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(57) ABSTRACT 
An electrically operated ?uid dispenser for dispensing a 
pattern of viscous ?uid onto a substrate during a run mode. 
The dispenser is turned off and does not dispense the viscous 
?uid during a standby mode of operation. The dispenser 
includes a dispenser body having an outlet and an armature 
disposed in the dispenser body for movement betWeen an 
opened position allowing a ?uid ?oW from the outlet and a 
closed position preventing the ?uid ?oW from the outlet. A 
coil is mounted adjacent the armature and selectively gen 
erates an electromagnetic ?eld for moving the armature 
betWeen the opened and closed positions. A controller 
includes different apparatus and methods for using the coil 
as a heater as Well as providing other heat transfer devices 
on the dispensing valve to maintain a constant temperature 
either, during only the run mode or, during both, the run and 
the standby modes. 
The above dispensing valve heating control facilitates a 
design of an electrically operated ?uid dispenser having a 
body With a ?uid passage intersecting ?rst and second sides 
of the body and a dispensing outlet in ?uid communication 
With the ?uid passage. The dispenser includes a heater and 
has feed member mounted to the ?rst side of the body With 
one end of the ?uid passage in the feed plate ?uidly 
connecting With one end of the ?uid passage in the dispenser 
body. The dispenser also has an cap mounted to the second 
side of the dispenser body to terminate the ?uid passage on 
the second side of the dispenser body. 
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ELECTRICALLY OPERATED VISCOUS FLUID 
DISPENSING APPARATUS AND METHOD 

FIELD OF THE INVENTION 

[0001] The present invention generally relates to an appa 
ratus for dispensing viscous ?uids and more speci?cally, to 
an electrically operated apparatus for dispensing viscous 
liquids, such as hot melt adhesives. 

BACKGROUND OF THE INVENTION 

[0002] Pneumatic and electric viscous ?uid dispensers 
have been developed for dispensing applications requiring 
precise placement of a viscous ?uid. Pneumatic dispensers 
have a signi?cant advantage in that the pneumatic solenoid 
operating the dispensing valve can be made very strong, so 
that the dispensing valve operation is essentially indepen 
dent of the viscosity of the ?uid being dispensed. HoWever, 
pneumatic dispensers have disadvantages in that they gen 
erally have a shorter life than electric ?uid dispensers, and 
the operation of the pneumatic solenoid is subject to less 
precise control than the electric solenoid in an electric ?uid 
dispenser. Therefore, in some applications, electrically oper 
ated viscous ?uid dispensers are preferred over pneumatic 
viscous ?uid dispensers. 

[0003] Generally, electrically operated dispensers include 
an electromagnetic coil surrounding an armature that is 
energiZed to produce an electromagnetic ?eld With respect to 
a magnetic pole. The electromagnetic ?eld is selectively 
controlled to open and close a dispensing valve by moving 
a valve stem connected to the armature. More speci?cally, 
the forces of magnetic attraction betWeen the armature and 
the magnetic pole move the armature and valve toWard the 
pole, thereby opening the dispensing valve. At the end of a 
dispensing cycle, the electromagnet is de-energiZed, and a 
return spring returns the armature and valve stem to their 
original positions, thereby closing the dispensing valve. 

[0004] In the operation of an electric viscous ?uid dis 
pensing gun, the coupling betWeen the coil and the armature 
is not ef?cient; and therefore, in order to achieve the highest 
actuation speed, a current pulse or spike is typically pro 
vided to the coil during an initial turn-on period in order to 
initiate the motion of the armature as quickly as possible. 
HoWever, maintaining such a level of current to the coil 
quickly and substantially increases coil temperature. Fur 
ther, maintaining such a high level of current increases the 
time required for the energy stored in the coil’s inductance 
to dissipate, thereby increasing the turn-off time and the time 
required to close the ?uid dispenser. Therefore, after the 
initial current spike, the current through the coil is normally 
reduced to approximately the minimum value required to 
hold the armature in its open position by overcoming the 
opposing force of the return spring. Such a stepped current 
Waveform is useful in reducing the current induced heat load 
in the coil, thereby alloWing the coil to operate at a loWer 
temperature than if the stepped Waveform Were not used. 
HoWever, as is described beloW, the operation of the coil and 
armature during the ?uid dispensing process creates other 
heat related issues that impact the quality of the ?uid 
dispensing process. 

[0005] The continued development and use of viscous 
?uid electric dispensers has resulted in more demanding 
performance speci?cations as Well as a greater understand 
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ing of hoW heat in the dispenser can potentially effect 
performance. For example, the electric coil of an electric 
dispensing valve normally is not capable of providing the 
same forces as a pneumatic solenoid and therefore, is more 
subject to changes in resistance to valve stem motion that 
may be caused by changes in viscosity of the ?uid being 
dispensed. Thus, as the viscosity of the ?uid being dispensed 
changes, the load on the electromagnetic coil changes, and 
the time required to open and close the dispensing valve Will 
likeWise change. Such changes in timing of the dispensing 
valve opening and closing Will change the location of the 
adhesive being dispensed on the substrate. 

[0006] In addition to the above, neWer applications have 
more demanding performance speci?cations and require 
ever-increasing gun speeds, that is, a shortening of the time 
required to open and close the dispensing valve. The opera 
tional speed of the dispensing valve can be increased by 
increasing the electrical poWer applied to the electric coil 
operating the valve. The electrical poWer is normally 
increased by increasing the current being supplied to the coil 
Which also adds heat to the coil, thereby causing the tem 
perature of the coil to rise. A hotter or higher coil tempera 
ture impacts the consistency of the viscous ?uid dispensing 
in several Ways. First, heat from the coil is conducted 
through the armature and the valve stem Which is adjacent 
the valve seat and is surrounded by the viscous ?uid. As the 
temperature of the armature ?uctuates, for example, goes up, 
the viscosity of the ?uid to be dispensed likeWise ?uctuates 
and, in this example, decreases, thereby changing the ?oW of 
the viscous ?uid from the dispenser. 

[0007] Second, the speed at Which the armature can be 
moved betWeen the open and closed positions is a function 
of the rate of change of current in the coil, Which, in turn, is 
controlled by the electrical time constant of the coil. The 
electrical time constant is a function of the coil resistance 
Which, in turn, is a function of temperature. The coil utiliZed 
in the viscous ?uid dispenser discussed herein can experi 
ence an approximately 50% variation in resistance over its 
normal range of operating temperature. Such a change in 
resistance substantially affects the electrical time constant of 
the coil, thereby similarly affecting the speed at Which the 
coil can open and close the valve. 

[0008] The thermal time constant of the coil is a function 
of the coil mass and its thermal connections to surrounding 
materials such as the gun body and ambient temperature. 
The thermal time constant of the coil and its surrounding 
thermal system affects the time required for the thermal 
system to reach a steady state condition. When the dispens 
ing system is running at a constant speed, and a steady state 
condition is achieved, the thermal time constant normally 
does not present a source of variation in the operation of the 
dispensing coil. HoWever, the steady state condition can 
change for several reasons, for example, if the production 
line speed is either increased or decreased or, the dispensing 
gun is not operating and in the standby mode. Either of those 
conditions causes the coil temperature to change, and the 
thermal time constant presents a source of variations in the 
operation of the viscous ?uid dispenser. 

[0009] Of further concern is the maximum temperature 
rating of the coil Wire insulation. Under normal operating 
conditions, the temperature rating of the Wire insulation 
exceeds the Wire temperature. HoWever, in a Worse case 
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situation, if the temperature of the Wire exceeds the tem 
perature rating of the Wire insulation, the integrity of the coil 
Wire insulation may be compromised, thereby causing coil 
Windings to short-circuit together. Any coil Windings that 
short-circuit together Will change the resistance of the coil 
and potentially adversely effect the consistency of the ?uid 
dispensing operation of the dispenser. 

[0010] Thus, by using a stepped current Waveform, knoWn 
electric ?uid dispensers attempt to reduce the temperature of 
the coil. Further, it is knoWn to utiliZe a heater in a manifold 
to Which the ?uid dispenser is mounted to control the 
temperature of the ?uid circulating through the manifold and 
the ?uid dispenser, thereby indirectly controlling the tem 
perature of the dispenser itself. HoWever, as Will be appre 
ciated, there have been no attempts to control the tempera 
ture of the ?uid dispenser directly With a self contained 
device in order to maintain the electric ?uid dispenser at a 
constant temperature. 

SUMMARY OF INVENTION 

[0011] The present invention provides an improved elec 
tric dispenser for viscous ?uids that manages the thermal 
condition of the dispenser directly to provide a substantially 
improved, more consistent dispensing of viscous ?uids. The 
electric dispenser of the present invention provides more 
consistent actuation of the dispensing valve independent of 
changes in the speed of operation of the dispenser. The 
electric ?uid dispenser of the present invention reduces the 
range of temperature ?uctuations resulting from changes in 
speed of the production line and changes in the frequency of 
operation of the ?uid dispenser. Further, the electric ?uid 
dispenser of the present invention maintains a generally 
constant coil temperature independent of the rate of gun 
operation. Providing a ?uid dispenser that has a self-con 
tained temperature control that reduces the range of tem 
perature variations helps to maintain the viscosity of the 
?uid Within the dispenser constant. By better controlling the 
temperature Within the electric viscous ?uid dispenser, a 
more consistent, faster and reliable operating cycle is 
achieved. Thus, the electric dispenser of the present inven 
tion provides the advantage of dispensing a viscous ?uid 
more accurately, precisely and With a higher quality than 
Was heretofore possible. 

