sensor and safety guard sensor may also be
provided when used. The temperature sensor value 66 from the spray gun (as explained with
respect to Fig. 6 herein) may be provided and a control signal would be provided that is sent over
the CAN network 112 via the multifunction spray machine monitor 15. The temperature control
command 67 to the TCU 1 (temperature control unit 1) to control the temperature of the coating
material may be received from the spray monitor circuit 18, also over the CAN network 112.
Similar connections and interfaces are provided for the second spray gun that is monitored by the
monitor circuit 15. The spray monitor 15 may be used to shut down the spray machine if
pressure and/or temperature of the material are unacceptable or out of range.

As also illustrated in Fig. 8, and especially but not exclusively in the case of a retrofit
scenario, a CAN to CAN buffer 114 may be used to interface the machine spray monitor circuit

15 to the CAN bus 116 that communicates with the spray monitor circuits 18 and the PC 108.
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The buffer 114 functions as a repeater or buffer to creaté an isolated network, so that if a fault
occurs in one or more of the monitor circuits 15 or other modules, the spray monitor circuits 18
will be isolated and still able to control and monitor operation of the spray machines.

In the exemplary case of Fig. 8, the coating operation control signal 22 (e.g. aready-to-
spray RTS or Good-to-Go GTG signal) is sent from the multifunction spray machine monitor
circuit 15 directly to the spray monitor circuit 18, such as for example through a direct (i.e. non-
network) hardwired or wireless or other suitable connection. There may be a separate control
signal 22 for each spray gun, although alternatively a single cont}'ol signal 22 could be based on
all of the sensor inputs from both spray stations. A direct connection may be preferred in some
cases where the reliability of the signal is not to be dependent on the network functionality or
speed. In some alternative embodiments, however, the control signal 22 may be transmitted
across the network. In addition, the spray monitor circuit 18 receives or generates a trigger signal
T (Fig. 2) to trigger the spray gun. Ifboth the trigger signal and coating operation control signal
22 are present, the can in position is sprayed. There are at least two other possible scenarios in
the exemplary embodiment:

1. “You were asked to spray but not ready.” Under this scenario the tri gger signal is present

but there is no control signal 22. At the user’s option, production can be stopped and a

spray machine alarm fault message can be generated to indicate a problem with the spray

machine can feed (for example, no can-in-pocket signal), vacuum or rotational speed, or
that the gun is not in position or safety cage is not closed.

2. “You were ready to spray but not told to spray.” Under this scenario, a control signal
22 is present, but there is no trigger signal. The system can stop production and generate a spray
machine timer alarm fault message.

The monitor circuit 15 thus provides monitoring of selectable conditions to generate a

coating operation control signal. The proximate location of the monitor circuit 15 to the machine
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stations also facilitates local pressure and temperature control and regulation of the coating
material for the spray guns.

With reference to Figs. 9 and 10, in accordance with another inventive aspéct of the
disclosure, the gun control circuit or module 204 operates to adjust the gun on/off times and also
may optionally selectively generate drive signal voltage and current wave forms in relation to the
type of spray gun being' used. The timing parameters preferably are based on the real-time fluid
pressure feedback signal 46 from the spray gun pressure sensor 44. = |

The fcedbaék signal 46 is ideally represented in Figt 5A and the agtual -spray duration
time X can easily be determined from this sighal in real time. F6r exainple, a simple threshold
detector circuit may be used to detect the transition events between the base and fire pressure
levels. Other techniques may be used to derive the spray duration time from the real time
pressure signal 46. In the exemplary embodiment, the signal 46 is input to the spray monitor
circuit 18, which may include the spray machine shutdown contacts 206 that open if the pressure
signal 46 indicates the material pressure is out of acceptable range.

The spray monitor circuit 18 generates a real time gun trigger signal 210 that corresponds
to the actual spray duration of the spray gun for the last completed firing. The spray monitor
circuit 18 may also receive a trigger monitor signal 208 from the gun control circuit 204. This
trigger monitor signal 208 corresponds to the trigger or drive signal that the gun control circuit
204 uses to actually drive the spray gun on and off. Thus, the spray monitor 18 may compare or
analyze the commanded trigger times with the measured actual spray duration time to verify the
gun drive circuit and spray gun are operating properly.

The gun control circuit 204 receives the real time spray duration feedback signal 210 and
can adjust the gun drive signal 212 timing as ap;;ropriate for the next gun spray cycle so as to
produce the desired actual spray duration. This closed loop control 308 based on real time spray

duration feedback improves accuracy of the wrap number count and accuracy of the coating
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weight, particularly in combination with the optional expert sysfem pressure adjustment
described hereinabove.

