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(57) A powder spray coating system has a controller configurable to a variety of different system configurations.
Configuration data 1s keyed by an operator from menu prompts and stored for use by a microprocessor based operating
program to operate the supply of powder and air to a powder spray gun. The microprocessor also presents information
from monitored parameters of the system, mncluding the supply air dew point which 1s monitored to provide warning
signals of potential condensation 1n the system. Dew point detection 1s accomplished by measuring temperature and
relative humidity and comparing the measurements with values for air at the maximum acceptable dew point.
Alternatively, measurement of absolute humidity and supply air pressure are used to compute the dew point of the air
which 1s compared with the actual temperature and maximum dew point temperature.
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Abstract of the Disclosure

A powder spray coating system has a
controller configurable toc a variety of different
system configurations. Configuration data 1i1s keyed
by an operator from menu prompts and stored for use
by a microprocessor based operating program to
operate the supply of powder and air tc a powder
spray guh. The microprocesecr also:presents '
'information‘frcm monitored parameters of the
system, including the supply air dew'point which 1is
monitored to provide’warhing signale of potential
condensation in the system.j Dew point detection is
accomplished by measuring temperature and relative
humidity and comparing the measurements with'values
_fcr.air at the maximum acceptable deﬁ point._'
Alternatively, measurement of absclute humidity and
-eupply air pressure'are used to ccmpute the dew
poiht of the air which is compared with the actual

- temperature and maximum dew point temperature.
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The present invention relates to powder

coating systems and, more particularly, to powder

the air in such systems.

Background of the Invention: "

Powder coatlng systems are systems in

which coatlng is deposzted upon a substrate or

-article in the form of a powder and the dep051ted

powder is then heated so that it will flow and
harden on the surface of the substrate or article
belng coated It 1s generally conventlonal in such
systems to in]ect an electrostatically charged air-
borne fluidized powder into an enclosure or séoth
containing the product to be coated with an
electrostatic potential applied between the powder

and the object to electrostatically attract the

powder onto the substrate surface.
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In such a system, the pressurized "shop

air" from the facility is typically passed through

an air dryer which reduces its dew point, initially
at least, to, fér example, approximately 38’? at
the shop air pressure. This partially dried supply
air is then fed from the dryer through an air
supply line and through various solenoid valves
which are operated to control the distribution of
air to various pérts of the poﬁdef coatihg.s?stem.
For example, the supply air is used to fluidize
powdexr from a bulk'powder supély;whichultimately
is transported to the powder spray booth. Supply
air is also used to pump the fluidized powder to a
cyclone and sieve which removes air from the\
powder, cleans the powdér and drops it into a feed
hopper. Supply air is also used to pump the
fluidized powder from the feed hopger to a spray
gun. In addition, the control of?the air-to-powder
ratio supplied to the gun is achieved by air
suppliéd through a pair air lines as the fluidized
‘mix.is transferred out of the feed.hopper.
Additionally,'air is provided to a -
transfer pump mounted on a recycle hopper which is
located at the bottom of the spray booth to
transfer oversprayed powder, which does not adhere

to the object being coated, out of the recycle

hopper. The transfer pump transports the powder
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collected in the recycle hopper to the cyclone and
sieve for cleaning and redeposition into the feed
hopper so that it can be recycled to the spray gun.
Powder sprayed from the gun which does
not adhere to the product, referred to as the
oversprayed powder, is removed from the air in the
powder booth and deposited into the recycle hopﬁer'.
by a bank of cartrldge filters which are
perxodlcally pulsed by high pressure alrﬁalves*
controlled by a timer device. Durlng pulsing, hlgh
pressure air is blown in the reverse direction into
the cartridges to knock the powder'off the outside
of the cartridges which causes the powder to fall

into the recycle hopper so that it can be returned

to the feed hopper for reuse.

In powder coating systems, it is possible
for the dew point of the supply air to rise to the
point where water can condense ouﬁjof the air being
utilized in the system, Condensatlon in the
various alr llnes of the system can cause a poor.

quality flnlsh on the product and clogging of the

cartridge filters.

Prior art systems have been ineffective
in preventing such condensation or in providing
adequate advance detection of the conditions under

which such condensation is likely to occur.

Consequently, there is a need for a system for
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detecting the occurrence of condensation in a

powder coating system or the conditions under which

condensation is likely to result.

