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PWM VOLTAGE CLAMP FOR DRIVER CIRCUIT 
OF AN ELECTRIC FLUID DISPENSING GUN AND 

METHOD 

[0001] This application is a Divisional of US. application 
Ser. No. 09/880,649, ?led on Jun. 13, 2001, Which claims the 
bene?t of US. Provisional Application No. 60/244,512, ?led 
on Oct. 31, 2000. 

FIELD OF THE INVENTION 

[0002] The present invention relates generally to ?uid 
dispensing systems for dispensing ?oWable material, such as 
adhesives, sealants, caulks and the like, onto a substrate and, 
more particularly, to a driver circuit for controlling an 
operation of a solenoid-actuated valve Within an electric 
dispensing gun. 

BACKGROUND OF THE INVENTION 

[0003] Electric ?uid dispensers have been developed for 
dispensing applications requiring a precise placement of a 
?uid, for example, an adhesive, onto a moving substrate, for 
example, packaging or a Woven product. Dispensing guns of 
this type include a liquid passage that communicates 
betWeen a pressuriZed adhesive supply and a valve mecha 
nism provided at the end of the liquid passage. The valve 
mechanism is typically a movable valve stem positioned to 
selectively obstruct a dispensing ori?ce formed in a valve 
seat. The valve stem is extended and retracted relative to the 
valve seat in a controlled manner by a solenoid for providing 
repeatable and accurate dispense patterns of the liquid onto 
the moving substrate. Generally, the solenoid comprises an 
electromagnetic coil surrounding an armature that is ener 
giZed to produce an electromagnetic ?eld With respect to a 
magnetic pole, thereby moving the valve stem. More spe 
ci?cally, the forces of magnetic attraction betWeen the 
armature and the magnetic pole move the armature and 
valve stem 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] Dispensing systems have been developed that 
employ driver circuits to control the operation of the sole 
noid Within the dispensing gun. To open the valve, the driver 
circuit applies a fast pull-in current to the solenoid coil to 
quickly retract the valve stem and open the dispensing 
ori?ce at the beginning of a dispensing cycle. The driver 
circuit maintains a minimal holding current Which holds the 
valve stem in an open position While minimiZing the amount 
of heat build-up in the solenoid coil during the dispensing 
cycle. Finally, the driver circuit provides a fast demagneti 
Zation of the solenoid so the valve stem is quickly closed 
over the ori?ce at the end of the dispensing cycle. 

[0005] Closing of the valve stem is often achieved by a 
spring mechanism connected to one end of the valve stem. 
When the solenoid is sufficiently demagnetiZed, the stored 
energy in the compressed spring mechanism forces the valve 
stem to the closed position and in sealing engagement With 
the dispensing ori?ce. One example of such a dispensing 
system is set forth in US. Pat. No. 5,812,355, oWned by the 
assignee of the present invention, the disclosure of Which is 
incorporated herein by reference in its entirety. 
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[0006] In unregulated gun drivers, current to the electric 
gun coil is supplied by a poWer sWitching circuit that is 
connected to an unregulated poWer supply. Thus, any varia 
tions in line voltage changes the output voltage from the 
poWer supply Which is applied to the poWer sWitching 
circuit. Changing the voltage applied to the poWer sWitching 
circuit results in a corresponding variation in the current 
being supplied to the gun solenoid. The operational speed of 
the solenoid is directly related to the magnitude of the 
applied voltage; and therefore, as the magnitude of the 
applied voltage goes up, the armature and valve stem move 
faster. Similarly, as the magnitude of the applied voltage 
goes doWn, the armature and valve stem move sloWer. Thus, 
the operational speed of the armature and valve stem is 
related to the magnitude of the voltage applied to the coil 
and hence, the actuation time or time required to open and 
close the electric gun is changed by variations in line voltage 
applied to the unregulated poWer supply. 

