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CIRCUIT BOARD CONFIGURATION FOR AIR- POWERED
ELECTROSTATICALLY AIDED SPRAY GUN

CROSS-REFERENCE TO RELATED APPLICATIONS

This application is related to U. S. S. N. 12/045,155, titled Sealed Electrical

Source For Air-Powered Electrostatic Atomizing And Dispensing Device, U. S. S. N.

12/045,173, titled Controlling Temperature In Air-Powered Electrostatically Aided

Coating Material Atomizer, U. S. S. N. 12/045,169, titled Circuit For Displaying The

Relative Voltage At The Output Electrode Of An Electrostatically Aided Coating

Material Atomizer, U. S. S. N. 12/045,178, titled Generator For Air-Powered

Electrostatically Aided Coating Dispensing Device, and U. S. S. N. 12/045,354, titled

Method And Apparatus For Retaining Highly Torqued Fittings In Molded Resin Or

Polymer Housing, all filed on the same day as this application, the disclosures of all of

which are hereby incorporated herein by reference.

FIELD OF THE INVENTION

This invention relates to electrostatically aided coating material atomization

and dispensing devices, hereinafter sometimes called spray guns or guns. Without

limiting the scope of the invention, it is disclosed in the context of a spray gun powered

by compressed gas, typically compressed air. Hereinafter, such guns are sometimes

called cordless spray guns or cordless guns.

BACKGROUND

Various types of manual and automatic spray guns are known. There are the

cordless electrostatic handguns illustrated and described in U. S. Patents: 4,219,865;

4,290,091; 4,377,838; and, 4,491,276. There are also, for example, the automatic and

manual spray guns illustrated and described in the following listed U.S. patents and

published applications: 2006/0283386; 2006/0219824; 2006/0081729; 2004/0195405;

2003/0006322; U.S. Pat. Nos. 7,296,760; 7,296,759; 7,292,322; 7,247,205; 7,217,442;

7,166,164; 7,143,963; 7,128,277; 6,955,724; 6,951,309; 6,929,698; 6,916,023; 6,877,681;

6,854,672; 6,817,553; 6,796,519; 6,790,285; 6,776,362; 6,758,425; RE38,526; 6,712,292;



6,698,670; 6,679,193; 6,669,112; 6,572,029; 6,488,264; 6,460,787; 6,402,058;

RE36,378; 6,276,616; 6,189,809; 6,179,223; 5,836,517; 5,829,679; 5,803,313; RE35/769;

5,647,543; 5,639,027; 5,618,001; 5,582,350; 5,553,788; 5,400,971; 5,395,054; D350,387;

D349,559; 5,351,887; 5,332,159; 5,332,156; 5,330,108; 5,303,865; 5,299,740; 5,289,977;

5,289,974; 5,284,301; 5,284,299; 5,236,425; 5,236,129; 5,218,305; 5,209,405; 5,209,365;

5,178,330; 5,1 19,992; 5,1 18,080; 5,180,104; D325,241; 5;093;625; 5,090,623; 5,080,289;

5,074,466; 5,073,709; 5,064,1 19; 5,063,350; 5,054,687; 5,039,019; D318,712; 5,022,590;

4,993,645; 4,978,075; 4,934,607; 4,934,603; D313,064; 4,927,079; 4,921,172; 4,911,367;

D305,453; D305,452; D305,057; D303,139; 4,890,190; 4,844,342; 4,828,218; 4,819,879;

4,770,1 17; 4,760,962; 4,759,502; 4,747,546; 4,702,420; 4,613,082; 4,606,501; 4,572,438;

4,567,91 1; D287,266; 4,537,357; 4,529,131; 4,513,913; 4,483,483; 4,453,670; 4,437,614;

4,433,812; 4,401,268; 4,361,283; D270,368; D270,367; D270,180; D270,179; RE30,968;

4,331,298; 4,289,278; 4,285,446; 4,266,721; 4,248,386; 4,216,915; 4,214,709; 4,174,071;

4,174,070; 4,171,100; 4,169,545; 4,165,022; D252,097; 4,133,483; 4,122,327;

4,1 16,364; 4,1 14,564; 4,105,164; 4,081,904; 4,066,041; 4,037,561; 4,030,857; 4,020,393;

4,002,777; 4,001,935; 3,990,609; 3,964,683; 3,949,266; 3,940,061; 3,932,071; 3,557,821;

3,169,883; and, 3,169,882. There are also the disclosures of WO 2005/014177 and WO

01/85353. There are also the disclosures of EP 0 734 777 and GB 2 153 260. There are

also the Ransburg model REA 3, REA 4, REA 70, REA 90, REM and M-90 guns, all

available from ITW Ransburg, 320 Phillips Avenue, Toledo, Ohio, 43612-1493.

The disclosures of these references are hereby incorporated herein by

reference. The above listing is not intended to be a representation that a complete search

of all relevant art has been made, or that no more pertinent art than that listed exists, or

that the listed art is material to patentability. Nor should any such representation be

inferred.

DISCLOSURE OF THE INVENTION

According to an aspect of the invention, a coating dispensing device includes

a trigger assembly for actuating the coating dispensing device to dispense coating

material and a nozzle through which the coating material is dispensed. The coating

dispensing device also includes a first port adapted to supply compressed gas to the

coating dispensing device and a second port adapted to supply coating material to the



coating dispensing device. The coating dispensing device further includes a generator

having a shaft and a turbine wheel mounted on the shaft. Compressed gas coupled to the

first port impinges upon the turbine wheel to spin the shaft, producing voltage. The

dispensing device further includes an electrode adjacent the nozzle and coupled by

circuitry to the generator to receive electricity therefrom to electrostatically charge the

coating material. A circuit board assembly containing components of the circuitry is

configured to partially surround and partially enclose the generator.

Illustratively according to this aspect of the invention, the circuit board

assembly configured to partially surround and partially enclose the generator comprises a

somewhat U-shaped board assembly comprising a central board having two opposed edge

regions and a board extending from each of said two opposed edge regions of the central

board.

Illustratively according to this aspect of the invention, the coating dispensing

device further includes a regulator coupled to the generator for regulating the voltage

generated by generator. At least some components of the regulator are provided on the

somewhat U-shaped board assembly. Compressed gas which spins the turbine wheel also

flows past the at least some components of the regulator provided on the somewhat U-

shaped board assembly to remove heat from the at least some components of the regulator

provided on the somewhat U-shaped board assembly.

Illustratively according to this aspect of the invention, the at least some

components of the regulator include an over-voltage protection circuit.