[0012] In accordance With the principles of the present 
invention and the described embodiments, the invention in 
one embodiment provides an electrically operated ?uid 
dispenser for dispensing a viscous ?uid onto a substrate 
during a run mode. The dispenser includes a body having an 
outlet and an armature disposed in the dispenser body for 
movement betWeen an opened position alloWing a ?uid ?oW 
from the outlet and a closed position preventing the ?uid 
?oW from the outlet. Acoil is mounted adjacent the armature 
and selectively generates an electromagnetic ?eld for mov 
ing the armature betWeen the opened and closed positions. 
A controller is connected to the coil and provides output 
signals to energiZe a coil positioned With respect to an 
armature Within the ?uid dispenser With a drive current to 
actuate the ?uid dispenser and to simultaneously maintain 
the coil at an approximately constant temperature during the 
run mode. 

[0013] In one aspect of the one embodiment, the controller 
includes poWer sWitches providing a drive current signal to 
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the coil and a thermal controller providing a current Wave 
form signal to the poWer sWitches. The current Waveform 
signal operates the poWer sWitches to maintain the coil at a 
constant temperature in response to a temperature control 
loop. 
[0014] In another aspect of the one embodiment, a heat 
transfer device is mounted in a heat transfer relationship 
With the dispenser body; and the controller is connected to 
the heat transfer device to cause the heat transfer device to 
selectively transfer heat betWeen the heat transfer device and 
the dispenser body during the run and standby modes, 
thereby maintaining the dispenser body at a constant tem 
perature during the run and standby modes. 

[0015] In a second embodiment of the invention, the 
dispenser is turned off and does not dispense the viscous 
?uid during a standby mode of operation; and the controller 
provides further output signals to energiZe the coil With a 
current to maintain the coil at an approximately constant 
temperature during the standby mode. 

[0016] In another embodiment of the invention, the coil 
has ?rst and second Windings disposed adjacent the arma 
ture, the controller selectively provides output signals to the 
?rst and second Windings of the coil to cause current ?oW in 
the coil Windings during the run and standby modes. The 
controller further includes a sWitching apparatus selectively 
placing the ?rst and second Windings in an additive rela 
tionship during the run mode to move the armature betWeen 
the opened and closed positions and in an opposing rela 
tionship during the standby mode to maintain the armature 
immobile in the closed position. 

[0017] In one aspect of this other embodiment, the con 
troller includes poWer sWitches providing a drive current 
signal to the coil; and a thermal controller for provides a 
current Waveform signal to the poWer sWitches. The current 
Waveform signal operates the poWer sWitches to maintain 
the coil at a constant temperature. The thermal controller 
generates the current Waveform signal in response to 
changes in either poWer, current or temperature variables 
With respect to a respective desired value of those variables. 

[0018] In another aspect of this other embodiment, the 
controller includes a high frequency poWer supply and a 
sWitching device connected betWeen the poWer sWitches, the 
coil and the high frequency poWer supply. The sWitching 
device connects the coil to the poWer sWitches during the run 
mode and connects the coil to the high frequency poWer 
supply during the standby mode. 

[0019] In a further aspect of this other embodiment, the 
controller includes poWer sWitches for connecting the coil 
Windings in parallel across a poWer supply to permit the duty 
cycle of the current ?oW in each of the coil Windings to be 
individually controlled, thereby uncoupling and indepen 
dently controlling the poWer heating of the coil from the 
actuation poWer provided by the coil Windings. 

[0020] In a still further embodiment of the invention, a 
method is provided for operating an electric viscous ?uid 
dispenser to maintain a coil positioned With respect to an 
armature Within the dispensing gun at an approximately 
constant temperature during the run mode by heating the 
coil. In an additional embodiment, the above method 
includes maintaining the coil at an approximately constant 
temperature While the viscous ?uid is not being distributed 
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during a standby mode by heating the coil during the standby 
mode. In different aspects of this invention, the coil is heated 
during the run and standby modes by current ?owing 
through the coil or by a separate heating and cooling heat 
transfer device. In a further aspect of the invention, the 
heating of the coil is controlled by an RMS value of the 
current in the coil. 

[0021] The above embodiments of a ?uid dispenser tem 
perature controller have the advantages of reducing the 
range of temperature variations Within the ?uid dispenser 
and normally, maintaining the temperature of the ?uid 
dispenser approximately constant. Thus, the ?uid dispenser 
temperature controller does not rely on the user being able 
to control the best current Waveform parameters, but instead, 
is adaptive and self-adjusting to maintain a constant coil 
temperature. The active temperature control protects the coil 
from overheating in the event that the user adjusts the 
current Waveform such that an excessive temperature Would 
otherWise be produced. With a constant coil temperature, the 
viscosity of the ?uid Within the dispensing gun is held more 
consistent, thereby improving the consistency of the dis 
pensing process. Further, by maintaining the constant tem 
perature over the full range of operating frequency of the 
dispensing gun, the coil temperature controller provides a 
further advantage of providing a higher quality and more 
consistent viscous ?uid dispensing operation. In addition, 
such a temperature control permits the dispensing gun to be 
consistently operated at a rate that is very close to, if not at, 
the theoretical maximum temperature limit of the gun With 
out overheating. 

[0022] In a further embodiment of the invention, an elec 
trically operated ?uid dispenser has a body With a heater and 
a ?uid passage intersecting ?rst and second sides of the body 
and a dispensing outlet in ?uid communication With the ?uid 
passage. The dispenser includes a feed member having a 
?uid passage intersecting ends of the feed plate. One end of 
the feed member is mounted to the ?rst side of the body With 
one end of the ?uid passage in the feed member ?uidly 
connecting With one end of the ?uid passage in the body. The 
dispenser also has a cap mounted to the second side of the 
body to terminate the ?uid passage on the second side of the 
body. 

[0023] In one aspect of this further embodiment, the 
dispenser includes a second dispenser With a body having a 
heater, a ?uid passage intersecting ?rst and second sides of 
the second body and a dispensing outlet in ?uid communi 
cation With the ?uid passage. The ?rst side of the second 
body is mounted to the second side of the ?rst body With one 
end of the ?uid passage in the second dispenser body ?uidly 
connecting With an opposite end of the ?uid passage in the 
?rst dispenser body. 

[0024] In other aspects of this further embodiment, the 
dispenser includes a spacer plate disposed betWeen the ?rst 
and second bodies, and the heater is comprised of either a 
coil mounted With respect to an armature Within the body or, 
a heating and cooling heat transfer device. 

[0025] This further embodiment of the invention With the 
use of the coil heater has the advantage of maintaining the 
viscous ?uid Within the passage at the desired temperature 
Without requiring a separate ?uid distribution manifold plate 
to Which the dispensing gun is normally mounted. A dis 
pensing gun of this construction has the further advantage of 
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being substantially more compact than the traditional mani 
fold plate design. Further, the construction of the dispensing 
gun is substantially less expensive; and its simpler construc 
tion provides substantially greater ?exibility in mounting the 
dispensing gun With associated equipment. 

[0026] In yet another embodiment of the invention, a 
temperature monitor for monitoring a temperature of an 
electrically operated ?uid dispenser has a coil mounted 
adjacent an armature Within the dispenser, the coil selec 
tively generates an electromagnetic ?eld to move the arma 
ture betWeen opened and closed positions. The temperature 
monitor includes current measuring apparatus for measuring 
a current in the coil and a comparator for comparing a 
measured current value to a desired current value. An 
indicator provides an indication representing a relationship 
betWeen the measured current value and the desired current 
value. 

[0027] In different aspects of this embodiment, the tem 
perature monitor measures the RMS value of the current in 
the coil and has different indicators for providing different 
indications representing different values of the measured 
current relative to a desired current value. 

[0028] The thermal monitor has the advantage of provid 
ing the user With a real time indication of Whether the user’s 
adjustments to the current Waveform provide a coil tem 
perature that is less than, close to or in excess of the 
maximum coil temperature. In addition, the thermal monitor 
has the further advantage of helping the user select the 
temperature limits Which are appropriate for the dispensing 
gun being used and the dispensing application being 
effected. 

[0029] Various additional advantages, objects and features 
of the invention Will become more readily apparent to those 
of ordinary skill in the art upon consideration of the folloW 
ing detailed description of the presently preferred embodi 
ments taken in conjunction With the accompanying draW 
mgs. 

BRIEF DESCRIPTION OF DRAWINGS 

[0030] FIG. 1 is an axial cross-sectional vieW of an 
electrically operated ?uid dispenser constructed according 
to the invention; and 

[0031] FIGS. 2A-2D are schematic diagrams of current 
Waveform signals used to provide a drive current signal to 
the coil of the dispensing valve of FIG. 1. 

[0032] FIG. 3 is a schematic block diagram of a gun 
controller that includes a thermal controller for controlling 
the temperature of the dispensing valve coil in accordance 
With the principles of the present invention. 

[0033] FIG. 4 is a schematic block diagram of one 
embodiment of the thermal controller of FIG. 3. 

[0034] FIG. 5 is a ?oW chart illustrating process steps 
associated With the learn mode of the gun controller. 

[0035] FIG. 6 is a schematic block diagram of another 
embodiment of the thermal controller of FIG. 3 utiliZing a 
current setpoint. 

[0036] FIGS. 7A and 7B are schematic block diagrams of 
further alternative embodiments of the thermal controller of 
FIG. 3 that utiliZe a temperature control loop. 
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[0037] FIG. 8 is a schematic block diagram illustrating a 
second embodiment of a gun controller for controlling the 
temperature of the dispensing valve coil in accordance With 
the principles of the present invention. 

[0038] FIG. 9 is a schematic block diagram of a further 
embodiment of a gun controller for controlling the tempera 
ture of the dispensing valve in accordance With the prin 
ciples of the present invention. 