Furthermore,'control'of the powder
coating systems has been traditionally carried out
through the use of various separate control devices
having digital.and;analog inputs and outputs which

connect with various valves, servos, sensors and

' switches of the system to control, in a semi-

automaticmanner, the operation of the systen.
This prior art practice requifes custom engineéring
and special configuration of each control system to
conform to the Characteristics of the particular
system, and accordingly, désign of the éontrgls for
such systems have been necessarily specific to the
systems in which they are employed. Consequently,
the use of sophisticated controlle;s has been
confined principally to the largef sCale systems.
Therefore,,there is'also a need to

provide flexible controllers for use in diverse

powder coating systems which do not require custom

design.

Summary of the Invention:
It is therefore an objective of the

present invention to provide a system for

monitoring and/or controlling powder coating
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systems which is adaptable to systems of various

arrangements and designs.
It is a further objective of the present
invention to provide a powder coating system and a

control for use with powder coating systems which

will monitor the humidity or dew point of the

system supply air and respond to certainjmonitoredi-*:l."

conditions with an alarm'or'with'corrective action.
In'aééordéhceﬁithpriﬁcipieé'of tﬁe
present ‘invention, there is provided a powder
coating system controller which inclﬁdes a
ﬁicroprogessor for controlling the operation of
powder céating‘systems of various confiéurations,
and which is capable of implemeﬁting.a plurality of
program options. The controller includes an eﬂtry
device such as a keyboard for selecting from among

various program options to operate the various

system configurations.

By providing a controller which can be
¢onfigured to suit a variety of systems, a
controller is provided which renders practical the
option of providing for small and medium scale
powder coating systems a sophisticated controller
heretdfore only practical in a complex and
expensive systen.

In accordance with other principles of

the present invention, there is provided a powder



10

15

20

25

° 9023000

coating system in which parameters of the system
supply air are monitored for computation of its dew
point and action is taken in response to the
monitored parameters to warn of condensation
conditions within the powder coating system so that
corrective action can be taken such as repair or
replacement of air dryers, or shutdown of the
system, before condensation occurs.

In“eeeordaﬁeeiﬁith ohe“preferred‘M ‘
embodiment of the present invention, the
temperature and relative humidity of the air
entering. the system are monitored and a compﬁtatien
is made from the monitored value of temperature to
determine the relative humidity of the air required
to produce a dew point equal to_the'preset limit
of, say, 50°F. Then the computed humidity for S50°F
dew point air is compared with the measured
reletive humidity of the incomingieir. If the
actual humidity exceeds that for the 50°'F air, a
signal is‘generated to initiate an alarm or\
correetive action..

In accordance with an alternative -
preferred embodiment of the present invention, the
temperature, absolute humidity and pressure of the
incoming air are monitored and the actual dew point
of the air entering the system is computed. Then

the computed dew point is compared with the
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measured temperature and with a preset maximum dew
point temperature and the information is either
displayed to the operator, and, or in the
alternative, an alarm is activated or corrective
action initiated such as air dryer replacement or
repair, or system shutdown, if the dew point is
highe:;than eitherétheqactual-temperature or the
preset limit. '

Byproviaing a poﬁder coating e§steoeﬁith
the ability to sense and signal conditions whereby
the dew point of the supply air is too high to -
safely avoid condensation of:waﬁer.in the system,
an advantage heretofore unaﬁailable in the prior
art 1s provided which solves the critical problems
set forth above of.filter clogging and coating

imperfections caused by condensation.

Description of the Drawingsz

The above and other objectives and
advantages of the present inventioh'ﬁill be more
readily.apparent from the following detailed
description of the drawings in which:

Fig. 1 is a schematic diagram of a powder
coating system controlled in accordance with
principles of the present invention.

Figs. 2A, 2B are a flow-charts of the dew

poiht monitoring feature of the system of Fig. 1 in
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accordance with alternative preferred embodiments

of the present invention.

Fig. 3 is a flow chart lllustrating one

of the programmed operations of the systemn of

Fig. 1.

Fig. 4 is a block diagram 111ustrat1ng

the menu selectable functlons of the system of

Fig. 1.
‘Fig. 5 is a'draﬁing of é‘ébnfrbl panél ofﬂ‘:
the system of Fig. 1.

Referring to Fig. 1,'a‘powder coating
system 10 according to a préferréd embodiment of
the present invention is i1llustrated. The system
10 includes a powder spray booth 11 in which a
manufactured part or other product 12 which forms a
substrate or article to be coated is supported on a
conveyor. While in the‘booth 11, .a coating ié
deposited upon the product 12 in the form of a
powder which is then heated to cause it to flow and

harden on the substrate surface.