[0007] Uncontrolled and unpredictable variations in the 
actuation time of the dispensing gun adversely impact the 
adhesive deposition process. Line voltage variations chang 
ing the actuation time of the dispensing gun also change the 
starting and stopping locations of the dispensed adhesive on 
the substrate. If adhesive is to be dispensed on a package ?ap 
moving past the dispensing gun, an increase in line voltage 
causing the gun to sWitch-on or open faster than expected 
may cause adhesive to be dispensed too soon. Opening the 
gun too soon may cause adhesive to be dispensed prior to a 
leading edge of the ?ap reaching the dispensing location. 
Similarly, a decrease in line voltage causes the gun to 
sWitch-off or close sloWer than expected. This sloWer gun 
operation may cause adhesive to continue to be dispensed 
after a trailing edge of the ?ap passes the dispensing 
location. Any unpredicted dispensing of adhesive onto a 
surface not intended to receive adhesive, potentially results 
in a scrap product. In addition, spurious adhesive spray that 
misses the substrate may lead to additional, time consuming, 
labor intensive and expensive cleaning and maintenance of 
equipment and areas adjacent the adhesive dispensing gun. 
Thus, such line voltage variations may result in a less 
ef?cient, less economical and/or loWer quality ?uid dispens 
ing operation. 

[0008] It is knoWn to use a regulated gun driver, that is, a 
gun driver With a regulated poWer supply. A regulated gun 
driver provides a constant voltage to the coil independent of 
the voltage variations to the poWer sWitching circuit. Thus, 
With respect to line voltage variations, the use of a regulated 
gun driver provides a more consistent dispensing gun per 
formance. HoWever, regulated gun drivers are more expen 
sive than unregulated gun drivers and create more heat 
Which requires more cooling and thus, further adds to their 
cost. 

[0009] Therefore, there is a need to provide an electric 
?uid dispenser that uses an unregulated solenoid gun driver 
that is insensitive to variations in the applied line voltage. 

SUMMARY OF INVENTION 

[0010] The present invention provides an unregulated gun 
driver for a ?uid dispenser that has an improved perfor 
mance. The gun driver of the present invention executes a 
stable, consistent and high quality ?uid dispensing process 
independent of line voltage variations. Further, the gun 
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driver of the present invention has the advantages of being 
less expensive, operating more e?iciently With less poWer 
loss and requiring less cooling than regulated gun drivers. In 
addition, the unregulated gun driver of the present invention 
can be readily added to many eXisting gun driver circuits. 
Thus, the ?uid dispenser of the present invention is espe 
cially advantageous in those applications Where better per 
formance is required at a lesser cost. 

[0011] In accordance With the principles of the present 
invention and the described embodiments, the invention in 
one embodiment provides an electric ?uid dispenser for 
dispensing a ?uid onto a substrate. The dispenser has a 
dispensing valve movable betWeen open and closed posi 
tions for controlling a ?oW of the ?uid from said ?uid 
dispenser. The dispenser further has a source of poWer 
providing a nonconstant voltage to a poWer sWitching cir 
cuit. A solenoid is connected to the poWer sWitching circuit 
and is capable of causing the dispensing valve to move 
betWeen the open and closed positions. A control circuit is 
responsive to the nonconstant voltage and provides a drive 
signal having a time variable component determined by the 
nonconstant voltage from the source of poWer. The poWer 
sWitching circuit, in response to the control signal, provides 
an output signal to the solenoid causing said dispensing 
valve to move betWeen the open and closed positions 
substantially independent of variations in the nonconstant 
voltage. 

[0012] In one aspect of the invention, the control circuit 
provides an initial peak current folloWed by a hold current 
to energiZe said solenoid, and the control circuit provides the 
initial peak With an initial duty cycle varying as an inverse 
function of the variations of the nonconstant voltage from 
the poWer source. 

[0013] In another embodiment of the invention, a method 
is provided for operating an electrically operated ?uid 
dispenser for dispensing a ?uid onto a substrate. The ?uid 
dispenser has a dispensing valve operatively connected to an 
electrically operated solenoid, and the dispensing valve is 
movable betWeen open and closed positions for controlling 
a ?oW of the ?uid from the ?uid dispenser. A poWer 
sWitching circuit is connected to a poWer source supplying 
a varying voltage. A drive signal is produced having a time 
variable component determined as a function of the varying 
voltage of the poWer source, and the drive signal is applied 
to the poWer sWitching circuit to operate the solenoid and 
dispensing valve substantially independently of the varying 
voltage of the poWer source. 