Illustratively according to this aspect of the invention, the over-voltage

protection circuit comprises a self-resetting over-voltage protection circuit.

Illustratively according to this aspect of the invention, the at least some

components of the regulator include a limiting circuit for reducing the likelihood of the

generator output running away in the event of excessive compressed gas flow to the

turbine wheel.

Illustratively according to this aspect of the invention, compressed gas which

spins the turbine wheel also flows past the limiting circuit. The limiting circuit includes a

heat-dissipating device which dissipates more heat when excessive compressed gas flows

to the turbine wheel, so that excessive compressed gas flow to the turbine wheel provides



increased cooling capacity to the heat-dissipating device.

Illustratively according to this aspect of the invention, the at least some

components of the regulator include a limiting circuit for reducing the likelihood of the

generator running away when the generator experiences a light load.

Illustratively according to this aspect of the invention, the limiting circuit is

sized to keep the generator from excessive speed when the generator experiences a light

load.

Illustratively according to this aspect of the invention, the limiting circuit

comprises n solid state devices, n > 1. Each solid state device is capable of dissipating

about 1/n of the total heat dissipated by the n solid state devices collectively.

Illustratively according to this aspect of the invention, the at least some

components of the regulator include an output voltage adjusting circuit adapted to load

the generator, causing the generator's speed to drop, thereby producing a lower generator

output voltage.

Illustratively according to this aspect of the invention, the output voltage

adjusting circuit includes a magnetically actuated switch controlling current flow through

the output voltage adjusting circuit, and a magnet movable to actuate the magnetically

actuated switch selectively to place the output voltage adjusting circuit in the regulator

circuit and remove the output voltage adjusting circuit from the regulator circuit.

Illustratively according to this aspect of the invention, the output voltage

adjusting circuit includes n resistors, n > 1. Each resistor is capable of dissipating about

1/n of the total heat dissipated by the n resistors collectively.

Illustratively according to this aspect of the invention, the regulator includes

an output terminal and a self-resetting fuse in series with the output terminal.

Illustratively according to this aspect of the invention, the regulator includes

an output port and a transient suppressor diode across the output port to protect the output

port against backward-propagating transients entering the regulator.

Illustratively according to this aspect of the invention, the regulator includes

an output terminal coupled to the electrode and the at least some components of the

regulator include a resistance in series with the output terminal.



Illustratively according to this aspect of the invention, the resistance in series

with the output terminal includes n resistors, n > 1. Each resistor is capable of dissipating

about 1/n of the total heat dissipated by the n resistors collectively.

Illustratively according to this aspect of the invention, the coating dispensing

device further includes a regulator coupled to the generator for regulating the voltage

generated by generator. At least some components of the regulator are provided on the

circuit board assembly. Compressed gas which spins the turbine wheel also flows past

the at least some components of the regulator provided on the circuit board assembly to

remove heat from the at least some components of the regulator provided on the circuit

board assembly.

Illustratively according to this aspect of the invention, the at least some

components of the regulator include an over-voltage protection circuit.

Illustratively according to this aspect of the invention, the over-voltage

protection circuit comprises a self-resetting over-voltage protection circuit.

Illustratively according to this aspect of the invention, the at least some

components of the regulator include a limiting circuit for reducing the likelihood of the

generator output running away in the event of excessive compressed gas flow to the

turbine wheel.

Illustratively according to this aspect of the invention, compressed gas which

spins the turbine wheel also flows past the limiting circuit. The limiting circuit includes a

heat-dissipating device which dissipates more heat when excessive compressed gas flows

to the turbine wheel, so that excessive compressed gas flow to the turbine wheel provides

increased cooling capacity to the heat-dissipating device.

Illustratively according to this aspect of the invention, the at least some

components of the regulator include a limiting circuit for reducing the likelihood of the

generator running away when the generator experiences a light load.

Illustratively according to this aspect of the invention, the limiting circuit is

sized to keep the generator from excessive speed when the generator experiences a light

load.

Illustratively according to this aspect of the invention, the limiting circuit

comprises n solid state devices, n > 1. Each solid state device is capable of dissipating



about 1/n of the total heat dissipated by the n solid state devices collectively.

Illustratively according to this aspect of the invention, the at least some

components of the regulator include an output voltage adjusting circuit adapted to load

the generator, causing the generator's speed to drop, thereby producing a lower generator

output voltage.

Illustratively according to this aspect of the invention, the output voltage

adjusting circuit includes a magnetically actuated switch controlling current flow through

the output voltage adjusting circuit, and a magnet movable to actuate the magnetically

actuated switch selectively to place the output voltage adjusting circuit in the regulator

circuit and remove the output voltage adjusting circuit from the regulator circuit.

Illustratively according to this aspect of the invention, the output voltage

adjusting circuit includes n resistors, n > 1. Each resistor is capable of dissipating about

1/n of the total heat dissipated by the n resistors collectively.

Illustratively according to this aspect of the invention, the regulator includes

an output terminal and a self-resetting fuse in series with the output terminal.

Illustratively according to this aspect of the invention, the regulator includes

an output port and a transient suppressor diode across the output port to protect the output

port against backward-propagating transients entering the regulator.

Illustratively according to this aspect of the invention, the regulator includes

an output terminal coupled to the electrode and the at least some components of the

regulator include a resistance in series with the output terminal.

Illustratively according to this aspect of the invention, the resistance in series

with the output terminal includes n resistors, n > 1. Each resistor is capable of dissipating

about 1/n of the total heat dissipated by the n resistors collectively.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention may best be understood by referring to the following detailed

description and accompanying drawings which illustrate the invention. In the drawings:

Fig. 1a illustrates a partly exploded perspective view of a hand-held cordless

spray gun;



Figs. Ib illustrates a longitudinal sectional side elevational view of the hand

held cordless spray gun illustrated in Fig. Ia;

Figs. Ic illustrates a perspective view of certain details of the hand-held

cordless spray gun illustrated in Figs la-b;

Figs. Id illustrates a perspective view of certain details of the hand-held

cordless spray gun illustrated in Figs la-b;

Figs. 2a illustrates a top plan view of a high-magnitude voltage cascade

assembly useful in the described spray gun;

Figs. 2b illustrates a partial sectional view of a high-magnitude voltage

cascade assembly useful in the described spray gun, taken generally along section lines

2b-2b of Fig. 2a;

Figs. 2c illustrates an end elevational view of the high-magnitude voltage

cascade assembly illustrated in Figs. 2a-b, taken generally along section lines 2c-2c of

Figs. 2a-b;

Figs. 2d illustrates a partial sectional view of the high-magnitude voltage

cascade assembly illustrated in Figs. 2a-b, taken generally along section lines 2d-2d of

Figs. 2a-b;

Figs. 2e illustrates an end elevational view of the high-magnitude voltage

cascade assembly illustrated in Figs. 2a-b, taken generally along section lines 2e-2e of

Figs. 2a-b;

Figs. 3a-c illustrate perspective views, Figs. 3a-b, and an elevational view,

Fig. 3c, of a printed circuit (PC) board assembly containing control circuitry useful in the

described spray gun;

Fig. 4 illustrates a schematic diagram of compressed air-powered low

magnitude voltage generator control circuitry useful in the described spray gun;

Fig. 5 illustrates a schematic diagram of a high-magnitude voltage cascade

assembly useful in the described spray gun; and

Fig. 6 illustrates a schematic diagram of a light emitting diode (LED) circuit

useful in the described spray gun.