[0039] FIG. 10 is a partially disassembled vieW of a 
dispensing gun utiliZing the coil heating capabilities of the 
present invention. 

[0040] FIG. 11 is a schematic diagram of an embodiment 
utiliZing an integrated circuit chip to detect temperature 
variations in the dispensing valve coil. 

[0041] FIG. 12 is a schematic diagram of an alternative 
embodiment for interconnecting coil Windings of a bi?lar 
coil. 

[0042] FIG. 13 is a schematic block diagram of an alter 
native embodiment of a gun controller With a thermal 
controller for controlling the temperature of the dispensing 
valve coil in accordance With the principles of the present 
invention. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0043] Referring ?rst to FIG. 1, an electrically operated 
viscous ?uid dispenser or dispensing gun 10 comprises one 
or more dispensing modules or valves 33 mounted on a ?uid 
distribution manifold plate 45 in a knoWn manner. The 
dispensing valve 33 includes a dispenser body 12 and a ?uid 
dispensing noZZle body 14. The dispenser 10 is adapted for 
dispensing high viscosity ?uids, such as a hot melt adhesive, 
but other dispensed ?uids can bene?t from the invention as 
Well. Such other ?uids include soldering ?uxes, thermal 
greases, heat transfer compounds and solder pastes. Further 
more, the dispenser 10 is mounted in a dispensing machine 
or system (not shoWn) in a knoWn manner to dispense ?uids 
in discrete amounts, preferably as droplets or dots, but 
alternatively in continuous beads. As shoWn in FIG. 1, the 
dispenser body 12 used in conjunction With the ?uid dis 
pensing noZZle body 14 is particularly constructed to dis 
pense droplets 18 of the viscous ?uid onto a substrate 19. 
Relative motion betWeen the substrate 19 and dispenser 10 
is provided in a knoWn manner. 

[0044] A valve stem 26 is mounted in an interior portion 
20 of the dispenser body 12, and the valve stem includes a 
shaft 28 through the interior portion 20. Aball 30 is mounted 
to a loWer end 28a of the shaft 28 Which is shoWn in FIG. 
1 in sealing engagement With a valve seat 32 positioned in 
the noZZle body 14. Thus, the valve stem 26 and ball 
reciprocate betWeen opened and closed positions With 
respect to the valve seat 32, thereby operating as a dispens 
ing valve 33. With the ball 30 sealingly engaging valve seat 
32, high viscosity ?uid, such as an epoXy, cannot ?oW 
through an outlet 34 in the valve seat 32. The noZZle body 
14 also has a noZZle tip 36 With an ori?ce 38 aligned With 
the outlet 34 and ?ush mounted to the valve seat 32 by a 
threaded retaining nut 40. The noZZle tip 36 can be readily 
exchanged With a different noZZle tip to produce droplets of 
a different siZe and, in some cases, a different shape. 
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[0045] A ?uid inlet passageWay 46 intersects the interior 
portion 20 and is connected to a ?uid passage 49 in the 
manifold 45 Which in turn is ?uidly connected to a source 47 
of hot melt adhesive Which normally is pressuriZed. ArroWs 
50 indicate the ?oW path of the ?uid entering through the 
?uid inlet passageWay 46 and through the interior portion 
20. 

[0046] An armature 60 is disposed Within the interior 
portion 20 and is coaXially aligned With and, preferably, 
formed integrally With shaft 28. An electromagnetic coil 70 
is disposed about the armature 60. Although any suitable 
electromagnetic coil could be used, it is contemplated that 
the electromagnetic coil 70 Will be generally toroidal in 
shape. The coil 70 is contained in a housing 72 and con 
nected to a poWer source (not shoWn). When supplied With 
electrical current, the coil 70 generates an electromagnetic 
?eld Which actuates the valve stem 26 to an open position as 
Will be described beloW. 

[0047] Abore 80 eXtends into the armature 60 to house a 
return spring 82. The return spring 82 biases the valve stem 
26 and, more speci?cally, the ball 30, to sealingly engage the 
valve seat 32 in a closed position. The return spring 82 is 
normally a compression spring Which is placed under com 
pression Within the bore 80 through engagement With an 
electromagnetic pole 84. To achieve an opened position, the 
electromagnetic coil 70 must generate a suf?cient electro 
magnetic ?eld betWeen the armature 60 and the pole 84 so 
as to attract the armature 60 and the pole 84 together. Since 
the pole 84 cannot move, the armature 60 Will move against 
the force of the spring 82 until it hits the pole 84. The stroke 
length is the distance betWeen the armature 60 and the pole 
84 as shoWn in FIG. 1. An adjustment nut 86 provides a 
means to initially set the stroke length. More speci?cally, 
braZing 88 connects the pole 84 to a tubular member 90. The 
tubular member 90 has a loWer threaded portion 92 received 
Within an internally threaded loWer housing portion 94. A 
tool, such as a screWdriver, may be used to turn the pole 84 
and, therefore, the tubular member 90, as an O-ring 96 slides 
against an interior surface of the loWer housing portion 94. 
This adjustment varies the distance betWeen the loWer end of 
the pole 84 and the upper end of the armature 60 or, in other 
Words, varies the stroke length of the valve stem 26. A loWer 
donut 98 is disposed about the tubular member 90 and rests 
against an upper side of the loWer housing portion 94 While 
an upper donut 100 is held against the coil housing 72 by the 
nut 86 and a lock Washer 102. Such a dispenser 10 is further 
described in commonly-assigned, US. Pat. No. 5,875,922, 
entitled APPARATUS FOR DISPENSING AN ADHESIVE, 
issued on Mar. 2, 1999, Which is hereby incorporated by 
reference herein in its entirety. 

[0048] As previously discussed, electric guns are preferred 
because of the precision With Which they may be controlled 
during a manufacturing operation. HoWever, electric guns 
have a disadvantage in that temperature variations Within the 
gun directly effect the guns’ performance. Further, knoWn 
electric ?uid dispensers apply a stepped current Waveform to 
the coil that has an initial spike and then steps doWn to a 
magnitude suf?cient to hold the valve stem 28 in its open 
position by overcoming the opposing force of the return 
spring 82. A series of such current Waveform signals is 
schematically illustrated in FIG. 2A. To turn the gun on, 
thereby opening the dispensing valve 33, an initial current 
magnitude Ipk is applied for a duration or period of time Tpk 
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in response to a trigger pulse. Thereafter, the current is 
reduced to a lesser hold level Ih for the remaining period of 
the on-time Ton. The Zero current value is then maintained 
for an off-time TOEE during the remaining time of the current 
Waveform period Tp. As Will be appreciated, the Waveform 
illustrated in FIGS. 2A-2D is for purposes of discussion and 
the real Waveform consists of exponential functions that 
transition the current betWeen levels. The real time on-time 
Wave shape can look radically different from the idealiZed 
Waveform of FIG. 2A-2D, depending on many factors such 
as Ipk, Ih, Tpk, Ton, Tp, Loon, Room, etc. The TOn and Tp are 
related to the adhesive pattern required for a particular 
product. The inductance and resistance of the coil are a 
function of the gun itself, and the Ipk is normally bounded by 
the limits of magnetic saturation of the dispensing gun 10. 

[0049] The current Waveform period Tp is inversely 
related to frequency. Thus, as the frequency of the trigger 
pulses increases, the period Tp of the current Waveform 
decreases. Thus, over time, coil heating is a function of the 
frequency of operation of the dispensing gun 10, the peak 
current magnitude Ipk, the duration of the peak current Tpk, 
the magnitude of the hold current Ih and the current Wave 
form on-time Ton. Initial values of magnitudes of the peak 
and hold currents are based on the coil speci?cations, 
hoWever, the peak current magnitude Ipk, the magnitude of 
the hold current Ih and the duration of the peak current Tpk 
are all adjustable by the user. The user often adjusts the 
current Waveform and the dispensing line rate in order to 
tune the dispensing operation to its peak performance. 
HoWever, the user has no real time feedback as to the effects 
of such adjustments on the coil temperature Which, as 
discussed earlier, can have adverse effects on the quality of 
the dispensing process. Thus, such system tuning is also 
in?uenced by other constantly changing conditions Which 
make such adjustments not repeatable and someWhat of an 
art form. 

[0050] The present invention actively controls the current 
Waveform parameters over substantially the full range of 
operation of the dispensing gun 10, so that the coil tempera 
ture is maintained at a constant value less than a maXimum 
coil temperature. If coil temperature is maintained constant 
for different triggering frequencies, the adverse effects of 
changes in coil temperature are eliminated, thereby provid 
ing a more consistent and precise viscous ?uid dispensing 
operation. 

[0051] One embodiment for regulating coil temperature is 
illustrated in FIG. 3 in Which the coil 70 is a bi?lar coil, that 
is, a coil having tWo independent coil Windings 110, 112. 
The coil Windings are connected by a sWitching device 114 
Which can be implemented using sWitching relay or semi 
conductor sWitches such as MOSFET, IBGT, BJT, etc. In 
FIG. 3, the sWitching device 114 is illustrated as a sWitching 
relay comprised of sWitching contacts 116 and a sWitching 
solenoid 118. During a run mode during Which ?uid is being 
dispensed, the sWitching device 114 connects the coil Wind 
ings 110, 112 via the contacts A such that the ?rst coil 
Winding 110 is in series With the second coil Winding 112, 
and the current therethrough ?oWs in a common direction 
With respect to the coil polarity of the coil Windings 110, 
112. In a standby mode, the dispensing gun 10 is inactive; 
and therefore, in response to a standby signal, the sWitching 
device 114 sWitches the coil Winding 112 to contacts B, 
thereby connecting the coil Windings 110, 112 in opposition. 
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Thus, during the standby mode, current ?oWs through coil 
Winding 110 in one direction With respect to its coil polarity, 
hoWever, current ?oWs in the opposite direction in Winding 
112 With respect to its coil polarity. The ?uX ?elds created 
by Windings 110 and 112 oppose and cancel each other. With 
a net ?uX of Zero, the current ?oW through the coil 70 is 
unable to overcome the force of the return spring 82. 
Consequently, during the standby mode, the armature is 
maintained immobile in the presence of current ?oW through 
the coil 70, and the dispensing valve 33 remains in its closed 
position. Consequently, a substantially constant current 
?oWs through the coil 70 at all times independent of the 
dispensing operation of the dispensing valve 33, thereby 
maintaining a substantially constant temperature Within the 
coil 70. 