[0014] In one aspect of this invention, the drive signal has 
an initial peak current folloWed by a hold current, and the 
method further comprises modulating a leading edge of the 
initial peak current at a duty cycle determined as an inverse 
function of the varying voltage of the poWer source. 

[0015] 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 embodiments taken in conjunc 
tion With the accompanying draWings. 

BRIEF DESCRIPTION OF DRAWINGS 

[0016] FIG. 1 is an schematic block diagram of a dispens 
ing gun driver for an electric ?uid dispenser in accordance 
With the principles of the present invention. 
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[0017] FIG. 2A is a schematic diagram of a current 
Waveform provided by a prior art driver circuit that does not 
use the gun driver of FIG. 1. 

[0018] FIG. 2B is a schematic diagram of a current 
Waveform provided by the gun driver of FIG. 3. 

[0019] FIG. 3 is a schematic block diagram of a speci?c 
gun driver that may be used to operate a ?uid dispenser in 
accordance With the principles of the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0020] FIG. 1 illustrates an unregulated gun driver or 
controller 10 for an electric ?uid dispensing gun normally 
used to dispense adhesive onto a substrate moving With 
respect to the gun. As previously discussed, electric guns are 
preferred because of the precision With Which they may be 
controlled during a ?uid dispensing operation. The gun 
driver 10 has a control circuit 11 operating in response to 
signals from a system control 12 to provide a stepped 
Waveform to a poWer circuit 13. The system control 12 
includes all of the other knoWn dispensing system or 
machine controls necessary for the operation of the dispens 
ing system, for eXample, a pattern control. The system 
control 12 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. Within the poWer circuit 13, a 
poWer sWitch circuit 18 is connected to an unregulated 
poWer supply 19 and provides a stepped current Waveform 
to a solenoid coil 14 Within an electric dispensing gun 15. 

[0021] To turn the gun on, the system control 12 provides 
a trigger signal to a Waveform generator 16. The Waveform 
generator 16 initially sets the duty cycle of a PWM 17 to a 
high level, for eXample, 100%, thereby operating a poWer 
sWitch circuit 18 at an equally high rate. The poWer sWitch 
circuit 18 is connected to an unregulated poWer supply 19 
and applies an initial pull-in current magnitude Ipk (FIG. 
2A) to the coil 14. Upon reaching the desired current 
setpoint or value determined by the Waveform generator 16, 
the PWM 17 operates With a lesser duty cycle, for eXample, 
60%, to maintain the current at the desired peak current 
value Ipk. 

[0022] A current sensor 20 is often used to provide a 
current feedback signal to a summing junction 72 so that the 
current in the coil 14 is maintained at the desired setpoint 
value provided by the Waveform generator 16. An initial 
peak current pulse 200 (FIG. 2A) is maintained for a 
duration Tpk as determined by the Waveform generator 16. 
The large initial peak current Ipk is effective to quickly open 
the dispensing gun 15. 

[0023] After opening the dispensing gun 15, the gun driver 
10 supplies a current necessary to hold the dispensing gun 15 
open by overcoming the opposing force of a return spring 
(not shoWn). After the peak current duration Tpk, the Wave 
form generator 16 substantially reduces the duty cycle of 
operation of the PWM 17, for eXample, to 20%. Reducing 
the duty cycle of the PWM 17 also reduces the duty cycle of 
the poWer sWitch 18. The reduced duty cycle causes the 
poWer sWitch circuit 18 to apply a lesser, hold current 
magnitude Ih 202 (FIG. 2A) to the coil 14 for the remaining 
period of the dispensing cycle on-time Ton. At the end of the 
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dispensing cycle as determined by a pattern control (not 
shown) Within the system control 12, the dispensing gun 15 
is turned off or closed. In many dispensing guns, current to 
the coil is reduced to Zero or a minimal valve; and current 
induced in the coil from the collapsing inductive ?eld is 
dissipated. A return spring moves an armature and valve 
stem in an opposite direction to close the dispensing gun. A 
Zero or minimal current is then maintained for an off time 
during the remaining time of the current Waveform period. 