DETAILED DESCRIPTIONS OF ILLUSTRATIVE EMBODIMENTS

As used herein, the term "generator" means a machine that converts

mechanical energy into electrical energy, and encompasses devices for generating either

direct or alternating electrical current.

The schematic and block circuit diagram descriptions that follow identify

specific integrated circuits and other components and in many cases specific sources for

these. Specific terminal and pin names and numbers are generally given in connection

with these for the purposes of completeness. It is to be understood that these terminal and

pin identifiers are provided for these specifically identified components. It is to be

understood that this does not constitute a representation, nor should any such

representation be inferred, that the specific components, component values or sources are

the only components available from the same or any other sources capable of performing

the necessary functions. It is further to be understood that other suitable components

available from the same or different sources may not use the same terminal/pin identifiers

as those provided in this description.

Referring to Figs la-d, a hand-held cordless spray gun 20 includes a handle

assembly 22 providing a somewhat pistol-grip shaped handle 24, a trigger assembly 26

for actuating the gun 20 to dispense electrostatically charged atomized coating material

droplets, and a barrel assembly 28 supporting at its remote end a nozzle 30. At its lower

end, handle assembly 22 supports a power module assembly 32 including fittings 34, 36

through which compressed gas, typically compressed air, and coating material, in this

embodiment liquid paint, respectively, are supplied to gun 20. Power module 32 houses a

three-phase generator 38 such as, for example, the Maxon EC-max part number 348702

available from Maxon Precision Motors, Inc., 101 Waldron Road, Fall River, MA 02720.

A significant benefit available with the use of a multi-phase generator 38 is that the

generator 38 can be operated at a lower rotation rate (in one example, significantly lower;

300 rpm versus the prior art's up to 42 Krpm). Generally, a lower rotation rate results in

increased generator life, reduced repair cost and reduced equipment downtime.

A turbine wheel 40 is mounted on the shaft 42 of generator 38. Compressed

air coupled through a grounded air hose assembly 44 coupled to fitting 34 is channeled

through assembly 32 and is directed onto the blades of wheel 40 to spin shaft 42

producing three phase voltage at terminals 75-1, 75-2, 75-3 (Fig. 4). The output from



generator 38 is rectified and regulated in power module assembly 32, and the rectified and

regulated output from power module assembly 32 is coupled through conductors in

handle assembly 22 to a cascade assembly 50 extending from the top front of handle

assembly 22 into barrel assembly 28.

Prior art cordless guns incorporate generators that use sintered metal bushing

to guide the shaft ends of the generator. Thus, prior art cordless guns do not provide

precision guidance of the generator shaft. This can result in the transmission of higher

vibration levels from the generator to the body of the operator. The present gun 20 ' s

generator 38 uses ball or roller bearings. A precision ball or roller bearing guided

generator 38 reduces the transmitted vibration to the mounting points and thus to the

operator, potentially reducing operator fatigue. However, the bearings of commercially

available fractional horsepower motors, such as generator 38, are susceptible to solvent

penetration, degrading bearing lubrication, with the potential for bearing failure and

generator 38 failure. Testing of the above-identified motor used as generator 38

demonstrated that a one minute soak in solvent fairly quickly degrades the bearing

lubricant and causes the bearing to seize. To overcome this potential failure mode, upper

and lower protective covers 51, 53, respectively, were secured to the generator 38

housing, reducing the likelihood of solvent penetration into the bearings. The same one

minute solvent soak tests were performed on the thus-protected generator 38. These tests

resulted in no detectable degradation of performance, even after several one minute

solvent soak tests.

Referring now more particularly to Figs. 2a-e, cascade assembly 50 includes a

potting shell 52 in which cascade assembly 50 is potted, an oscillator assembly 54 on a

printed circuit (PC) board, a transformer assembly 56, a voltage multiplier cascade 58 and

a series output resistor string 60 providing 160 MΩ resistance coupling cascade 58 output

to a charging electrode 62 at the nozzle 30 end of a valve needle 64.

Referring now particularly to Figs. 3a-c and 4, the generator 38 control

circuitry is mounted on three interconnected PC boards 70, 72, 74 which form somewhat

of an inverted "U" configuration useful for cooling circuit components and efficient

utilization of the available space inside power module assembly 32. A circuit diagram of

the circuit spread over the three PC boards 70, 72, 74 is illustrated in Fig. 4 with broken

lines around the components provided on each PC board 70, 72, 74. The three phase



windings of generator 38, terminals 75-1, 75-2, 75-3, are coupled to the junctions of the

cathodes of respective diodes 76, 78, 80 and anodes of respective diodes 82, 84, 86.

Diodes 76, 78, 80, 82, 84, 86 illustratively are ON Semiconductor type MBR140SFT

Schottky diodes. The thus-rectified three-phase potential across conductors 88, 90 is

filtered by the parallel circuit including 47 µF capacitors 92, 94 and 15 KΩ, 0.1 W, 1%

resistor 96. A series 100 KΩ, 0.1 W, 1% resistor 98 - 1 µF, 10%, 35 V capacitor 100

combination is also coupled across conductors 88, 90. Conductor 90 is coupled to

ground.