[0052] Referring to FIG. 3, the coil 70 is connected to a 
gun controller 120 including a poWer supply 122, a coil 
current modulator 124, a thermal controller 126 and a 
current sensor 128. The current sensor 128 can implement 
one of many current measuring methods including using a 
simple resistor, a Hall effect device, a current transformer, 
etc. The gun controller 120 is further connected to a machine 
or system control 130 and provides output signals to Warn 
ing and fault indicators 132 Which may be included Within 
the gun controller 120 or a part of other devices, for 
eXample, the system control 130. The system control 130 
includes all of the other knoWn dispensing system or 
machine controls necessary for the operation of the dispens 
ing system. The system control 130 also includes input 
devices such as a keypad, pushbuttons, etc. and output 
devices such as a display, indicator lights, etc. that provide 
communication links With a user in a knoWn manner. The 

thermal controller 126 can be implemented using analog or 
digital circuit components; hoWever, the thermal controller 
is normally implemented With a programmable microcom 
puter control that operates in response to stored program 
instructions as Well as signal inputs to the controller 126. 

[0053] In this embodiment of the invention, in order for 
the temperature of the coil 70 to remain constant, the poWer 
being supplied to the coil should also be constant. The poWer 
to the coil can theoretically be no more than the poWer being 
supplied to the coil With the production line running at its 
maXimum rate. In order to determine that poWer value, the 
gun controller 120 eXecutes a learn mode of operation Which 
is typically initiated by the user actuating a sWitch on the 
system control 130 that provides a learn signal on an output 
130 to the gun controller 120. A schematic functional block 
diagram of one embodiment of a portion of the thermal 
controller 126 is illustrated in FIG. 4. The thermal controller 
126 includes a poWer control 137 that is implemented With 
a programmable microprocessor control having pro 
grammed instructions to implement the devices shoWn 
Within the control 137. The learn mode process executed by 
the thermal controller of FIG. 4 is illustrated by the ?oW 
chart illustrated in FIG. 5. The ?rst step, at 502, of the learn 
mode process is to operate the dispensing gun 10 at its 
maXimum rate. Normally, the system control 130 is used to 
run the production line at its maXimum rate Which, in turn, 
causes the dispensing gun 10 to also operate at its maXimum 
rate. 

[0054] The dispensing gun 10 is operated in response to a 
trigger pulse suppled on output 131 from the system control 
130. With each trigger pulse, a Waveform signal, as illus 
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trated in FIG. 2A, is provided by a Waveform generator 148. 
The Waveform signal, for example, a current Waveform, 
determines the Waveform of an output signal, for example, 
a drive current, that is provided by the coil current modulator 
124. The values of Ipk and Tpk are generally chosen as a 
function of the viscosity of the ?uid being dispensed. 
Further, the value of the hold current Ih is set to a nominal 
value equal to the minimum current required to hold the 
valve in the open position, that is, the minimum value of 
current to overcome the biasing force of the compressed 
spring 82 (FIG. 1). That current Waveform passes through 
the D/A converter 149 and from the thermal controller 126 
on an output 151. The current Waveform then drives poWer 
sWitches 154 in the coil current modulator 124 to provide the 
desired current or poWer from the poWer supply 122 to the 
coil 70. Thus, the dispensing valve 33 is operated at the 
maximum frequency that Would be expected in the current 
application. Alternatively, it may be possible to use the 
system control 130 to operate the dispensing valve 33 
independently of the production line. Next, at 503, the rate 
at Which trigger pulses are being generated at the maximum 
frequency is stored in the system control 130. As Will be 
appreciated, this process step is optional depending on hoW 
current is applied to the coil in the standby mode of 
operation. 
[0055] When operating in the learn mode, the maximum 
current or poWer being consumed by the dispensing gun 10 
must be identi?ed to establish a poWer target or setpoint for 
the control of the gun during the run or dispensing mode of 
the dispensing gun 10. Thus, the next step 504 in the learn 
mode is to measure the current flow through the coil 70 
While the gun is operating at its maximum rate. In one aspect 
of the invention, the current is measured by a current sensor 
128, and a measured current value on an output 129 is 
provided to the controller 126 by means of anA/D converter 
136 of FIG. 4. The digital current value from the A/D 
converter 136 is then sampled, averaged and stored. The 
RMS value of the current or the voltage at the coil is a 
measure of the heating poWer in the coil. Therefore, nor 
mally, the RMS value of the current is computed, Which 
provides a value that is very representative of the tempera 
ture of the coil. As is appreciated, computing the RMS value 
of the current consumes signi?cant resources Within the 
control 137. Therefore, alternatively, the current sensor 128 
output can be input to an integrated circuit chip that senses 
the current and provides a DC voltage output having a 
magnitude value proportional to the RMS value of the 
sensed current. Such an integrated circuit chip is illustrated 
as chip 180 in FIG. 11, and an output 188 from the chip 180 
is then an input to the A/D converter 136. 

[0056] The learn mode at 506 then requires a computation 
of the coil poWer at the maximum gun operating rate. The 
coil poWer is determined Within the controller 126 by a 
current-to-poWer converter 138. As Will be appreciated, any 
knoWn relationship betWeen current, voltage, coil resistance 
and poWer may be used to compute the poWer, hoWever, the 
poWer is normally computed utiliZing the formula P=I2cO?>< 
Room. Thus, the resistance of the coil is required for the 
poWer computation. The resistance of the coil can be deter 
mined in one of several Ways. First, a previously determined 
and stored coil resistance value can be read from a store (not 
shoWn) Within the processor 126 and used in the current 
to-poWer conversion. HoWever, as discussed earlier, the 
resistance of the coil is a function of the coil temperature. 
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Therefore, alternatively, a table correlating coil temperature 
to coil resistance values may be stored in the controller 126, 
and a temperature sensor 139, shoWn in phantom in FIG. 3, 
mounted in a heat transfer relationship With the coil 70 can 
be used to detect the temperature of the coil. In this aspect 
of the invention, the temperature sensor 139 is read by the 
controller 126 and a comparable coil resistance read from 
the table. 

[0057] Alternatively, the resistance of the coil can be 
calculated in real time based on temperature measurements 
from the sensor 139 in accordance With the equation 
Rh=Rc(1+(X(Th—TC)), Where Rh and R0 are the respective hot 
and cold resistances of the coil; Th and T0 are the respective 
hot and cold temperatures of the coil; and a is the coefficient 
of thermal resistance of copper, that is, 0.00218/° F. A 
preproduction cold resistance of the coil Rc is determined at 
T0 by applying minimal poWer to the coil and calculating Rc 
as the ratio of an applied voltage to a measured current. The 
Tc, Rc and alpha values are stored, and at selected times 
during the run mode, the temperature of the coil Th is 
measured With the sensor 139, and the above formula is used 
With the stored values to calculate the resistance of the coil 

Rh. 
[0058] In a further alternative, the resistance of the coil 
can be measured in real time by other methods. For example, 
referring to FIG. 2B, during the off-time TOEE of the current 
Waveform, the control circuit provides a sample current 
pulse to the coil 70; and the coil current and voltage are 
measured in a knoWn manner. The resistance value of the 
coil can then be computed from the samples of voltage and 
current in accordance With Ohm’s LaW. FIG. 2C illustrates 
another method in Which during the off-time T01f of the 
current Waveform, a small, non-Zero, substantially constant 
magnitude current Waveform is applied to the coil 70. In a 
similar manner, the coil current and voltage are measured 
and used to compute the resistance of the coil 70. The 
magnitude of the small, nonZero current of FIGS. 2B and 
2C is less than the magnitude of the hold current, so that the 
even though the coil is electrically turned-on, the spring 
force maintains the coil 70 mechanically turned-off. 

[0059] Coil resistance can be measured using a still further 
alternative illustrated in FIG. 2D in Which a sine Wave is 
applied to the coil 70 during the off-time TOEE of the current 
Waveform. The sine Wave has a peak-to-peak value that is 
less than the magnitude of the hold current, so that the coil 
70 is electrically on but mechanically off. Further, the sine 
Wave normally has a frequency of approximately 67 HertZ, 
but as Will be appreciated, other frequencies may be used. 
The coil 70 is a combination of an inductance and a 
resistance. With a pure inductance the voltage Waveform 
leads the current Waveform by 90°. HoWever, the resistance 
component of the coil 70 Will proportionally reduce the 
amount by Which the voltage Waveform leads the current 
Waveform. That lead time can be determined by detecting a 
Zero crossing of the voltage Waveform on output 123 of the 
poWer sWitches 154 (FIG. 3) that is applied to the coil 70. 
That Zero crossing is used to start a timer or counter (not 
shoWn) in the thermal controller 126; and thereafter, the next 
Zero crossing of the current Waveform as detected on the 
output 129 of the current sensor 128 is used to stop the 
counter. That measured time shift can be used in conjunction 
With a table correlating time shift to coil resistance values to 
determine a current resistance of the coil 70. The table of 
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time shift versus coil resistance values is created experi 
mentally. In a preproduction test using the coil 70, the 
resistance and temperature of the coil 70 can be measured 
With instrumentation in response to operating the coil at 
different poWer levels and hence at different temperatures. 
The time shift can be measured and recorded in the manner 
described above, and a table of time shift versus coil 
resistance and temperature created and stored. 