The powder is sprayed into the booth from an
electrostatic spray gun 14 which electrostatically
charges the powder so that it is electrostatically

attracted to the surface of product to be coated,
which is maintained at ground potential in the

illustrated embodiment. The gun is operated under

the control and power of a master control and power
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unit console 15 which is connected to the gun 14
through an electrostatic cable 16.

The air which fluidizes the powder
sprayed from the gun 14 is the ambient air or "shop
air" from the facility as represented by the block

20 in Fig. 1. This shop air is a pressurized air

.supply.andwis supplied through a line 21 to an air

dryer 22 where it is dehumidified and exhausted
with a dew poznt of approxzmately 38 F, at shop.eir.'.
pressure, through a dryer outlet duct 23 which is
cennected to an air distribution and flow control
panel 25. Air is distributed from the'controi
panel 25 through a plurality of eolenoid valves
(not shown) to various ¢omponents of the powger
coating system.

From the air control panel 25, air is
provided through a conduit 26 to a fluidizing
plenum 27 at the base of a bulk powder unloader 28.
A bulk unloader such as the type ehown in U.S. Pat.
No. 4,505,623 could also be used. The powder is.
fluidized in unloeder.za so that it can be pumped
into the sYstem 10 by a transfer pump 29 which‘is'
also supplied with'air from the coutrol panel 25
through an air line 31 connected between the pump
29 and the line 26. Alternatively, a separate air

line could be provided between panel 25 and pump

29. The fluidized powder is transferred by the

.':‘:f;'.
VR
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transfer pump 29 through an air line 32 connected

sieve unit 34 on the top of a feed hopper 35. The

unit 34, separates air from the powder, cleans the

transferred fluidized powder and drops it into the

feed hopper 35.

The-feed,bopper,35"also.has en air plenum " --.

36 in its base to which air is direct;y'supplied
through'an'ait line 37 from the”panel’zs eo thet..
the powder dropped into it is maintained.in.
fluidized state for pumping to a pewder spray gun
14, A pgwder pump 39'is'supported on the top of
the feed hopper 35 and has air inlets connected to
feed lines 43 from the master control and power
unit 15 to which supply air is provided through air
line 44 from the air contrel panel 25. The pump 39

operates to transfer powder out of the feed hopper

36 and varies the air-to-powder retio in the

powder-air mixture supplied to the spray gun 14

through a pump outlet line 46 from the pump 39.

Feed hopper 35 also includes level
sensors 47 and 48. These level sensors are, -in the
preferred embodiment, Model LSM 1700 Series
Vibratol® Level Sensors available from Endress
Hauser, Inc. of Greenwood, Indiana. Sensor 47 is a
high level sensor which generates a digital signal

to indicate that the hopper 35 is filled. Sensor
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48 1s a low level sensor which generates a digital

signal to indicate that the level of the feed
hopper 35 is low requiring the ' addition of powder.

A recycle hopper 50 is also provided in

the system 10 at the bottom of the spray booth 11
to reclaim and recycle oversprayed powder from the
booth 11. The hopper 50 is provided with a
transfer pump 51 located in ltS base and having an
air inlet connected through llne 52 to the‘alr
control panel 25. The powder in the recycle hopper
S0 may also be fluidized prior to transfer through
pump 51 by means of a fluidizing plate and air
plenum (not shown) located at the bottom of the
hopper 50. The transfer pump 51'has an outlet
connected through line 53 to an inlet of the
cyclone and sieve unit 34 on the hopper 35 to
transfer overspravyed powder, which.does not adhere
to the product 12 being coated, back into the
system 10 for recycling. At the cyclone and sieve
34, the recycled powder 1s separated from the alr,
cleaned, and redeposited into the feed hopper 35
from which it is'fed‘again to the gun 14 with the
fresh powder from line 32. '

Removal from the air of the oversprayed
powder at the powder booth 11 is achieved by
exhausting the air through a bank of cartridge

filters 55. An exhaust fan assembly 57 draws the
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alr from the booth 11 through the filters 55,
blowing it through a final filtexr 58 to exhaust
back to the atmosphere. The filters 55 are
periodically pulsed with high pressure air jets in
reverse direction to knock the powder off the
outside of the filters 55 from which it can fall
into the recycle hopper 50.

Control of the system 10 is p:qvided.byia_
microprocessor based controller 60 which includes a
microprocessor 61, to which are connected a
keyboard 62 and a display or'méﬁitor 63, a logic
board 64 and a digital'interface 65. The logic

board 64 has a digital data cable 66 connecting it

with the microprocessor 61, another digital .cable

67 connecting it with the digital interface 65, and
a set of analog input cable ports 68 ¢onnected from
transducers (later described) of the system 10.