The gate of an FET 102, illustratively a Fairchild Semiconductor 2N7002

FET, is coupled to the junction of resistor 98 and capacitor 100. The source of FET 102

is coupled to conductor 90. Its drain is coupled through a 10 KΩ, 0.1 W, 1% resistor 104

to conductor 88. The drain of FET 102 is also coupled to the gate of an FET 106,

illustratively an International Rectifier IRLU3410 FET. The drain and source of FET 106

are coupled to conductors 88, 90, respectively. A 15 KΩ, 0.1 W, 1% resistor 108 is

coupled across conductors 88, 90. A series 100 KΩ, 0.1 W, 1% resistor 110 - 1 µF, 10%,

35 V capacitor 112 combination is coupled across conductors 88, 90. The gate of an FET

114, illustratively a Fairchild Semiconductor 2N7002 FET, is coupled to the junction of

resistor 110 and capacitor 112. The source of FET 114 is coupled to conductor 90. Its

drain is coupled through a 10 KΩ, 0.1 W, 1% resistor 116 to conductor 88. The drain of

FET 114 is also coupled to the gate of an FET 118, illustratively an International Rectifier

IRLU3410 FET. The drain and source of FET 118 are coupled to conductors 88, 90,

respectively.

The cathode of a Zener diode 120 is coupled to conductor 88. Diode 120

illustratively is a 17 V, .5 W Zener diode. The anode of diode 120 is coupled through a 1

KΩ, 0.1W, 1% resistor 122 to the gate of an SCR 124 and through a 2 KΩ, 0.1 W, 1%

resistor 126 to conductor 90. The anode of SCR 124 is coupled to conductor 88. Its

cathode is coupled to conductor 90. SCR 124 illustratively is an ON Semiconductor type

MCRlOO-3 SCR. The emitter of a bipolar PNP transistor 128 is coupled to conductor 88.

Its collector is coupled to conductor 90. Its base is coupled through a 1.1 Ω, 1 W, 1%

resistor 130 to conductor 88. Transistor 128 illustratively is an ON Semiconductor type

MJD32C transistor. Its base is also coupled to the cathodes of four parallel Zener diodes

132, 134, 136, 138, the anodes of which are coupled to conductor 90. Diodes 132, 134,



136, 138 illustratively are 15 V, 5 W ON Semiconductor type 1N5352B Zener diodes.

The base of transistor 128 is also coupled to one terminal of a switch 140,

illustratively a Hamlin type MITI-3V1 reed switch. The other terminal of switch 140 is

coupled to one terminal of a network often parallel 324 Ω, IW, 1% resistors 142-1, 142-

2, . . . 142-10. The other terminals of resistors 142-1, 142-2, . . . 142-10 are coupled to

conductor 90. The base of transistor 128 is also coupled through a parallel network of

three 1 Ω, 1 W, 1% resistors 144-1, 144-2, 144-3 and a series 1.5 A, 24 V fuse 146 to the

VCenterTap terminal of transformer assembly 56. See Fig. 5. The maximum voltage

(hereinafter sometimes VCT) across the VCT terminal and conductor 90 is regulated by a

bidirectional Zener diode 148 which illustratively is a Littelfuse SMBJl 5CA 15 V diode.

Referring to the schematic in Fig. 4, typical rms voltage from each of the

three input phases 75-1, 75-2, 75-3 to ground is approximately 7.5 V rms at a frequency

of about 300 Hz. Diodes 76, 78, 80, 82, 84 and 86 form a three-phase full-wave bridge

rectifier to convert the three phase AC output of the generator 38 to DC. Filter capacitors

92 and 94 smooth the ripple of the rectified output. The typical voltage across conductors

88, 90 is about 15.5 VDC.

The circuit of Fig. 4 includes two individual delay circuits connected in

parallel. If a fault disables one of the delay circuits, the other is still operable. The first

delay circuit includes resistors 96, 98, 104, capacitor 100 and FETs 102, 106. The second

delay circuit includes resistors 108, 110, 116, capacitor 112 and FETs 114, 118. As

discussed above, the generator 38 and the circuit of Fig. 4 are located in the spray gun 20

itself. Since the spray gun 20 can spray flammable liquid materials, its operating

environment is considered hazardous by numerous industrial standards, such as FM, EN,

and so on. The generator 38 and circuit of Fig. 4 must meet the requirements of such

industrial standards for electrical equipment used in explosive atmospheres. Among the

methods for meeting these requirements is to locate the generator 38 and the circuit of

Fig. 4 inside an enclosure that is pressurized, before hazardous electrical potentials are

reached. The standards require that five enclosure volumes be purged before hazardous

potentials are reached. The illustrative generator 38 (Maxon EC-max part number

348702) does not generate hazardous voltage for air flows below 90 SLPM, since the air

flow is insufficient to overcome the generator 38 inertia and spin the generator 38 at

sufficient speed to do so. The enclosure volume for the generator 38 and circuit of Fig. 4



is 40 mL. Converting 90 Standard liters per minute to mL per second gives:

90 L/min x 1 min/60 sec x 1000 mL/L = 1500 mL/sec

The time required to purge 200 mL (5 purges times 40 mL/purge) at an air flow rate of 90

SLPM is therefore:

200 mL/(1500 mL/sec) = 133 ms.

For higher air flows, the purge times will be shorter. Thus, to completely purge the

enclosure, before hazardous voltages are reached, the purge time must be 133 ms or

greater.

Since the purge air and the generator 38 turbine 40 air are the same, if the

generator air is delayed, the purge air is also delayed. Therefore, delaying the start of the

generator 38 until the enclosure volume is purged was not an option. While it is possible

to use separate air sources for purge air and turbine 40 air, this was thought to result in a

more complex, expensive to build and operate, and heavier gun 20.

Since the start of the generator cannot be delayed, the gun 20 circuitry shorts

the output of the power supply of Fig. 4 until the desired five enclosure volumes are

purged. Testing using EN standard 60079-1 1:2007 Explosive Atmospheres - Electrical

Protection by Intrinsic Safety "i", establishes that the shorted output of the power supply

of Fig. 4 is insufficient to ignite the most hazardous mixture for group HB gases. So, if

the output can be shorted for at least 133 ms, hazardous potentials will not be present until

after the 5 enclosure volumes are purged. The two individual delay circuits connected in

parallel achieve this objective.

Referring to Fig. 4, initially the voltage across capacitors 92, 94 is zero volts.

Zero volts also appears across the gates of transistors 102, 114 to conductor 90, so

initially, transistors 102, 114 are off (open circuit). As the generator 38 begins to spin,

the voltage across conductors 88, 90 begins to rise. Because transistors 102, 114 are off,

the voltage across conductors 88, 90 also appears on the gates of transistors 106, 118 to

conductor 90. Once this voltage reaches the gate threshold voltage (about 2.5 volts for

each of transistors 106, 118) transistors 106, 118 turn on and clamp the voltage across

conductors 88, 90 at this level (about 2.5 volts). Meanwhile, the voltage across capacitors

100, 112 rises as charge flows through the series combinations 98, 100 and 110, 112.