[0060] After the coil poWer at the maximum dispensing 
rate is computed, the learning process, at 508 of FIG. 5, then 
causes the control 137 to set the poWer setpoint or target 
equal to the computed coil poWer value. Thus, the maximum 
dispensing rate is going to produce a desired maximum 
temperature of the coil 70, and the poWer or target setpoint 
is correlated to and representative of that maximum tem 
perature. Consequently, maintaining the poWer in the coil 
equal to the poWer setpoint Will result in the coil 70 being 
maintained at a constant temperature equal to the desired 
maximum temperature. The learning process further, at 510, 
determines Whether the poWer setpoint is greater than a 
predetermined and stored maximum value; and if so, at 512, 
a Warning indicator 132 is activated. 

[0061] After the poWer setpoint has been determined in the 
learn mode, the gun controller 120 is ready to begin opera 
tion in one of tWo operational modes, that is, a run mode or 
a standby mode. One of those modes is normally selected by 
a signal on output line 140 from system control 130 in 
response to a user input or selection. In the run mode, the 
thermal controller 126 causes the sWitching device 114 to 
connect the coil Winding 112 to contacts A, thereby con 
necting the contact Windings 110, 112 in series. In this 
connection, the ?ux generated by the current ?oWing 
through the coil Windings 110, 112 is in the same direction 
and effective to operate the armature 60 of the dispensing 
valve 33. When in the standby mode, the sWitching device 
114 sWitches the connections of the coil Winding 112 to the 
B contacts, thereby placing the coil Windings 110, 112 in 
opposition. The ?ux generated by current ?oW through the 
coil Windings 110, 112 is in opposition and in a canceling 
relationship. Thus, With little or no net ?ux, the current 
through the coil Windings 110, 112 is incapable of moving 
the armature of the viscous ?uid dispenser 10. 

[0062] Assuming the dispenser 10 is operating in the run 
mode, a measured current signal from the current sensor 128 
is provided to the A/D converter 136 of the thermal con 
troller 126. In a manner as previously described, the value of 
the current is used With the coil resistance to determine a 
poWer value in the current-to-poWer converter 138. That 
poWer value is then compared or algebraically summed in a 
comparator or summing junction 141 With the poWer set 
point determined during the learn mode. The difference 
betWeen the currently measured poWer value from the 
converter 138 and the poWer setpoint is provided as an error 
signal on output 142 from the comparator 141. If the 
measured poWer is greater than the poWer setpoint, a Warn 
ing indicator 132 may be activated indicating to the user that 
the selected current Waveform parameters are producing a 
coil temperature in excess of the selected maximum coil 
temperature. Thus, the user can then modify the current 
Waveform parameters until the Warning indicator is deacti 
vated, thereby assuring the user that the current Waveform is 
producing a coil temperature less than the maximum tem 
perature. 
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[0063] The error signal on output 142 is input to a feed 
back controller 144 Which is normally implemented using a 
proportional-integral-derivative (“PID”) in a knoWn manner. 
HoWever, as Will be appreciated, other control schemes may 
be used. An output signal from the feedback controller 144 
is provided to a poWer-to-current converter 146. The poWer 
value is converted to a current value utiliZing knoWn rela 
tionships as described With respect to the operation of the 
current-to-poWer converter 138. In other Words, given a 
poWer value from the feedback controller 144 and a coil 
resistance value, a current value is readily determined. 

[0064] That current value is then supplied to a Waveform 
generator 148 Which, in turn, is initiated by a trigger pulse 
on output 131 of the system control 130. The trigger pulse 
de?nes the point in time at Which the current Waveform is to 
be supplied to the coil 70, thereby opening the dispensing 
valve 33. The trigger pulses are normally produced Within 
the system control 130 by a knoWn pattern controller or 
programmable limit sWitch (not shoWn). The pattern con 
troller stores a matrix of values that represent the operation 
of various dispensing guns to provide the desired dispensing 
operation. The generation of a trigger pulse to initiate the 
operation of a dispensing gun 10 is determined by a relative 
position of a detectable feature or portion of the substrate 19 
With respect to the dispensing gun 10. That relative position 
can be determined and tracked by utiliZing the pattern 
controller or programmable limit sWitch in a knoWn manner. 
Thus, in response to each trigger pulse, the Waveform 
generator 148 provides an output to control the operation of 
a D/A converter 149 in such a manner as to provide the 
stepped Waveform illustrated in FIG. 2. 

[0065] In producing the stepped Waveforms of FIGS. 
2A-2D, the Waveform generator 148 normally chooses val 
ues of Ipk and Tpk as a function of the viscosity of the ?uid 
being dispensed. In some applications, it may be appropriate 
to assume that the viscosity of the ?uid remains constant; 
and therefore, the values of Ipk and Tpk may be chosen and 
remain ?xed throughout the dispensing cycle. In other 
control systems, it is knoWn to provide signals representing 
changes in viscosity. A table of Ipk and Tpk values associated 
With different viscosity values may be established and the 
appropriate Ipk and Tpk values chosen as a function of a 
currently determined viscosity value. The dispensing on 
time TOn varies as a function of the operating speed of the 
dispensing system Within Which the dispensing gun 10 
operates. Further, the value of the hold current Ih is nomi 
nally set to a value equal to the minimum current required 
to hold the valve in the open position, that is, the minimum 
value of current to overcome the biasing force of the 
compressed spring 82 (FIG. 1). 

[0066] If the dispensing system is operating at its maxi 
mum rate, the current being detected by the current sensor 
128 results in a poWer value that is substantially equal to the 
poWer setpoint; and hence, there is a Zero difference signal 
on the output 142 from the summing junction 141. There 
fore, in that situation, theoretically no modi?cation of the 
current Waveform driving the coil 70 is required. HoWever, 
as Will be appreciated, the dispensing system may often be 
operated at a rate that is less than the maximum operating 
rate. In those situations, the current measured by the current 
sensor 128 Will result in a poWer value from the converter 
138 that is less than the poWer setpoint. If the coil is operated 
at that lesser current value, the temperature of the coil Will 
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drop from the temperature it had achieved during operation 
at maximum rate. That lesser temperature changes the 
resistance of the coil 70 and further results in a decrease in 
the temperature of the coil. The disadvantages of such 
temperature variations have previously been discussed. 
Therefore, in accordance With the principles of the present 
invention, if the RMS current value provided to the sum 
ming junction 141 decreases, it is desirable to subsequently 
increase the RMS current value being supplied to the coil 70 
so that the poWer being consumed by the coil 70 remains 
substantially constant and equal to the poWer setpoint. Thus, 
the current Waveform functions to provide a drive current to 
the coil 70 (FIG. 1) that ?rst, moves the valve stem 28 to 
open the dispensing valve 33 and dispense the viscous ?uid 
and second, simultaneously varies current in the coil 70 to 
maintain a substantially constant temperature. 

[0067] The analog current value on the output 151 of the 
D/A converter 149 is provided to a coil current modulator 
124 (FIG. 3). The modulator 124 includes a comparator or 
summing junction 150 having inputs responsive to the 
output 151 of the D/A converter 149 and the output 129 of 
the current sensor 128. The summing junction 150 provides 
an output 152 that is an error signal representing the differ 
ence betWeen those tWo current values. That error signal is 
used to provide a pulse Width modulation of the poWer 
sWitches 154 in a knoWn manner. The poWer sWitches 154 
operate to provide a desired drive current signal to the coil 
70 but With a current Waveform having a general shape 
corresponding to the shape determined by the Waveform 
generator 148. The coil sWitches are normally semiconduc 
tor sWitches such as, for eXample, MOSFET sWitches or 
bipolar transistors Which can be con?gured in knoWn 
H-bridge or other sWitching circuit. 

[0068] If the dispensing system is operating at less than its 
maXimum rate, heat may be added to the coil 70 in one of 
several different Ways. First, the Waveform generator 148 
increases the value of the hold current Ih in response to an 
output from the feedback controller 144. As the hold current 
increases, the current sensor 128 Will detect an increase in 
the current value Which, in turn, Will increase the value from 
the poWer converter 138. That process is iterated until the 
poWer value from the poWer converter 138 is equal to the 
poWer setpoint and the error signal on the output 142 of the 
summing junction 141 has an approximately Zero value. 
Alternatively, the Waveform generator 148 can increase the 
time Width Tpk of the peak current Ipk. As a third alternative, 
the Waveform generator 148 can also increase the magnitude 
of the peak current Ipk in response to an error signal on the 
output 142 of the summing junction 141. The eXtent to 
Which the peak current can be varied is a function of the 
current required to saturate the magnetic circuit. As Will be 
appreciated, the Waveform generator 148 can modify one or 
more of the above variables in a desired pattern to control 
the current being supplied to the coil 70. 