The gun control circuit 204 may receive different gun drive signal profiles 205, s;uch as
for example during recipe download and configuration from the operator interface computer 108
over the network 112. The gun control circuit 204 can thus pattern the gun drive signal 212 for
the specific type or model spray gun it is controlling.

Note in Fig. 9 that also shown or represented is the spray machine S, having associated

with it a PLC or other controller that controls an overall spray time window 270. This window

"270 may be realized, for example, by a combination of various timing requirements, such as, for

example, the CIP signa] and the star wheel index so that a spray window only opens when a can
is in position, indexed and rotating for a coating operation. Thus, the trace 270 is not necessarily
an actual signal but generically represents the spray time window as controlled in part by the
spray machine work piece controlling functions. The gun control circuit 204 may also be
provided with shutdown contacts 272 that shut off the spray machine if the spray duration time is
out of range. Alternatively, warning signals may be generated or used in combination. In one
embodiment as in Fig. 9, the gun control circuit contacts 272 may be in serieé with the spray
monitor circuit contacts 206.

Some spray guns 4 include cleaning mechanisms 300 (Fig. 2) for the spray nozzles to
keep the nozzles free from buildup of the coating material. The gun control circuit 204 may"
further be configured to control the cleaning mechanism 300 as appropriate with a clean spray
control signal 274. Fig. 12 illustrates a control circuit 500 that may be used in systems that
incorporate clean spray technology. Tﬁe spray gun 4 responds to a first control signal 502 for a
coating operation, and a second control signal 504 for a clean spray operation during which the
nozzle may be clean of contamination and residue. A logic AND gate 506 along with a first
logic inverter 508 produces an first output 510 that can only the clean spray signal 504 is true and

the coating control signal 502 is false. Any other condition of the signals produces a low output
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510 so that a cleaning operation is prevented or locked out if there is also a coating control signal
502 present. Similarly, when the coating control signal 502 is true, an output 512 is produced to
permit a coating operation by the spray gun, and a cleaning operation is inhibited because the
first output 510 is false. Thus, the control circuit 500 assures that the spray gun may be operated
in a cleaning mode or coating mode but cannot be accidentally operating in both modes at the
same time, thus in effect providing a lockout function of the cleaning mode when a coating mode
control signal is received.

The gun control circuit may also be configured to prevent an operator from attempting to
program spray gun operation that is outside the capabilities of the gun. For example, if an
operator tries to fire a gun more quickly than it can function and still apply a good coating, the
gun control circuit may interrupt the spray machine or lock out the requested change.

All of the control functions, monitoring functions and operation of the various modules
described herein may be realized using well known hardware and software design criteria, or
others later developed.

Fig. 10 illustrates an exemplary control scheme for closed loop control of the actual spray
duration time. In this example, the first spray cycle 400 produces an actual spray duration 402.
This actual spray duration time 402 may then be used to adjust the next cycle spray duration
times output 404 -- for example shortening or lengthening the gun turn off edge 406 as
appropriate -- to achieve the desired spray duration 408 on the next cycle. In Fig. 10, trace A
represents a typical maximum spray time window cycle for a spray machine. Trace B represents
a typical gun trigger or drive signal that turns the spray gun on and off within the allotted window
of trace A. Trace C in a simplified manner illustrates how the actual spray dupation (actual time
period that coating material is applied to a work piece) can vary from the control signal of trace B
based on gun on and off delays, for example. Trace D illustrates in an idealized manner a typical

pressure signal 46 from the spray gun pressure sensor 44, and trace E represents a timing signal
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that may be derived from the pressure signal 46 and used to adjust the drive signal 212 on the

subsequent cycle (represented by the feedback line 410 in F ig. 10).

With reference to Fig. 11, another advantage that may optionally be derived from the
modular concept, is a dalsy chain Wmng concept that may significantly reduce time, labor and
complexity of wiring a system in the field. In Fig. 11, three gun control modules 430 432 and
434 are shown. In other embodiments, two gun control circuits were discussed since the
exemplary spray machine only used two spray guns. But other spray machines may use more

than two spray guns. In a modular design that uses multiple gun control modules to drive the

spray guns, various signals 435 used by the gun control modules may be common. For example,

the gun control modules will all use the CIP signal, an index signal (which indicates the star
wheel position, spray duration times, power, ground and so on. Since the gun control circuits
430, 432 and 434 all respond to or interface with the same spray monitor circuit 18, there is an
opportunity to simplify wiring by providing a daisy chain between the gun control modules such
as for example with a ribbon cable 436. The modules may be arranged in a master/slave
configuration (for example, in Fig. 11 the gun control 1 may be the master and the others the
slaves) so that a shift register or similar timing scheme such as execﬁted in software may be used
to control when data on the ribbon cable is valid for which module in the chain. A time
multiplexing scheme may alternatively be used. This daisy chain approach reduces wiring to
each individual module. It may also be implemented with other modules used in the overall
system.