When the voltage across capacitors 100, 112 reaches the gate threshold voltage of

transistors 102, 114, transistors 102, 114 turn on. The gate voltages of transistors 106,



118 drop below their threshold voltages and transistors 106, 118 turn off. This permits

the voltage across conductors 88, 90 to rise to its normal operating level, about 15.5 VDC.

The RC time constant values of the series combinations 98, 100 and 110, 112 are selected

so that transistors 106, 118 remain on for at least 133 ms, but not much longer, so that the

delay in getting to normal operating potential is short.

Resistors 96 and 108 bleed the charge from capacitors 100 and 112 when the

trigger 26 is released, so that the delay circuit is ready to operate again when the gun 20 is

next triggered. Resistors 96 and 108 are sized so that it takes a few (typically 2-5)

seconds to discharge capacitors 100 and 112 so there is basically no delay for the

relatively short (2 - 5 seconds) triggering interruptions encountered during typical spray

applications. For longer triggering interruptions, capacitors 100 and 112 discharge and

the delay circuits 96, 98, 104, 100, 102, 106; 108, 110, 116, 112, 114, 118 reset prior to

the next trigger. The sizing of resistors 96 and 108 is a tradeoff between reducing the

delay between triggerings and ensuring that when the trigger 26 is released long enough

for a potentially hazardous atmosphere to collect in the enclosure volume, the delay

circuits 96, 98, 104, 100, 102, 106; 108, 110, 116, 112, 114, 118 function as described

above the next time the trigger 26 is pulled.

The circuit of Fig. 4 includes an over-voltage protection circuit comprising

Zener diode 120, resistors 122 and 126, and SCR 124. Zener diode 120 is a 17 volt Zener

diode. The normal maximum operating voltage across conductors 88, 90 is about 15.5

VDC. If voltage across conductors 88, 90 were to rise, it could result in an unsafe voltage

across electrode 62 and ground. If this voltage rises to about 17 VDC, Zener diode 120

will begin to conduct resulting in current flow through resistor 126. The current flowing

through resistor 126 results in a voltage at the resistor 122, resistor 126, Zener diode 120

node. This voltage creates a current flow in resistor 122 which turns SCR 124 on. Firing

of SCR 124 effectively shorts conductors 88, 90, dropping the voltage across conductors

88, 90 from about 17 VDC to on the order of a couple of volts. The generator is loaded

down by the short circuit. Releasing of the trigger 26 stops the generator 38, which

removes voltage across conductors 88, 90, resetting SCR 124. No action is required by

the user to reset from this condition.

The circuit of Fig. 4 includes a current limit circuit including power transistor

128 and resistor 130. A characteristic of an air turbine 40 driven electrical generator 38 is



that as air flow to the turbine 40 increases, so does generator 38's power output. Without

a current limit circuit, this increase in power output can cause the magnitude of the output

voltage of the spray gun 20 to go too high. The increased power output can also exceed

the power ratings of circuit components coupled to the generator 38. The current limit

circuit including power transistor 128 and resistor 130 addresses these concerns. As the

current through resistor 130 increases so does the voltage drop across it according to

Ohm's law. If this voltage drop reaches the base-emitter turnon voltage (usually about

0.7 V) of transistor 128, transistor 128 begins to shunt current flow to ground, keeping

current flow through resistor 130 relatively constant. In this circuit, resistor 130 is sized

so that transistor 128 turns on when the current flow through resistor 130 is roughly 0.5

A. Thus the maximum current flow at VCT is about 0.5 A. As air flow increases, the

current through transistor 128 increases. This can result in some significant heat

dissipation in transistor 128. To alleviate this, transistor 128 is provided with a heat sink.

The U-shaped circuit board 70, 72, 74 containing transistor 128 is installed over generator

38, attaching by three screws threaded into the top of the generator 38 housing. Thus the

circuit board 70, 72, 74 is located in the same enclosure as the generator 38 This

enclosure is small to decrease bulkiness and weight of the spray gun 20 and to keep the

required purge volume small. With the three-piece, U-shaped circuit board 70, 72, 74, the

board 70, 72, 74 can be located in the chamber with the turbine 40-driven generator 38.

The plentiful exhaust air from the generator 38 is directed over the board 70, 72, 74

components, including transistor 128 and its heat sink to help cool them. The circuit

board 70, 72, 74 and generator 38 must both meet the requirements for electrical

equipment for use in explosive atmospheres. Thus, it is an advantage to put them both in

the same enclosure so that the purge approach previously described will satisfy the

requirements for both.

The circuit of Fig. 4 includes a voltage regulation circuit comprising Zener

diodes 132, 134, 136 and 138. Without Zener diodes 132, 134, 136 and 138, as the load

current at VCT decreases, the load on the generator 38 would decrease. The generator 38

speed would increase, resulting in an increase in the voltage across VCT and conductor

90. For light loads, the increase in speed and voltage can be significant, to the extent that

the generator 38 could exceed its rated speed, in this case 300Hz, and the voltage across

VCT and conductor 90 could result in unsafe operation of the spray gun 20. The voltage

regulation circuit 132, 134, 136, 138 addresses these issues. As the load current at VCT



decreases, the speed of generator 38 increases and the voltage at the base of transistor 128

increases until (in this case, at about 15 volts DC) Zener diodes 132, 134, 136, 138 begin

to conduct. Thus, for light loads the voltage at the base of transistor 128 is limited to

about 15 volts in this case. This aids safe operation of the spray gun 20. When the Zener

diodes 132, 134, 136, 138 conduct current from generator 38, they create additional load

on generator 38. The Zener diodes 132, 134, 136, 138 are sized (15 volts in this case) to

keep generator 38 (rated at 300 Hz in this case) from excessive speed when there is little

or no current draw at VCT.

Turbine 40 produces torque based on the flow of air to turbine 40. As the

flow of air to turbine 40 increases or decreases, so does the current output of the generator

38. With the Zener diodes 132, 134, 136, 138, a current of about .5 A is always flowing

through resistor 130. Whatever does not flow through VCT flows through Zener diodes

132, 134, 136, 138. As the load current through VCT increases, the current through

Zener diodes 132, 134, 136, 138 decreases. Eventually, at some operating condition, the

current flow through Zener diodes 132, 134, 136, 138 drops to zero, the voltage across the

Zener diodes drops below 15 volts and the Zener diodes stop conducting. This happens

when the load requires all the current that the generator 38 is delivering at its present

input torque.