[0069] Thus, in accordance With the above, the gun con 
troller 120 is effective to maintain the poWer and hence, the 
temperature, of the coil 70 substantially constant, indepen 
dent of the operating frequency of the dispensing gun 10 
during the run mode. Thus, the current Waveform functions 
to provide an appropriate drive current to the coil 70 (FIG. 
1) that ?rst, moves the valve stem 28 to open the dispensing 
valve 33 and dispense the viscous ?uid and second, simul 
taneously varies current in the coil 70 to maintain a sub 
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stantially constant temperature. Therefore, the gun controller 
120 of FIG. 3 not only provides the proper current Wave 
form to actuate the ?uid dispensing gun, but it introduces 
heat into the coil in a controlled manner to reduce the range 
of temperature variations that Would otherWise be experi 
enced by the ?uid dispenser. 

[0070] At a subsequent time, the user Will sWitch the 
system from the run mode into the standby mode. The state 
of the signal on output 140 of the system control changes, 
Which causes the thermal controller to change the state of 
operation of the sWitching solenoid 118, thereby sWitching 
the contacts 116 to the B contacts and placing the coils in 
opposition. Simultaneously, the coil current modulator 
sWitches the poWer sWitches 154 on at a predetermined 
magnitude for the duration of the standby mode, thereby 
supplying continuous current How the coil Windings 110, 
112. The predetermined magnitude of the current is normally 
determined by the average value of current supplied to the 
coil during the run mode. Therefore, during the standby 
mode, current is supplied to the coil 70 in a manner as 
previously described With respect to the run mode. The 
opposing relationship of the coil Windings 110, 112 prevents 
the armature from being moved, and the dispensing valve 
remains closed. HoWever, the poWer being supplied to the 
coil remains equal to the poWer setpoint, and the temperature 
of the coil in the standby mode remains substantially con 
stant. As Will be appreciated, instead of applying a constant 
current magnitude during the standby mode, alternatively, 
the pattern controller Within the system control 130 provides 
output of trigger pulses at a frequency that is equal to the 
maXimum frequency of the trigger pules that Was stored 
during the learn mode, thereby supplying continuous current 
How the coil Windings 110, 112. 

[0071] An alternative embodiment of the microprocessor 
control 137 is illustrated in FIG. 6. As Will be appreciated, 
the poWer control 137 of FIG. 4 requires tWo current/poWer 
conversions in the converters 138, 146. Those current/poWer 
conversions must be performed in real time and utiliZe 
valuable processor time. The devices Within the current 
control 160 of FIG. 6 utiliZe only current, thereby elimi 
nating the requirement for the converters 138, 146. In a 
manner similar to that previously discussed, during the 
learning mode, the current control 160 is implemented With 
a microprocessor controller and stores a current setpoint 
value ISp measured by the current sensor 128 When the 
dispensing system is operating at its maXimum rate. Thus, 
the maXimum dispensing rate is going to produce a desired 
maXimum temperature of the coil 70, and maintaining the 
current in the coil equal to the current setpoint Will result in 
the coil 70 being maintained at a constant temperature equal 
to the desired maXimum temperature. Thereafter, during the 
run and standby modes, the A/D converter 136 provides a 
digital signal to the comparator or summing junction 141 
Which algebraically adds or compares the measured current 
value during the run and standby modes With the current 
setpoint. If the measured current value is greater than the 
current setpoint, a Warning indicator or other diagnostic can 
be activated. The difference betWeen those current values is 
provided as an error signal on the output 142 of the summing 
junction 141. A feedback controller 162 utiliZes a control 
loop such as a PID control to provide a signal to the 
Waveform generator 164. The Waveform generator 164 
operates in a manner as previously described to modify the 
hold current, spike duration or peak current either individu 
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ally or in combination to provide a drive signal to the D/A 
converter 149. The D/A converter 149 provides a signal on 
the output 151 to the current modulator 124 such that the 
current provided to the coil 70 is maintained at the setpoint 
value. Thus, the temperature of the coil 70 is maintained 
constant, and the coil temperature does not contribute to 
changes in viscosity of the ?uid being dispensed. 

[0072] Astill further embodiment of the thermal controller 
126 is illustrated in FIG. 7A Which uses a temperature 
control loop as opposed to a current control loop. A tem 
perature setpoint TSp is generally a function of the coil 
insulation system and may, for example, be 425° F. The 
temperature setpoint can selected by the user using input 
devices associated With the system control 130. Alterna 
tively, the temperature setpoint can be automatically estab 
lished in the learn mode by reading the valve of the 
temperature sensor 139 When the dispensing system is 
operating at its maXimum rate. The temperature sensor 139 
can be implemented With any knoWn temperature sensing 
device, for eXample, a resistance temperature device, a 
thermocouple, a thermistor, a solid state sensor, etc. 

[0073] Thereafter, during the run and standby modes, a 
measured temperature signal is provided as an input to the 
summing junction 142. The summing junction 141 algebra 
ically adds or compares the measured temperature value 
during the run and standby modes With the temperature 
setpoint. If the measured temperature value is greater than 
the current setpoint, a Warning indicator or other diagnostic 
can be activated. The difference betWeen those temperature 
values is provided as an error signal on the output 142 of the 
summing junction 141. The feedback controller 162 and 
Waveform generator 164 operate in a manner as previously 
described to modify the hold current, spike duration or peak 
current either individually or in combination to provide a 
drive control signal to the D/A converter 149. The D/A 
converter 149 provides a comparable analog signal on 
output 151 to the current modulator 124 such that the current 
provided to the coil 70 is regulated to maintain the tempera 
ture of the coil 70 at the temperature setpoint value. Thus, 
the constant coil temperature maintains a constant viscosity 
of the ?uid being dispensed. 

[0074] Another embodiment of the thermal controller 126 
having a temperature control loop is illustrated in FIG. 7B. 
An A/D converter 133 has an input connected to an output 
123 of the poWer sWitches 154; and an A/D converter 135 
has an input connected to an output 129 of the current sensor 
128. A temperature calculator 145 is responsive to the 
voltage and current signals from the respective A/D con 
verters 133, 135 to provide on its output 161 a signal 
representing a current, measured temperature of the coil 70. 
This embodiment can be used to determine the temperature 
setpoint TSP using either of the alternative off-time current 
Waveforms illustrated in FIGS. 2B-2C. In a learn mode, With 
the dispensing system operating at its maXimum rate, after 
the temperature calculator 145 samples the voltage and 
current signals from the A/D converters 133,135, the resis 
tance of the coil can be computed in accordance With Ohm’s 
LaW. The maXimum temperature or temperature setpoint is 
then read from a table correlating coil resistance to coil 
temperature that had been previously determined by experi 
mentation as previously described. 

[0075] The maXimum temperature or temperature setpoint 
can alternatively be determined using the off-time Waveform 
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as previously described using the sinusoidal Waveform of 
FIG. 2D. It should be noted that the initiation of the 
sinusoidal Waveform of FIG. 2D is delayed for a short 
period of time after the end of the on-time. That delay 
provides time for any currents induced by the collapsing 
electromagnetic ?eld to dissipate. During the application of 
the sinusoidal Waveform, the temperature calculator 145 
detects a Zero crossing of the voltage Waveform on output 
123 of the poWer sWitches 154 (FIG. 1) that is applied to the 
coil 70. That Zero crossing is used to start a timer or counter 
(not shoWn) in the temperature calculator 145; and thereaf 
ter, the temperature calculator 145 detects the neXt Zero 
crossing of the current Waveform as detected on the output 
129 of the current sensor 128. That Zero crossing of the 
current Waveform is used to stop the counter; and therefore, 
the value measured by the counter in the temperature 
calculator 145 represents a measured time shift betWeen the 
voltage and current signals that are applied to the coil 70. 
The temperature calculator 145 uses that measured time shift 
in conjunction With a table correlating time shift to tem 
perature that Was created as previously described, and the 
temperature calculator 145 provides on its output 161 a 
signal representing the current temperature of the coil 70. 

[0076] When the dispenser is operating in the run mode, 
the embodiment of FIG. 7B can utiliZe any of the current 
Waveforms illustrated in FIGS. 2B-2D to continuously pro 
vide a measured temperature signal on the output 161 of the 
temperature calculator 145. That measured temperature sig 
nal to provided to the comparator 141 to produce an error 
signal therefrom and modify the current Waveform as 
described With respect to FIG. 7A to maintain the tempera 
ture of the coil 70 at the desired temperature setpoint value. 

[0077] Referring to FIG. 8, an alternative embodiment of 
the invention for maintaining a constant coil temperature is 
illustrated. In this embodiment, a standard coil 71 is utiliZed 
and is connected to the current sensor 128. A sWitching 
device 170, for eXample, a sWitching relay, has a sWitching 
solenoid 171 connected to sWitching contacts 172. As pre 
viously described With respect to FIG. 3, the thermal 
controller 126 provides a run/standby signal on an output 
127 as it is received from the system control 130. The 
run/standby signal is provided to the sWitching solenoid 171 
over the output 127 of the thermal controller 126. In the run 
mode, the sWitching solenoid 171 moves the sWitching 
contacts 172 to the illustrated Aposition, thereby connecting 
the coil 71 to the poWer sWitches 154. In the run mode, the 
gun controller 120 operates in a manner substantially iden 
tical to that described With respect to FIGS. 3-6. A drive 
current signal is provided to the coil 71 that is derived from 
a current, poWer or temperature setpoint, Whichever is used. 

[0078] When the thermal controller 126 detects that the 
operating mode has been sWitched to the standby mode, the 
state of the signal on the output 127 is changed, thereby 
causing the sWitching solenoid 177 to sWitch the contacts 
172 to the B contacts. In this position, the coil 71 is 
connected to a high frequency poWer supply 173. The output 
frequency of the high frequency poWer supply 173 is chosen 
to have a frequency value higher than the response time of 
the coil, that is, sufficiently high that the coil 71 is incapable 
of moving the armature 60. If the high frequency signal 
sWings equally above and beloW an average value, the gun 
acts like a loW pass ?lter. If the average value is Zero, the gun 
Will not be actuated. Further, the frequency chosen should 
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not permit the coil 71 to dither the armature 60 and dis 
pensing valve 33 to such an extent that the dithering action 
generates heat at the end of the dispensing gun 10 or permits 
minute quantities of ?uid to pass through the dispensing 
valve 33. Therefore, such a frequency may be 10 KHZ or less 
or as high as 1 MHZ or more; but normally, the frequency is 
around 100 KHZ. 