The interface has a set of digitai'inputs 70
connected to various switches and digital output
devices of the system 10 and a set of digital
outputs 71 connécted to various switches, solenoiés
and relayé of the system 10.

Analoq inputs to the logic board 64 are
provided by two transducers, a temperature sensor
75 and a relative'humidity sensor 76. Both sensors
75,76 are located in the supply air line 23 to

measure the temperature and relative humidity
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respectively of the air from the dryer 22 to the air
control panel 25 from which it i1s distributed to the
system 10. A third analog input of the logic board 64
1s connected to a Model No. 264 Very Low Differential
Pressure Transducer 77 avallable from Serta Systems,
Inc. of Acton, Mass. The transducer 77 1s positioned
at the inlet of the final filter 58 in the exhaust fan
assembly 57. If the pressure 1n the assembly 1s too
low, the condition indicates that either the final
filter has been removed or the fan 1s not operating
properly. If the pressure 1s too high, then the
condition indicates that the cartridge filters 55 are
leaking, or that fine particles are passing through the
cartridge filters 55, causing the final filter to clog.
FEach of the transducers 75, 76, and 77 produces an
analog signal output which is transmitted to the logic
board 64 by way of the analog inputs 68. The logic
board 64 includes an analog to digital converter which
converts the temperature, relative humidity and final
filter pressure analog signals to digital signals for
processing by the microprocessor 61. A non-volatile
storage medium or memory (NVRAM) 69 is included 1in the
controller 60 and connected to the microprocessor 61

for storing configuration data to be used by the

program and controls.
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The digital inputs 70 of the digital

14

interface 65 include such digital sensors of the
syétem 10 that it is desirable to provide or that
may be provided in the system to monitor the
condition of various of its functions. These
include, for example, a conveyor status switch, a
fire status switch, an emergency stop sensor, a
sieve door interlock switch, an air supply on
switch, a féﬁ‘éésembly pfesence'dete¢£or iimit
switch, feed hopper high'and low level limit
switches and motor overcurrent switches; Similarly,
the digital outputs 71 are such signal lines as may
be neéeSSary to control the relays; solenoids,
motors and other digital functions of the system
10. These include a sieve motor on/off control, an
exhaust fan on/off control, a pair of oscillatbr
on/off controls, a bulk unloader solenoid, a
fluidizing air solenoid, and a reéYcle air
solenoid, and a jet.pulse valve solenoid for each
cartridgé filter'SS. Each digital output energizes
one of the motors or solenoids of the system 10 as

described above.

Fig. 2A is a flowchart of the program
loop whichimplements one preferred embodiment of
the dew point monitoring feature. In accordance
with this embodiment, the controller periodically

reads the intake air temperature T and the intake
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air relative humidity R from the dryer. These
values are sensed in the form of analog signals
input from the sensors 75,76 to the logic anrd 64
and there converted to digital signals which are

comnmunicated to the microprocessor 61. From the

temperature reading T, the microprocessor program

| computeS'the'corresponding value of relative

humidity H for air at the temperature T if the dew -

point of the air were at the preset limit S whiéh;

for example, is set at 50°F. The computed relative
humidity H for 50°F dew point air is computed.by
numeric approximation according to the formula:

H = 425.284721 - 10.331257 T + .08983 T?

- 2.714809x107% T° .

The monitored relative humidityR'is then compared
with the computed relative humidity H and, if
greater, an alarm is sounded indicating'that the

dew point of the air must be greater than the

preset 50°F dew point temperature S.

In accordance with the alternative
preferred embodiment of the dew point monitoring

feature of the present invention'represented-by the

flowchart of Fig. 2B, the absolute humidity A of

the intake air is measured along with the air
pressure P. From these values, the program

computes directly the dew point D of the supply air

according to the formula:
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D = 1.8893 B° + 30.579 B + 79.047

where B = 1n [P / (1 + 0.62198/A))

This computed dew point D is then displayed
directly along with the maximum acceptable dew
point temperature setting S and the actual measured
air temperature T. It is also compared with both
values and,'if,thehdew point D excéeds eitherfthe-'-”;
setting S or the actua15t¢mperature T, an élarm.is,
triggered.