Multiple (n) Zener diodes 132, 134, 136, 138 (in this case n = 4) are used to

spread the power dissipation over multiple devices 132, 134, 136, 138 so that any one

device 132, 134, 136, 138 need only be able to dissipate roughly 1/n of the power it

would dissipate if it were in the circuit by itself. Additionally, some safety standards

require duplication of safety circuits, such that if one device fails the other(s) continue(s)

to provide the protection for which the devices are included in the circuit.

For the lightest loads, the Zener diodes 132, 134, 136, 138 can dissipate

significant power. Thus, they are also mounted on the circuit board 70, 72, 74 and cooled

using the exhaust air from the air turbine 40 which flows over the Zener diodes 132, 134,

136, 138 and the other circuit components.

The circuit of Fig. 4 includes a low KV set point circuit including reed switch

140 and resistors 142-1, . . . 142-10. Resistors 142-1, . . . 142-10 are sized (in this case

324 Ω apiece) such that their parallel combination (in this case 32.4 Ω) presents a load to

the generator 38 that, when switched in by the reed switch 140, causes the generator 38



speed and therefore the voltage across VCT to conductor 90 to drop, producing a lower

output voltage at electrode 62 of the spray gun 20. This is convenient when the operator

is coating articles that exhibit Faraday cages, where lower output voltage at the spray gun

20 will assist in providing better coverage into such shielded areas. Also, some operators

desire to operate such guns' output electrodes at lower output high magnitude voltages

during normal spraying to reduce paint wrap-back of charged coating material particles in

the direction of the operator, and for other reasons as determined by the operator.

Typically, the lower set point is chosen to be between 50% and 75% of the full output

available when the reed switch 140 is open, but can be other values as well.

The reed switch 140 is located near the edge of the board assembly 70, 72, 74

so that reed switch 140 can be activated by a control knob 141 for moving a magnet

provided in a head 143 of knob 141 on the outside of the enclosure. When knob 141 is

pivoted to position the magnet near reed switch 140, reed switch 140 closes, connecting

the parallel combination of resistors 142-1, . . . 142-10 in circuit, thereby producing the

lower KV set point at the spray gun 20 output 62. When knob 141 is pivoted to position

the magnet away from reed switch 140, reed switch 140 opens, taking the parallel

combination of resistors 142-1, . . . 142-10 out of circuit, thereby producing the high KV

set point at the spray gun 20 output 62.

When the low KV set point is selected, some power, on the order of a few

watts, will be dissipated in resistors 142-1, . . . 142-10. As noted above, a single, multiple

watt resistor is typically large and bulky. In order to keep the size of the overall package

down, ten, 1 watt, (324 Ω) surface mount resistors 142-1, . . . 142-10 in parallel are used

in place of one, 10 watt (32.4 Ω) resistor. The overall profile of the assembly is kept

small, resulting in a smaller package and a smaller enclosure. The power dissipation in

all resistors 142-1, . . . 142-10 is limited to 50% of their rated value. Thus, if the

maximum power dissipation of a resistor was expected to be 0.5 watts, a 1 watt resistor

was used.

Since resistors 142-1, . . . 142-10 collectively dissipate on the order of watts

of power, they are also mounted on circuit boards 70, 72, 74 and cooled using the exhaust

air from the air turbine 40 which flows over resistors 142-1, . . . 142-10 and the other

circuit components mounted on boards 70, 72, 74.

The circuit of Fig. 4 includes a voltage dropping resistor parallel combination



of resistors 144-1, 144-2 and 144-3. Supplying the most voltage to VCT results in higher

transfer efficiency of coating material to the article that is being coated. However, the

gun 20 must also meet safety requirements as determined by approval agencies such as

Factory Mutual and European standards such as EN 50050. These requirements typically

entail that the spray gun 20 output at 62 not be capable of igniting the most explosive

mixture of a specified explosive atmosphere (in this case 5.25% propane in air). Resistors

144-1, . . . 144-3 are provided to enable the output at the spray gun 20 to be dropped if

necessary, to meet the requirements.

When resistors 144-1, . . . 144-3 are in the circuit, the voltage at VCT is

dropped by the product of the current flowing through the parallel combination of R20,

R21 and R22 and the resistance of the parallel combination of resistors 144-1, . . . 144-3

in accordance with Ohm's law. Thus, the voltage at VCT is given by:

VCT = Vbase of 128 - lR144-l,R144-2,R144-3 x R144-1 1| R144-2 1| R144-3

It can be seen that as the load current (IR144-1 R144-2,R144-3) increases, so does the

voltage drop across the parallel combination R l 44-1 1| R144-2 1| R144-3. Most guns are

classified by their no load KV. So at no load, there will be minimal effect on the spray

gun output voltage, but as the load increases, the voltage will decrease more. Thus, the

KV rating of the spray gun can remain essentially the same. If in a particular application

resistors 144-1, . . . 144-3 are not necessary to meet safety requirements, they can simply

be left off the board 70, 72, 74 assembly and a jumper inserted so that the voltage at VCT

is the same as that at the base of transistor 128. It should further be noted that if

additional means are necessary to meet safety requirements, the current limit resistance of

resistor 130 can be increased on the order of tenths of ohms to reduce the available

output current of the spray gun 20.

Resistors 144-1, . . . 144-3 are one watt surface mount resistors, taking the

place of a single three watt resistor, resulting in a smaller overall enclosure. They are also

mounted on circuit boards 70, 72, 74 and cooled using the exhaust air from the air turbine

40.

The circuit of Fig. 4 includes a polythermal fuse 146. This fuse is designed to

open if its trip current (in this case 1.5 A) is exceeded and reset itself when power is

turned off. The hold current of fuse 146 is 0.75 A, which allows for uninterrupted flow of



the maximum expected current of about 0.5 A, even for elevated temperatures where

poly-thermal devices are subject to tripping for smaller current levels.

The circuit of Fig. 4 includes a transient suppressor diode 148. Transient

suppressor diode 148 is coupled across VCT and conductor 90 and is sized to shunt to

ground any voltage spikes more than a volt or two above the nominal 15.5 VDC output.

The main purpose of diode 148 is to shunt to ground any transients from the Fig. 5

circuitry coupled to VCT to keep such transients from adversely affecting any of the

circuitry of Fig. 4 .