[0079] In a manner similar to that previously described 
With respect to poWer sWitches 174, the high frequency 
poWer supply 173 is responsive to the output 152 of sum 
ming junction 150 in order to vary the magnitude of the high 
frequency signal applied on the output 174 of the poWer 
supply 173. The net result is that the average or RMS current 
as detected by the current sensor 128 and thermal controller 
126 is maintained equal to the respective current, poWer or 
temperature setpoint during the standby mode of operation, 
thereby maintaining the temperature of the coil 71 constant 
and hence, a more constant viscosity Within the dispensing 
gun 10. 

[0080] Referring to FIG. 9, a further embodiment of the 
apparatus for controlling the temperature of the coil 71 is 
illustrated. The coil 71 is mounted adjacent an armature 60 
Within a dispensing body 12. One or more Peltier elements 
176 are mounted on the exterior of the dispensing body 12. 
A heat sink 177 is mounted over the Peltier element 176. A 
Peltier element is a tWo-terminal bidirectional device 
capable of heating or cooling by reversing the direction of 
current ?oW through the Peltier element. Peltier elements are 
commercially available from Melcor of Trenton, N]. 

[0081] In one mode of operation, the gun controller 120 
receives a run/standby signal from the system control 130 
and a Waveform generator 165 creates a Waveform similar to 
that described With respect to FIG. 2A. The variables 
associated With the Waveform are determined in a traditional 
manner in that the peak current magnitude Ipk and peak 
current duration Tpk are determined as a function of the 
viscosity of the ?uid being dispensed. Further, the hold 
current Ih is determined to be the minimum current required 
to hold the dispensing valve 33 open. That Waveform is 
provided to the coil current modulator 124 and a drive 
current signal is provided to the coil 71 in accordance With 
the output from the Waveform generator 165 and the feed 
back from the current sensor 128 in a manner similar to that 

previously described. In this embodiment, a temperature 
setpoint TSp is provided to a summing junction 179. The 
temperature setpoint may either be permanently stored 
Within the gun controller 120 or provided in any of the Ways 
previously described With respect to FIG. 7B including 
utiliZing the current Waveforms of FIGS. 2B-2D. The sum 
ming junction 179 compares the temperature setpoint With a 
temperature feedback signal and provides a signal repre 
senting the difference betWeen the inputs to a Peltier heat/ 
cool control 181. The temperature feedback signal is pro 
vided in any one of several Ways. For example, the 
temperature feedback signal may be a temperature sensing 
device 175, shoWn in phantom, that is mounted in a heat 
transfer relationship With the coil 71. The temperature 
sensing device 175 can be any of several knoWn devices may 
be used, for example, a temperature resistance device, 
thermal couple or other knoWn temperature sensing device. 
Further, as Will be appreciated, instead of using a separate 
temperature sensing device 175, the Peltier element 176 can 
be used to sense the temperature. The heating/cooling cycles 
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of the Peltier element 176 can be interrupted for short 
periods of time during Which the Peltier element 176 pro 
vides an output voltage proportional to temperature. Alter 
natively, the temperature feedback signal may be provided 
by using any of the current Waveforms of FIGS. 2B-2D as 
previously described. The Peltier control is a knoWn heating 
control and may be implemented using proportional, pro 
portional integral or PID control to operate the Peltier 
element 176. 

[0082] The temperature setpoint represents an expected 
temperature of the coil 71 When the system is operating at a 
maximum rate. The Peltier heat/cool control 181 is operative 
to cause the Peltier element 176 to selectively heat or cool 
the dispenser body 12 in response to the temperature sensing 
device 175 detecting a temperature that is respectively less 
than or greater than the temperature setpoint. Thus, for 
example, if the system is operating at maximum rate in an 
environment that does not permit proper cooling of the 
dispenser body 12, the dispenser body may reach a tem 
perature in excess of the desired temperature setpoint. In that 
situation, the Peltier heat/cool control 181 causes the Peltier 
element 176 to cool the dispenser body 12 to the temperature 
setpoint. Alternatively, if the gun controller is sWitched from 
the run mode to the standby mode in Which no current is 
being supplied to the coil 71, the dispenser body cools to a 
temperature less than the temperature setpoint. That cooler 
temperature, as detected by the temperature sensor 175, 
causes the Peltier heat/cool control 181 to operate the Peltier 
element 176 to heat the dispenser body back to the tem 
perature setpoint. 

[0083] The use of the Peltier element 176 has the further 
advantage of permitting the coil to be operated in a poWer 
range, that is, at a rate, that exceeds its speci?ed rate. For 
example, if the coil 71 is speci?ed to operate at a rate that 
is equivalent to nine Watts of poWer being applied to the coil 
and the Peltier element is capable of cooling three Watts of 
poWer from the coil, the coil current modulator 124 may be 
used to drive the coil at a rate that is equivalent to tWelve 
Watts of poWer, thereby substantially increasing the fre 
quency of operation of the dispensing valve 33. Even though 
the coil is being supplied With tWelve Watts of poWer, the 
Peltier element is able to remove three Watts of heat, thereby 
maintaining the net poWer heat of the coil 71 at nine Watts 
and Within its speci?cations. 

[0084] While the Peltier heat/cool control 181 is illustrated 
in FIG. 9 as being part of a closed temperature control loop 
utiliZing the temperature sensor 175, as Will be appreciated, 
the temperature sensor 175 may be eliminated and the 
Peltier heat/cool control operated in an open loop mode 
responsive only to the temperature setpoint. The temperature 
control of FIG. 9 has further versatility in that, as Will be 
appreciated, the temperature setpoint may be ?xed, user 
selectable to accommodate different siZes of coils, a constant 
value over time or even a value that varies as a function of 

some other parameter. 

[0085] The above embodiments of a coil temperature 
control for maintaining the constant coil temperature have 
many advantages. First, the gun controller does not rely on 
the user being able to select the best current Waveform 
parameters, but instead, is adaptive and self-adjusting to 
maintain a constant coil temperature. With a constant coil 
temperature, the viscosity of the ?uid Within the dispensing 
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gun is held more consistent, thereby improving the consis 
tency of the dispensing process. Further, by maintaining the 
constant temperature over the full range of operating fre 
quency of the dispensing gun, the quality of the ?uid 
dispensing operation is further enhanced and more consis 
tent. Further, such a temperature control permits the dis 
pensing gun to be consistently operated at a rate that is very 
close to, if not at, the theoretical maximum temperature limit 
of the gun Without overheating. The active temperature 
control protects the coil from overheating in the event that 
the user adjusts the current Waveform such that an excessive 
temperature Would otherWise be produced. 

[0086] Further, by activating an overheat indicator When 
the measured feedback current or temperature exceeds the 
setpoint value, valuable feedback is provided to the user 
With respect to the adverse effect of the selected current 
Waveform parameters, thereby alloWing the user to take 
appropriate action. 

[0087] UtiliZing the dispensing valve coil to add heat to 
the module provides an opportunity for a neW and different 
design of a dispensing gun. Referring to FIG. 1, the dis 
pensing gun includes one or more valve dispensing modules 
33 mounted onto a manifold 45. Normally, the manifold 45 
includes a heater and temperature feedback device (not 
shoWn) for maintaining the viscous ?uid at a desired tem 
perature. In the past, the circulation of the heated ?uid 
through the manifold 45 and dispensing valve 33 proved to 
be an adequate thermal management strategy. HoWever, as 
discussed earlier herein, the heat of the coil of the electric 
gun introduces a neW and signi?cant thermal management 
issue. In accordance With the principles of the present 
invention, by controlling the heating of the coil, the tem 
perature of the dispensing module or valve is controlled. 
Thus, for the ?rst time, the thermal management of the 
dispensing module is self contained Within the module and 
independent of other elements, for example, the manifold 
plate 45. This neW module capability provides neW oppor 
tunities for a different construction of the dispensing gun. 

[0088] Referring to FIG. 10, a dispensing gun 192 is 
constructed by serially connecting dispensing valves or 
modules 193, 203 Without requiring a ?uid distribution 
manifold 45 (FIG. 1) as is required in knoWn ?uid dispenser 
constructions. The modules 193, 203 are mounted immedi 
ately adjacent each other or are separated by a spacer plate 
194 to provide the desired spacing betWeen the noZZles 195 
of the modules 193, 203. In the design of FIG. 1, the desired 
spacing of the modules 33 is achieved by mounting the 
modules 33 at the desired spacing on the manifold plate 45. 