The flowchart of Fig. 3 illustrates the
operation of one configuration of a pbwder addition
portion of a powder cbating system of Fig. 1.
Generally, there are three commoh types of powder
addition schemes which are used tomaintain\;he
level of powder in the feed hopper 35 (Fig. 1):
systems with no bulk unloader, systems with a bulk
unloader from which new powder is.gdded'along'with
recycled powder, and systems with a bulk unloader
in which new powder is added only when no
oversprayed powder is available to recycle. In
addition, various other operating parameters, such
as time delays, may differ for systems of different

configurations.

As the flowchart of Fig. 3 illustrates,
and referring to the elements of Fig. 1, as the

system 10 runs, a time delay interval is awaited

and then a sensor in the powder feed‘hopper 35 1is
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sensed. If the powder level in the hopper 35 is
not low, the program loops until it receives a
signal that additional powder is needed. When
additional powder is required, configuration data

stored in non-volatile memory 69 is interrogated to

determine whether the system 10 includes a bulk

unloader 28.

If no bulk.unloader is spec1f1ed 1n the

conflguratlon data stored in memory 69 a feed air
solenoid is activated to turned on the feed air for

a maximum time interval set by a duration timer.

This timer sets a maximum interval,during.which-the, o

operator is expected to add powder. If the

is further checked to determine whether the system
1s configured so that new and recycled powder

should be added together or separately. If the
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configuration data in memory 69 specifies that the
new and recycled powders are to be added together,
then the feed air is turned on, the bulk unloader
air on line 26 is turned on and level sensor 47 in
the feed hopper 35 1s monitored to determine

whether the hopper is filled within the interval

set by a duration timer. If so, the air supplies

are turned off, the timers reset and control

returns to await a further demand for poﬁéef by thé ‘
hopper. If the time interval lapses without the
hopper being filled, an alarm is sounded for

operator_ attention.

- If the configuration data from memory 69
indicates that the system.is confiqgured for\\
separate or séquential adding of recycléd and new
powder, then feed air is turned on, a duration
timer started and, if the hopper f;lls with
recycled powder before the timer éXpires, the feed
alr is turned off and no feeding of new powder will
take'place. Thereupon, the timers will‘be_reset,
and control will return to await a further demand.
for powder by the hopper 35. If the interval timer
explres before.the hopper is filled (indicating
that there was insufficient recycled powder
available in the recycle hopper 50) then the bulk

unloader air is turned on, a duration timer is set,

and 1f the hopper fills during the interval set by
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the timer, the bulk unloader air is turned off, the

timers are reset and the control returns to await a

further signal for powder by the hopper 35. If the

10

15

20
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interval expires before the hopper is filled
(indicating that there is insufficient powder in
the unloader to fill the hopper), the alarm is

sounded to alert the ope:ater.

The flowchart of Fig. 3 illustrates only

"ehe‘pottioh'ef a powder coating system control

operation which is subject to change in accordance

with the configuration ef_the system. The
configuring of the controller to accommodate
various system-eonfigurations is set forth in the
description of the menu tree of Fig. 4 below, ?rom
the description of this example and the.desc:iption
of the menu diagram of Fig. 4 below, one skilled in
the art will appreciate how the system
configuration data relates to otheraspects of the
control of various powder coating systems.

The mend-tree and floﬁchart of Fig. 4
shows the options which may be set, and the
information entered, by the operator at the
keybeard 62.(Fi§s. 1 and 5). As Fig. 4 shows, upon
start-up, a self test is performed of the
controller hardware and a prompt is displayed on
the display 63 (Fig. 1) requesting entry of an

optien by the operator, as will be more readily
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understood by reference to the drawing of Fig. 5
illustrating a panel 90 which contains the display
63 and the keyboard 62. Referring to Fig. 5, four
function keys are provided, one for selection of
each of four modes: MANUAL, PROGRAM, RUN and FAULT.
In addition, two other modes are selectable by
pressing two keys simultaneously. These are the
DIAéﬁQSTICS‘dee, selected by pressing_the‘MANﬁAL
and PROGRAM kéyé.tdgether; and the CONFIGURATION
mode selected by pressing the PROGRAM and RUN keys:

together.

. Selection of any of the six modes causes
the display of the menu options repreéented by the
boxes indented to the first level in the chart of
Fig. 4. For example, in the CONFIGURATION mode,
four options, CLOCK, SYSTEM, POWDER and PASSWORD
are displayed. In the configuratign mode, however,
before the menu options are displéyed, a password
must be'entered as indicated by the box beneath the
CONFIGURATION box on the chart éf Fig. 4. The
password is enﬁered as a number on the numeric keys
on the kéyboard 62 of Fig. 5. The prompts for the
menu will be’displayed on the display 63 of the
panel shown in Fig..S. Selection of the menu
options is made by curser movement only which

causes a curser to move among and highlight the a

menu entries on the display, and then by selection
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of the highlighted entry by pressin
on the panel 90.