The U-shaped board assembly 70, 72, 74 is best illustrated in Figs. 3a-c. This

assembly includes three PC boards 70, 72, 74 that are joined together to create the final

U-shaped board assembly. Arranging the board assembly in this manner, and utilizing

small through-hole and surface mount components permits the generator 38/turbine 40 to

be mounted in the U of the board assembly 70, 72, 74 and permits the overall profile of

the board assembly 70, 72, 74 to be kept close to the overall profile of the generator

38/turbine 40 as shown in Figure 4. This results in a smaller, lighter enclosure volume

that requires less time to be purged.

To protect the board 70, 72, 74 components from contaminants which may be

introduced from the input air driving the turbine 40, the board may be conformally coated

using any of the known available techniques, such as spraying, dipping or vacuum

deposition, for example, with parylene. However, attention must be paid to suitable

cooling of heat dissipating components, when a conformal coating is used.

The illustrative generator 38 is a three-phase, brushless DC motor operated in

reverse. A brushless motor eliminates brush wear that results in shorter motor life. A

two-phase motor can be used as well, but the output ripple from a two-phase motor will

be greater, perhaps requiring larger filter capacitors 92, 94. Also, a two-phase motor may

be required to spin faster to generate the same output power, which may result in shorter

motor life. The air turbine 40 exhaust air is also directed over and around the generator

38 to cool it during operation. This also results in longer motor life.

Referring now particularly to Fig. 5, the cascade assembly 50 including

oscillator assembly 54, a transformer assembly 56, cascade 58 and series output resistor

string 60 may be substantially as illustrated and described in U. S. published patent



application 2006/0283386 Al, and so will not be described in any greater detail here.

Feedback from the secondary winding 56-2 of the high voltage transformer of transformer

assembly 56 is coupled to a non-inverting (+) input terminal of a differential amplifier

150 configured as a unity gain buffer. The joined inverting (-) and output terminals of

amplifier 150 are coupled through a 49.9 KΩ resistor 152 to the - input terminal of a

differential amplifier 154. Amplifiers 150, 154 illustratively are an ON Semiconductor

type LM358DMR2 dual operational amplifier.

The + input terminal of amplifier 154 is coupled through a 49.9 KΩ resistor

156 to ground and through a 49.9 KΩ resistor 158 to the VCT supply. The - input

terminal of amplifier 154 is coupled through a 49.9 KΩ resistor 160 to the output terminal

of amplifier 154, which is coupled (Fig. 6) through a parallel combination of two 2.05 KΩ

resistors 161-1, 161-2 to the anode of a red LED 163. The cathode of LED 163 is

coupled to ground. When actuated, LED 163 is visible to an operator of gun 20 through a

lens in a rear cover assembly 165 (Fig. 1) at the top of the handle assembly 22. The +

input terminal of amplifier 150 is coupled through the parallel combination of a varistor

162, a .47 µF capacitor 164 and a 49.9 KΩ resistor 166 to ground. Varistor 162

illustratively is a Littelfuse SMBJl 5A 15 V device.

Electrons discharged from electrode 62 flow across the gun-to-target space,

charging the coating material particles intended to coat the target. At the target, which is

typically maintained as close as possible to ground potential for this purpose, the charged

coating material particles impinge upon the target and the electrons from the charged

coating material particles return through ground and the parallel combination of

components 162, 164, 166 to the "high" or + (that is, near ground potential) side of the

high potential transformer secondary 56-2. Thus, a voltage drop proportional to the

output current of the cascade 58 is produced across resistor 166. Capacitor 164 filters this

voltage, providing a less noisy DC level at the + input terminal of op amp 150. Varistor

162 reduces the likelihood of damage to op amp 150 and other circuit components by

transients attributable to the operation of the cascade 58. Op amp 150 is configured as a

voltage follower to isolate the voltage at its + input terminal from the voltage at its output

terminal. This helps to insure that all of the current returning to the "high" or + side of

the high potential transformer secondary 56-2 flows through resistor 166.

The voltage across resistor 166 is given by:



v R166 = l0UT χ Rl66

where IoUT equals the current flowing from electrode 62 and R i 66 S the resistance of

resistor 166. Because op amp 150 is configured as a voltage follower, VRJ66 appears at

the output terminal of op amp 150 and at the - input terminal of op amp 150. Resistor 166

is sized so that the voltage at the + input terminal of op amp 150 is 5 volts per 100

microamps of current flowing through resistor 166. The combination of resistors 152,

160, 156 and 158 and op amp 154 form a difference amplifier that results in a voltage at

the output terminal of op amp 154 of:

VLED = VCT - VoUTl 50

VCT is the regulated DC voltage output of the power supply circuit of Fig. 4 which is

supplied to the center tap of the primary winding 56-1 of transformer 56. The oscillator

54 output transistors alternately switch respective halves of the primary 56-1 of

transformer 56 to ground at a frequency on the order of several tens of kilohertz. The

output of secondary 56-2 is rectified and multiplied by cascade 58. Spray gun 20 must

meet safety requirements of various approval agencies such as Factory Mutual, and EN

standards such as EN 50050. These requirements typically entail that the spray gun 20

output at electrode 62 not be capable of igniting the most explosive mixture of a specified

explosive atmosphere (in this case 5.25% propane in air). To help achieve this, the power

supply circuit is typically arranged so that VCT decreases with increasing load current

from electrode 62 of the spray gun 20.

Since,

VOUT150 = VR166 = IOUT x R l 66

then,

VLED = VCT - I0 UT x R l 66

For light loads, the magnitude of the output voltage at electrode 62 is high, IoUT i small,

and VCT is on the order of 15 to 15.5 volts. Thus, for light loads VLED 1S o n the order of

12 to 15 volts. As the load increases, the magnitude of the output voltage at electrode 62

decreases, and VLEJJ decreases, at least because heavier loads load down the input circuit



supplying VCT, resulting in a decrease of VCT, and, because for heavier loads IoUT

increases. Eventually, for heavy loads where magnitude of the output voltage at electrode

62 is low, IoUT x l 66 exceeds VCT. When this occurs, VLED goes to zero. Thus, the

circuit is designed such that:

for light loads, when the magnitude of the output voltage at electrode 62 is high, V L S

on the order of 12 to 15 VDC;

for medium loads, when the magnitude of the output voltage at electrode 62 is in its

midrange, V L o n the order of 5 to 12 VDC; and,

for heavy loads, when the magnitude of the output voltage at electrode 62 is low, VLED is

on the order of 0 to 5 VDC.