The inventions have been described with reference to the exemplary embodiments.
Modifications and alterations will occur to others upon a reading and understanding of this
specification. It is intended to include all such modifications and alterations insofar as they come

‘within the scope of the appended claims or the equivalents thereof.
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CLAIMS

Having thus described the invention, we claim:

1. Control for a can coating machine, said control comprising:

a position sensor that produces a first signal that indicates whether a can is in position for
Vcoat'ing,

a second sensor that produces a second signal that indicates whether there is sufficient
force holding the can in position for coating, and

a circuit that generates a coating operation control signal based on said first and second
signals, said control signal indicates a coating operation may be performed when said first signal
indicates a can is in position and said second signal indicates sufficient force holds the can in
position. |

2. Tile control circuit of claim 1 wherein said second sensor detects vacuum pressure
of a vacuum holding the can in position for coating.

3. The control circuit of claim 1 wherein control signal comprises a ready to spray
signal that is input to a control system of a can coating machine.

4, The control circuit of claim 1 comprising a speed sensor that produces a third
signal that indicates the can is rotating at an acceptable speed for a coating operation, said control
signal being based on said first, second and third signals, said control signal indicates a coating
operation may be performed when said first signal indicates a can is in position, said second
signal indicates sufficient force hjolds the can in position, and said third signal indicates
acceptable rotation speed of the can.

5. The control circuit of claim 1 or 4 comprising a gun position sensor that produces
a fourth signal that indicates a spray gun is in position for a coating operation, said control signal
being based on said first, second, third and fourth signals, said control signal indicates a coating

operation may be performed when said first signal indicates a can is in position, said second
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signal indicates sufficient force holds the can in position, said third signal indicates acceptable
rotation speed of the can and said fourth signal indicates the spray gun is in position.

6. The control circuit of claim 1, 4 or 5 comprising a guard position sensor that
produces a fifth signal that indicates a safety device is in position for a coating operation, said
control signal being based on said first, second, third, fourth and fifth signals, said control signal
indicates a coating operation may be performed when said first signal indicates a can is in
position, said second signal indicates sufficient force holds the can in position, said third signal
indicates acceptable rotation speed of the can, said fourth signal indicates the spray gun is in
position and said fifth signal indicates the safety device is in position.

7. A control signal for a can coating operation, the signal comprising:

a first state that corresponds to enabling a can coating operation to be performed, and a
second state that corresponds to inhibiting a can coating operation to be performed, wherein the
signal transitions from said first sfate to said second state when the following conditions are true:
a can Is in position for a coating operation, and adequate force is holding the can in position for a
coating operation.

8. The control signal of claim 7 whereiﬂ said first and second states are generated
first and second distinguishable voltage levels.

9. The control signal of claim 7 wherein the signal transitions from said first state to
said second state when the following two conditions are true: 1) a can is in position for a coating
operation, 2) adequate force is holding the can in position for a coating operation, and one or
more of the following conditions are true; can is rotating at an acceptable speed, a spray gun is in
position, a safety device is in position.

10. The control signal of claim 7 wherein the signal is in said second state when either
or both of said conditions is not true.

11. The control signal of claim 1 or 7 wherein said control signal is generated for each

can processed by a coating machine.
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12. A control system for can coating machine, wherein a fluid circuit supplies coating
material to a coating device, said coating device 'havi'ng a first pressure transducer which
generates a first pressure signal related to the pressure of the coating material proximate the
coating device, said fluid circuit including a regulator and a second pressure transducer which
generates a second pressure signal related to the pressure of the coating material after it flows
through said regulator to the coating device, and a pressure control system that uses said first and
second pressure signals to regulate the pressure of the coating material supplied to the coating
device.

13, The control system of claim 13 wherein said coating device comprises a spray
gun, said pressure control system reéeives a commanded pressure and regulates the pressure of
the coating material proximate the spray gun to said comrnanded pressure.

14. The control system of claim 13 wherein said commanded pressure is an input
received over a network.

15. The control system of claim 12 further comprising a temperature sensor for
sensing the temperature of the coating material proximate the coating device, said temperature
sensor generating a temperature signal, said temperature signal being input into said pressure
control system.

16. The control system of claim 14 comprising wrap number means for determining a
wrap number based on can rotation speed and coating device spray time, said wrap numbel:
means adjusting said commanded pressure based on said determined wrap number.