To set the parameters of the powder
addition operation depicted in the flowchart of
Fig. 3, the POWDER option is selected on the
CONFIGURATION menu. The selection of the POWDER
option causes the menu to display optioné for
selecting the powder‘ADDITION configuration and for
setting the START-UP delay. When the ADDITION
option is selected, three options are displayed on
the display 63, the RECYCLE-THEN-BULKLOption,'the
RECYCLE+BUILK option and the NO BULK option, any one
of which Aay be selected. When selected, the
configuration data representing the selection is
stored in the memory 69 for use‘by the program when
the operation is run. The ADDITION options are as
explained in connection with the description of the
flowchart of Fig. 3 above. Wheh.fhe START-UP DELAY
option is selected; the current setting is
displayed numerically on the display_63'and the
cursor movement keys are used to increase (the UP.
or RIGHT arrows) or decrease (the DOWN or LEFT
arrows) the valﬁe;from that set.

' Other options may be set in the
CONFIGURATION mode. For example, under the SYSTEM
configuration option, the NUMBER OF FILTERS option

displays a default setting of, for example, 20
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filters to be increased or decreased by the use of
the arrow keys. The setting of the number of
filters, together with the delay and duration timer
settings, determines the duty cycle of the reverse
Jet pulsing valves. The system includes checks to
insure that the system is not Programmed to produce
a duty cycle in excess of the maximum recommended
duty cycle for‘the valves. Similarly, the NUMBER

OF OSCILIATORS of the spray'gun must be specified

'in the CONFIGURATION mode. The oscillators are

reciprocating gun holders located in the spray
booth. Also, whether or not a sieve is provided in
thé system may be specified by selecting the SIEVE
option. 1In the OVERRIDE portion of the program,
minor non-required fault shutdowns may also be

disabled. Such configurations are stored as data

in the memory 69.

In addition to the CONFiGURATION modes,
selections may be made on the panel of Fig. 5 from
the menus described under the other mode selections
shown in Fig. 4. For example, in the MANUAL mode,
independent control of EXHAUST START/STOP,
OSCILLATOR #1 START/STOP, OSCILLATOR #2 START/STOP,

SIEVE START/STOP, RECYCLE AIR START/STOP and BULK

AIR START/STOP may be made by utilizing the

Keyboard in conjunction with the display as



10

15

20

25

2202300

described above. THis is useful when trouble

shootlng system problems.

Similarly, various changes in program
parameters, for example, the various timers, may be
made by selecting the menu options illustrated in

Fig. 4 under PROGRAM mode. Under the RUN mode,

jprogram.START/STOPrmay be selected to run the
'sysfem,under the program and the OSCILIATOR #1

'ON/OFF, OSCILLATOR #2 ON/OFF and BULK AIR ON/OFF

may be separately activated or tu:ned off. Under
the RUN mode, a PROGRAM option may be sélected to
change progfam optionS‘(thbse illustrated'under the
PROGRAM mode in Fig. 4) while the system is
running. In addition, while in the RUN mode, a
STATUS option may be selected to display the status
of FINAL FILTER DIFFERENTIAL pREssURE, SUPPLY AIR
RELATIVE HUMIDITY, SUPPLY AIR TEMPERATURE, BULK
UNLOADER ON OR OFF status, oschLATOR #1 ON OR OFF
status, RECYCLE AIR ON OR OFF status, and SIEVE ON
OR OFF statué. For the embodiment of the dew pbint
monitoring option of Fig..ZB above, options for
display of ABSOLUTE HUMIDITY, DEW POINT
TEMPERATURE, ACTUAL‘TEMPERATURE and other
parameters may also be provided.

In the DIAGNOSTICS mode, various tests

may be selected as illustrated under that mode in

J
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Fig. 4. Error messages may be displayed in the

FAULT mode.

In view of the foregoing description, it

can be appreciated that the system of this
invention provides powder coating system users of
systems of numerous variations with a single
control package which can control ail such systems.
through programming.of the'control on site.
Heretofore;'as eXpléinéd above; controi of sﬁch“
systems has only been achieved through separate and
diversely located control devices throughout the
system which were configured to each particular
system. Moreover the user, by means of this
invention, is now proVided'with-means for detecting
condensation or the approach of condensation within
the system.to permit repair or.replacement of air

dryers, or system shutdown before:.condensation

ocCcurs.