V LED the output terminal of op amp 154, is coupled to pin Hl-I of the

circuit illustrated in Fig. 6. Pin Hl -2 of the circuit illustrated in Fig. 6 is coupled to

ground. Thus, for light loads, LED 163 of Fig. 6 burns brightly. LED 163 dims

somewhat for medium loads, and dims significantly or turns off completely for heavy

loads. Thus, the intensity of illumination of LED 163 reflects the actual voltage at

terminal 62 of spray gun 20. Additionally, for those failure modes resulting in excessive

output current from cascade 58, LED 163 will dim significantly or be completely off,

thereby alerting the user to the situation so corrective action can be taken. This is

especially important to the operator of gun 20 when spraying conductive coating

materials that may short the output of the spray gun 20 resulting in little or no output

voltage at terminal 62. Gun designs with display devices operating from the input circuit

of the cascade could exhibit little or no variation in brightness.

Air is supplied to the spray gun 20 through grounded air hose assembly 44,

from a source 172 of clean, dry air. The air is supplied up the handle 24 to the trigger

valve 174. Pulling of the trigger 26 opens the trigger valve 174 permitting air to flow out

the front of the gun 20 to atomize the coating material being sprayed. Opening the trigger

valve 174 also permits air to flow back down the handle 24 through an air delivery tube

175 in handle assembly 22 to the generator 38. The input air to the generator 38 is

supplied through an air inlet to a cap 176. The cap 176 surrounds turbine wheel 40



mounted on generator 38 shaft 42 and is sealed with an O-ring such that the only direction

of air flow is through four openings in the cap 176 spaced 90° apart, that direct the air

onto wheel 40. The air flow causes wheel 40 and the generator shaft 42 on which it is

mounted to spin. After flowing through wheel 40, the air flows around the interconnected

PC boards 70, 72, 74, providing cooling air to generator 38, boards 70, 72, 74 and the

components mounted on them. The air is then exhausted through fitting 182.

Spinning of the generator 38 shaft 42 causes the three phase generator 38 to

generate electricity which is full-wave rectified by the circuitry on PC boards 70, 72, 74

before being supplied to the cascade assembly 50 via VCT. The maximum voltage across

Zener diode 148 is 16 VDC due to the limiting action of the four Zener diodes 132, 134,

136, 138. When the spray gun trigger 26 is released, the trigger valve 174 closes, halting

the flow of air to the generator 38 and to the nozzle 30.



What is claimed is:

1. A coating dispensing device including a trigger assembly for

actuating the coating dispensing device to dispense coating material, and a nozzle through

which the coating material is dispensed, a first port adapted to supply compressed gas to

the coating dispensing device, a second port adapted to supply coating material to the

coating dispensing device, a generator having a shaft, a turbine wheel mounted on the

shaft, compressed gas coupled to the first port impinging upon the turbine wheel to spin

the shaft, producing voltage, an electrode adjacent the nozzle and coupled to the generator

to receive electricity therefrom to electrostatically charge the coating material, and a

circuit board assembly configured to partially surround and partially enclose the

generator.

2. The coating dispensing device of claim 1 wherein the circuit board

assembly configured to partially surround and partially enclose the generator comprises a

somewhat U-shaped board assembly comprising a central board having two opposed edge

regions and a board extending from each of said two opposed edge regions of the central

board.

3. The coating dispensing device of claim 2 further including a

regulator coupled to the generator for regulating the voltage generated by generator, at

least some components of the regulator being provided on the somewhat U-shaped board

assembly, compressed gas which spins the turbine wheel also flowing past the at least

some components of the regulator provided on the somewhat U-shaped board assembly to

remove heat from the at least some components of the regulator provided on the

somewhat U-shaped board assembly.

4. The coating dispensing device of claim 3 wherein the at least some

components of the regulator include a limiting circuit for reducing the likelihood of the

generator output running away in the event of excessive compressed gas flow to the

turbine wheel.



5. The coating dispensing device of claim 4 wherein compressed gas

which spins the turbine wheel also flows past the limiting circuit, the limiting circuit

including a heat-dissipating device which dissipates more heat when excessive

compressed gas flows to the turbine wheel, so that excessive compressed gas flow to the

turbine wheel provides increased cooling capacity to the heat-dissipating device.

6. The coating dispensing device of claim 3 wherein the limiting

circuit comprises n solid state devices, n > 1, each solid state device capable of dissipating

about 1/n of the total heat dissipated by the n solid state devices collectively.

7. The coating dispensing device of claim 3 wherein the at least some

components of the regulator include an output voltage adjusting circuit adapted to load

the generator, causing the generator's speed to drop, producing a lower generator output

voltage.

8. The coating dispensing device of claim 7 wherein the output

voltage adjusting circuit includes a magnetically actuated switch controlling current flow

through the output voltage adjusting circuit, and a magnet movable to actuate the

magnetically actuated switch selectively to place the output voltage adjusting circuit in

the regulator circuit and remove the output voltage adjusting circuit from the regulator

circuit.

9. The coating dispensing device of claim 1 further including a

regulator coupled to the generator for regulating the voltage generated by generator, at

least some components of the regulator being provided on the circuit board assembly,

compressed gas which spins the turbine wheel also flowing past the at least some

components of the regulator provided on the circuit board assembly to remove heat from

the at least some components of the regulator provided on the circuit board assembly.

10. The coating dispensing device of claim 9 wherein the at least some

components of the regulator include a limiting circuit for reducing the likelihood of the

generator output running away in the event of excessive compressed gas flow to the

turbine wheel.



11. The coating dispensing device of claim 10 wherein compressed gas

which spins the turbine wheel also flows past the limiting circuit, the limiting circuit

including a heat-dissipating device which dissipates more heat when excessive

compressed gas flows to the turbine wheel, so that excessive compressed gas flow to the

turbine wheel provides increased cooling capacity to the heat-dissipating device.

12. The coating dispensing device of claim 9 wherein the at least some

components of the regulator include a limiting circuit for reducing the likelihood of the

generator running away when the generator experiences a light load.

13. The coating dispensing device of claim 12 wherein the limiting

circuit comprises n solid state devices, n > 1, each solid state device capable of dissipating

about 1/n of the total heat dissipated by the n solid state devices collectively.

14. The coating dispensing device of claim 9 wherein the at least some

components of the regulator include an output voltage adjusting circuit adapted to load

the generator, causing the generator's speed to drop, producing a lower generator output

voltage.

15. The coating dispensing device of claim 14 wherein the output

voltage adjusting circuit includes a magnetically actuated switch controlling current flow

through the output voltage adjusting circuit, and a magnet movable to actuate the

magnetically actuated switch selectively to place the output voltage adjusting circuit in

the regulator circuit and remove the output voltage adjusting circuit from the regulator

circuit.
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