17. A combination pressure sensor and temperature sensor assembly for a coating -
device comprising a pressure sensor and a temperature sensor mounted together in a sensor head
which is adapted to be secured to a coating device.

18. A remote display for a can coating system, said remote display connected to a first
control system that monitors and controls operation of one or more spray machines of the can

coating system over a network, said control system having at least one monitor that displays
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operational characteristics of the can coating system, the remote display operable to selectively
display coating material pressure, coating material temperature, rotational speed and/or
produc:tion rate in number of cans produced per unit time, said remote display being disposed in
c}ose proximity to said spray machine.

19. The remote display of claim 18 comprising a second control system that

" communicates with said first control system, wherein circuitry within said second control system

recelves signals from one or more of a vacuum sensor, speed sensor, can-in-position sensor and
gun-in-position sensor, and wherein said second control system circuitry is contained within an
electrical box, said electrical box being moﬁnted adjacent said spray machine.

20. The remote display of claim 19 wherein said second control system communicates
with said remote display, said remote display displaying one or more screens of information, one
of said screens of information including information on the number of times a can is rotated
while a gun is spraying coating material on the can and the spray pressure of the coating material
being sprayed on the can.

21. A control signal for a can coating operation, the signal comprising:

a first state that indicates a good to go condition prior to performing a can coating
operation, and a second state that indicates a fault condition prior to performing a can coating
operation, wherein the control signal transitions from said second state to said first state when the
following conditions are true: a can is in position for a coating operation, and adequate force is
holding the can in position for a coating operation.

22. The control signal of claim 21 wherein the signal is in said second state when
either of said conditions is false.

23. A control system for a coating machine having a rotating workpiece holder upon
which a workpiece is secured for a coating operation, said control system comprising a sensor
that operates to detect rotational speed of the workpiece holder, said sensor generating a signal

related to said rotational speed.
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24, The control system of claim 23 wherein said sensor signal varies with speed of
said workpiece holder.

25. The control system of claim 23 wherein said sensor detects movement of targets
that rotate with said workpiece holder.

26. The control system of claim 23 comprising a circuit that receives said sensor
signal and generates a speed error signal when the speed is outside a predetermined range.

27. The control system of claim 23 wherein said coating machine is a can coating
machine that includes a spray gun and said workpiece holder comprises a vacuum chuck.

28. A control system for a coating machine that includes a coating device, said control
system comprising a gun in position sensor that generates a gun in position signal when the
coating device is in position for a coating operation.

29. The control system of claim 28 wherein said coating device comprises a spray gun
and said coating machine operates to apply a coating material to a can.

30. The control system of claim 28 wherein said gun in position sensor generates an
error signal when the coating device is not in position for a coating operation.

31. Control system for a can coating machine that includes a coating gun, comprising:

a pressure sensor that detects pressure changes of coating material in the coating gun for a
coating operation and generates a pressure signal related thereto, and a circuit that receives said
pressure signal in real time and determines spray duration based on said pressure signal, the
control system adjusts at least one of a gun turn on and a gun turn off time for a subsequent
coating operation as a function of said spray duration time of the preceding coating operation.

32.  The control system of claim 31 wherein said pressure signal has a first state that
corresponds to base pressure in the gun before the gun is turned on, and a second state that
conesponds to fire pressure in the gun after the gun is turned on, said circuit determining spray

duration as a function of transitions between said first and second states.
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33. The control system of claim 31 wherein the control system adjusts gun turn off

time for a subsequent coating operation in response to said determined spray duration time.

34, The control system of claim 31 wherein the control system generates a warning or
machine shutdown signal when a gun trigger parameter is programmed or attempted to be
programmed that is outside the operational capability of the coating gun.

35. A control system for a can coating machine, comprising:

a plurality of coating guns that are turned on and off for a coating operation, said coating .
guns operating in response to respective drive signals provided by a plufality of gun control
circuits, each of said plurality of gun control circuits being disposed on its own separate gun
control module, and a daisy chain interconnection for signals to and from said gun control
modules.

36. A method for controlling spray duration of a spray coating gun, comprising:

detecting pressure changes in the spray gun when the gun turns on and off during a
coating operation in response to a control signal, using said pressure changes to determine a
spray duration, and adjusting the spray gun control signal for a subsequent coating operation
based on said spray duration.

37. Gun control circuit, comprising:

a first control signal that turns a spray gun on and off for a coating operation,

a second control signal that turns a clean spray operation on and off to clean the spray gun

nozzle, and a circuit that prevents said clean spray operation when a coating operation is active.
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