While various embodiments and features of
the invention have been described, those skilled .in
the art will recognize that variations and
additions to those features and functions can be
made within the scope of the invention. The
invention is'therefore intended to be limited only

by the scope of the appended claims.
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE PROPERTY
OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

1. A powder coating system having air therein for fluidizing

powder and comprising:
a powder coating device operable to dispense fluidized

powder coating material;

a fluidized powder feeding device connected to said
coating device, operable to receive powder coating material and
to feed fluidized powder to said coating device;

a plurality of air flow control devices each connected to
at least one other device and operable to deliver a flow of air
thereto;

a controller including a programmable microprocessor, a
storage medium, data entry means for receilving input data from
an operator, display means for communicating output 1information
to an operator, a plurality of control signal input ports, a
plurality of control signal output ports, and means
interconnecting said microprocessor, storage medium, data entry
means, display means, and ports for communicating data and
other information therebetween;

a plurality of electrical sensors connected to different
ones of said devices and each connected to one of said input
ports and operable to monitor a parameter of the system and
communicating information relating to the monitored parameter

to said controller;
said plurality of sensors including means for measuring

the humidity of air in said system;

a plurality of electrically responsive elements each
connected to one of said devices and to a one of said output
ports, and each operable to control a function of the system 1in
response to a control signal from said controller;

said controller including program means for receiving from
an operator through said data entry means and storing in said
storage medium configuration data corresponding to a plurality
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of different combinations of devices of which the system 1s
comprised;

said program means including means for generating control
signals on said output ports in one of a plurality of different
programmed combinations, each combination of signals being
automatically selected in accordance with the different stored
configuration data; and

said program means also including means for comparing
information related to the humidity of air in said system with
criteria related to the dew point of air in said system and for
generating an output signal responsive to the information
related to the humidity of the air in said system.

2. The system of claim 1 wherein:

said plurality of sensors comprises means for measuring
the temperature of air in said system and humidity measuring
means measures the relative humidity of the air in said system;
and

said comparing means includes means for calculating the
relative humidity of air of the measured temperature which has
a predetermined dew point.

3. The system of claim 1 wherein:

said plurality of sensors including sensors for sensing
the pressure of air in said system and the absolute humidity of
the air in said system; and

said comparing means includes means for calculating the
dew point of the air in said system.

4, The system of claim 1 wherein said controller further

comprises means for displaying dew point comparison information
to an operator on said display means.
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5. The system of claim 1 wherein:

said controller further comprises means for prompting
configuration selection information to the operator on salid
display means, and

said data entry means including keyboard means actuatable
by an operator for communicating configuration selection

information to said microprocessor.

6. The system of claim 1 wherein said storage medium includes

a non-volatile memory.

7. A powder coating system comprising:
a powder coating device operable to dispense fluidized

powder coating material;

a fluidized powder feeding device connected to said
coating device and operable to feed fluidized powder to said
coating device;

at least one air flow control device connected to at least

one other of said devices and operable to deliver a flow of air

thereto;
means connected to one of said devices for monitoring the

humidity of air in said system; and

means connected to said monitoring means for comparing
information related to the humidity of air in said system with
criteria related to the dew point of air in said system and

generating an output signal in response to the information from

said monitoring means.

8 . The system of claim 7 wherein:
said monitoring means comprises means for measuring the

temperature of air in said system and means for measuring the

relative humidity of the air in said system; and
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said comparing means includes means for calculating the
relative humidity of air at the measured temperature and having

a predetermined dew point.

9. The system of claim 8 further comprising:
means for displaying the measured and calculated relative

humidity for comparison by an operator.

10. The system of claim 7 further comprising:
means for generating an alarm in response to the

comparison.

11. The system of claim 7 wherein:

said monitoring means comprises means for measuring the
pressure of air in said system and means for measuring the
absolute humidity of the air in said system; and

said comparing means includes means for calculating the
dew point of the air in said system from said measured pressure

and absolute humidity measurements.

12. The system of claim 11 further comprising:
means for displaying the calculated dew point and a

reference temperature.

13. The system of claim 12 further comprising:

means for measuring the temperature of the air 1n said
system; and

wherein said displaying means includes means for
displaying the measured temperature.