[0089] A second distinction from knoWn ?uid dispensers 
is that the viscous ?uid is fed serially through the dispensing 
modules 193, 203 from one end of the dispensing gun 192. 
In contrast, in FIG. 1, each dispensing module 33 is fed 
directly from the manifold plate 45 by a dedicated feed 
passage 49 Within the manifold plate 45. The dispensing gun 
192 of FIG. 10 receives the viscous ?uid from a feed 
member or end plate 196 coupled to one end of the dispens 
ing gun. The feed member 196 has a ?uid inlet 197 inter 
secting one side 210 of the member 196, and the ?uid inlet 
is ?uidly connected to a source of pressuriZed viscous ?uid 
47 (FIG. 1). The ?uid inlet 197 is ?uidly connected to a ?rst 
?uid passage portion 199a that intersects an opposite side 
211 of the feed member 196. The opposite end of the 
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dispensing gun 192 is terminated With a cap or end plate 198, 
the sole function of Which is to terminate the continuous 
?uid passage 199 extending from the inlet 197, through the 
feed member 196, the dispensing valve 193, spacer plate 194 
and the dispensing valve 203. Asecond ?uid passage portion 
199b Within the dispensing module 193 intersects tWo sides, 
for example, opposite sides 212, 213 of the dispensing 
module 193. A third ?uid passage portion 199c intersects 
tWo sides, for example, opposite sides 214, 215 of the spacer 
plate 194, and a fourth ?uid passage portion 199d intersects 
tWo sides, for example, opposite sides 216, 217 of the 
dispensing module 203. As Will be appreciated, the above 
construction permits the use of only a single dispensing 
module or any number of dispensing modules. as is required 
by the application. The spacer block 194 can be of any Width 
desired, or the dispensing modules 193, 203 can be mounted 
together Without an intervening spacer block 194. In addi 
tion, the cap 198 may be implemented by a plate or a plug 
that is threaded into the passage 199d at the side 217. 
Similarly, the feed member 196 can be implemented With a 
plate, a nipple or other ?tting threaded into the passage 199a 
at the side 210. Further, the internal ?uid passages 199b and 
199d can be L-shaped or T-shaped, so that the passages 
199b, 199d intersect other sides of the modules 193, 203, 
thereby providing more ?exibility in designing a dispensing 
gun for a particular application. 

[0090] By incorporating heaters in the dispensing modules 
193, 203 either by using the coil as a heater or, by incor 
porating other heaters as described With respect to FIG. 7A, 
the dispensing modules 193, 203 are capable of providing 
suf?cient heat to maintain the viscous ?uid Within the 
passage 199 at the desired temperature Without requiring a 
separate manifold. The construction of the dispensing gun 
192 has the further advantage of being substantially more 
compact than the traditional design of FIG. 1. Further, by 
eliminating the manifold 45 as Well as its associated heater 
and heat control apparatus, the construction of the dispens 
ing gun 192 of FIG. 10 is substantially less expensive; and 
its simpler construction provides substantially greater ?ex 
ibility in mounting the dispensing gun 192 With associated 
equipment. 
[0091] The embodiments described thus far in FIGS. 2-9 
are directed to providing an automatic control of coil tem 
perature to reduce the adverse effects of varying coil tem 
perature during the ?uid dispensing process. As Will be 
appreciated, in any application, providing the user With data 
or indicators relating to an excessive temperature and a 
potentially excessive temperature is also valuable. In many 
dispensing systems, the user has the ability to manually 
adjust the peak current magnitude Ipk, the peak current 
duration Tpk and the magnitude of the hold current Ih. 
Further, the dispensing process involves many variables that 
are application dependent such as the dispensing pattern, the 
liquid viscosity, the production rate, the substrate material, 
etc. In an effort to optimiZe the dispensing process, the user 
often changes the shape of the current Waveform being 
provided to the coil. Further, the user has no knoWledge of 
When such adjustments come close to or exceed the poWer 
speci?cation or maximum temperature limit for the coil. 
Further, typical users generally do not have instruments, 
such as an oscilloscope or current probe, that Would permit 
them to monitor the current being supplied to the coil. Thus, 
a system that provides the user With an indication of Whether 
a chosen current Waveform produces an excessive coil 
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temperature Would be of signi?cant bene?t. Thus, When 
adjusting the Waveform of the current being supplied to the 
coil, the user Would have a real time feedback of Whether 
such adjustments are approaching or exceeding the maxi 
mum temperature limit of the coil. 

[0092] FIG. 11 is one embodiment of such a thermal 
monitor and diagnostic circuit. A measure of heating poWer 
in the coil is best represented by a measurement of the RMS 
value of the current or voltage applied to the coil. Such RMS 
values have a direct correspondence to coil heating and 
provide a reasonable indication of temperature. As previ 
ously mentioned, the measurement of an RMS current value 
and its conversion to a direct current value can be effected 
either computationally or With a specialiZed integrated cir 
cuit chip. One such integrated circuit chip is Model No. 
AD736 commercially available from Analog Devices. Other 
chips such as Model Nos. AD737 and AD637 as Well as 
similar chips from other manufacturers may also be used. 
Referring to FIG. 11, such an integrated circuit chip 180 is 
responsive to coil current on an input 181 and provides an 
output to red, yelloW and green LEDs 182, 183, 184, 
respectively, that provide a qualitative indication of coil 
temperature. The coil current on the input 181 is provided to 
the chip 180 via an input circuit 185 that includes a gain 
adjust potentiometer 186. The chip 180 is poWered by a 
poWer supply circuit 187, and the chip 180 provides a DC 
signal on an output 188 that is proportional to the RMS value 
of the coil current supplied on the input 181. A comparator 
circuit 189 compares the magnitude of the DC voltage on the 
output 188 to reference voltages that are selectable via 
potentiometers 190, 191. 

[0093] The monitor circuit of FIG. 11 must be set for the 
temperature characteristics of each different electric ?uid 
dispenser. The temperature characteristics can be deter 
mined experimentally by storing a temperature versus poWer 
or current relationship for the ?uid dispenser. Such a rela 
tionship can be determined by applying different magnitudes 
of current to the dispenser and measuring the resultant 
temperature. The maximum temperature for the ?uid dis 
penser is normally determined as a function of the manu 
facturer’s speci?cations for the ?uid dispenser. Using the 
stored current-temperature relationship, a ?rst current value 
can be determined based on the maximum dispenser tem 
perature. That ?rst current valve is applied to the input 181, 
and the potentiometer 190 is adjusted until the red indicator 
light 182 turns on. 

[0094] Similarly, a lesser temperature close to the maxi 
mum temperature, for example, a temperature that is 90% or 
95% of the maximum temperature, is selected. Using the 
stored temperature-current relationship, a corresponding 
current is determined and applied to the input 181 of the 
monitor circuit. Potentiometer 191 is then adjusted until a 
yelloW caution LED 183 is illuminated. Thus, the yelloW 
caution LED 183 indicates When the current in the coil is 
representative of a temperature betWeen the lesser tempera 
ture and the maximum temperature. If the coil current on the 
input 181 is beloW the threshold of the comparator circuit 
189 necessary to illuminate the yelloW LED 183, the green 
LED 184 is illuminated, thereby apprising the user that the 
current Waveform being selected by the user is less than the 
lesser temperature and Will not produce an excessive coil 
temperature. While FIG. 11 illustrates one example of a coil 
temperature monitor, it should be noted that the embodi 
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ments of FIGS. 3-9 all have the capability of providing a coil 
temperature monitor feature Whether separately identi?ed as 
indicators 132 or integrated in the machine control 130. 
Further, the as shoWn in FIGS. 2B-2D, current sampling 
during the off-time of the current Waveform can also be used 
to provide a temperature monitor. 

[0095] The thermal monitor circuit of FIG. 11 has the 
advantage of providing the user With a real time indication 
of Whether the user’s adjustments to the current Waveform 
provide a coil temperature that is less than, close to or in 
excess of the maximum coil temperature. Further, the speed 
of a production line is often increased incrementally as 
various adjustments are made and the increased speed does 
not adversely impact quality. As the line speed increases, the 
average coil current increases; and the monitor circuit of 
FIG. 11 continuously senses the coil current and Warns the 
user via the LEDs 182, 183 that the coil current is close to 
or exceeds a value that produces an excessive temperature. 
In addition, the thermal monitor uses an RMS value of coil 
current or voltage and therefore, provides an excellent 
indicator of temperature. In addition, the thermal monitor 
alloWs the user to select the temperature limits Which are 
appropriate for the dispensing gun being used and the 
dispensing application being effected. As Will be appreci 
ated, other gradations of temperature may be provided, for 
example, by a bar graph; and other forms of sensory 
perceptible indicators, for example, audio indicators, may 
also be used. 

[0096] While the present invention has been illustrated by 
a description of various preferred embodiments and While 
these embodiments have been described in considerable 
detail in order to describe the best mode of practicing the 
invention, it is not the intention of Applicant to restrict or in 
any Way limit the scope of the appended claims to such 
detail. Additional advantages and modi?cations Within the 
spirit and scope of the invention Will readily appear to those 
skilled in the art. For example, the run/standby signal is 
described as being user selectable and provided from the 
system control 130 to the thermal controller 126. As Will be 
appreciated, the system control 130 can alternatively be used 
to directly drive the sWitching solenoid 171 and other 
components With the run/standby signal instead of the 
thermal controller 126. Further, other methods of providing 
a run/standby signal can be readily derived. As Will be 
appreciated, other signals, such as setpoint values, may 
originate in, or be stored in, the gun controller 120 or the 
machine control 130 as is appropriate. Further, the gun 
controller may also include user input and output devices as 
is appropriate and is generally a matter of design choice. 

[0097] In the described embodiments With respect to 
FIGS. 3-9, the respective poWer, current and temperature 
setpoints Were set to be representative of the temperature of 
the coil With the system operating at a maximum dispensing 
rate. Further, Warning indicators are activated in response to 
the measured poWer, current or temperature exceeding the 
respective poWer, current or temperature setpoint. As Will be 
appreciated, the setpoint used in the control loop in the 
thermal controller 126 may be any temperature. Further, the 
thermal controller 126 may compare the measured poWer, 
current or temperature to several reference values of poWer, 
current or temperature to provide other Warning indicators. 
For example, the measured poWer, current or temperature 
values may be compared to a respective poWer, current or 
