14. The system of claim 13 wherein:
said displaying means includes means for displaying the
preset dew point temperature for comparison with the calculated

dew point temperature.
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15. A method for monitoring the dew point of air in a powder
coating system comprising:

providing a powder coating device operable to dispense
fluidized powder coating material;

feeding fluidized powder to said coating device;

monitoring the humidity of air in said system; and

comparing information derived 1in said humidity monitoring
step with criteria related to the dew point of air in said
system; and

generating an output signal i1n response to i1nformation

obtained from said monitoring step.

16. The method of claim 15 wherein:

said monitoring step comprises the step of measuring the
temperature of air in the system and the step of measuring the
relative humidity of the air in said system; and

said comparing step includes the step of calculating the
relative humidity of air at the measured temperature and having
a predetermined dew point.

17. The method of claim 16 further comprising the step of:
displaying the measured and calculated relative humidity

for comparison by an operator.

18. The method of claim 15 further comprising the step of:

generating an alarm in response to the comparison.

19. The method of claim 15 wherein:

said monitoring step comprises the steps of measuring the
pressure of air in sailid system and measuring the absolute
humidity of the air in said system; and

sald comparing step includes the step of calculating the
dew point of the ailr 1in said system from said measured pressure
and absolute humidity measurements.
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20. The method of claim 19 further comprising the step of:
displaying the calculated dew point and a reference

temperature.

21. The method of claim 19 further comprising the step of:
measuring the temperature of the air in said system; and
said displaying step includes the step of displaying the

measured temperature.

22. The method of claim 21 wherein:
said monitoring step further comprises the step of

measuring the temperature of the air; and
said comparing step further includes the step of
displaying the measured temperature for comparison with the

calculated dew point temperature.

23. The method of claim 21 wherein:
said displaying step includes the step of displaying the
preset dew point temperature for comparison with the calculated

dew point temperature.

24. A powder coating system comprising:
a powder coating device operable to dispense fluidized

powder coating material onto an object;

a fluidized powder feeding device connected to said
coating device and operable to feed fluidized powder to said
coating device;

at least one powder handling device having an outlet
connected to said feeding device and operable to feed powder

coating material to said feeding device;
a plurality of air flow control devices each connected to

at least one of the other of said devices and each operable to

deliver a flow of air thereto;
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a controller including a programmable microprocessor, a
storage medium, data entry means for receiving input data from
an operator, display means for communicating output information
to an operator, a plurality of control signal 1input ports, a
plurality of control signal output ports, and means
interconnecting said microprocessor, storage medium, data entry
means, display means, and ports for communicating data and
other information therebetween;

a plurality of electrical sensors connected to different
ones of said devices and each connected to one of said input
ports and operable to monitor a parameter of the system and
communicating information relating to the monitored parameter
to said controller;

a plurality of electrically responsive elements each
connected to one of said devices and to a one of said output
ports, and each operable to control a function of the system in
response to a control signal from said controller;

said controller including program means for receiving from
an operator through said data entry means and storing in said
storage medium configuration data corresponding to a plurality
of different combinations of devices of which the system 1is
comprised;

said program means including means for generating control
signals on said output ports in one of a plurality of different
programmed combinations, each combination of signals being
automatically selected in accordance with the different stored
configuration data; and

said program means also including means for displaying
information to an operator on said display means, including
information relating to monitored parameters, sald displayed
information differing in accordance with the configuration data

stored in said storage medium.
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25. The system of claim 24 whereiln:

said controller further comprises means for prompting
configuration selection information to the operator on said
display means, and

said data entry means 1including keyboard means actuatable
by an operator for communicating configuration selection

information to said microprocessor.

26. The system of claim 24 wherein said storage medium

includes a non-volatile memory.
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MEASURE ACTUAL TEMPERATURE (T) &
RELATIVE HUMIDITY (R)
OF SYSTEM AIR

Sl . PPN — L p——————- -

Sl

COMPUTE RELATIVE HUMIDITY (H) |
FOR 50°F DEW POINT AIR |
AT TEMPERATURE T:

H

i

425.28471 - 10.331257 T + .08983 T2

IF R > H, SOUND ALARM

MEASURE ACTUAL TEMPERATURE (T),
ABSOLUTE HUMIDITY (A)
AND PRESSURE (P) OF
SYSTEM AIR

COMPUTE DEW POINT (D) OF SYSTEM AIR:

D = 1.8893 B® + 30.579 B + 79.047

| - P
where B = 1n [1 + 0.62198
| A

IF D > S OR T, SOUND ALARM
where S = DEW POINT LIMIT

FIG. 2B

Alex FE. MacRae & Co.
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