[0024] As Will be appreciated, the Waveforms illustrated in 
FIG. 2 are 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 Waveforms of FIG. 2, 
depending on many factors such as Ipk, Ih, Tpk, Ton, Tp, 
Locum, RCOHM, etc. The TOn is related to the adhesive pattern 
required for a particular product. The inductance and resis 
tance of the coil are a function of the gun itself, and the Ipk 
is normally bounded by various considerations of the ?uid 
dispenser 15 such as magnetic saturation, thermal consid 
erations or force requirements. 

[0025] 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 often 
adjustable by the user. The user may adjust the current 
Waveform and the dispensing line rate in order to tune the 
dispensing operation to its peak performance. 

[0026] While the gun driver 10 of FIG. 1 performs Well, 
there is one condition Which impairs its performance. The 
gun driver 10 is designed to provide a desired opening time 
of the dispensing gun 15 for a given output voltage, for 
example, 240 VDC, from the poWer supply 19. The rate of 
current ?oW through the coil 14 is a function of the poWer 
supply voltage and the inductance of the coil 14. Thus, With 
the poWer supply voltage of 240 VDc and a constant coil 
inductance, the rate of current ?oW through the solenoid coil 
14 is represented by the slope 208 of FIG. 2A. Further, by 
design, the slope 208 provides a current How to the solenoid 
coil 14 so that the dispensing gun 15 opens at a desired speed 
or Within a desired time duration to dispense adhesive onto 
the substrate at a desired location. 

[0027] HoWever, in many environments, the magnitude of 
the line voltage from the source 21 varies, thereby adversely 
affecting the actuation time of the dispensing gun 15. 
Assume that the line voltage from the supply 21 rises, 
thereby increasing the output voltage from the poWer supply 
19, for example, to 300 VDC. The increased poWer supply 
voltage of 300 VDc increases the rate at Which current ?oWs 
to the solenoid coil as shoWn in phantom by the slope 210 
of FIG. 2A. Increasing the rate at Which current is supplied 
to the solenoid coil 14 causes the dispensing gun 15 to open 
more quickly than With 240 VDC. Opening the dispensing 
gun more quickly, or sooner than desired, causes adhesive to 
be dispensed earlier than anticipated; and hence, adhesive is 
dispensed onto surfaces not intended to receive adhesive. 
The improper placement of adhesive often produces scrap 
product and other problems. 

[0028] To ameliorate that problem, the control circuit 11 of 
FIG. 1 has a duty cycle control 22 that functions, at 
appropriate times, to clamp the duty cycle of the PWM 17 
at a desired value. That action makes the operation of the 
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poWer sWitch circuit 18 independent of changes in the 
magnitude of the line voltage of the supply 21 and the 
unregulated output voltage from the poWer supply 19. In the 
example described above, one can observe that it is desirable 
that the rise in the initial current pulse have a constant slope 
208 independent of variations in the poWer supply voltage 
VDC. One method of stabiliZing the rate of current ?oW at 
the beginning of the peak current pulse is to reduce the 
magnitude of the effective voltage applied to the solenoid 
coil 14 from the poWer sWitch circuit 18 as a function of the 
increase in poWer supply voltage. The effective voltage is 
the product of the poWer supply voltage VDc and the duty 
cycle. Limiting the duty cycle in the coil 14 in inverse 
proportion to increases in the poWer supply voltage causes 
the effective voltage applied to the solenoid coil 14 to be 
held to a constant value. Holding the effective voltage 
constant provides a slope substantially approximating the 
slope 208 in FIG. 2A. 

[0029] Referring to the above example, the slope 208 is a 
result of the poWer sWitch circuit 18 operating at a 100% 
duty cycle With a poWer supply voltage of 240 VDC. If the 
poWer supply voltage increases to 300 VDC, Without any 
other action, current Will How to the solenoid coil 14 at a rate 
indicated by the slope 210, thereby causing the dispensing 
gun to sWitch faster. HoWever, if the duty cycle of the PWM 
17 is proportionally reduced and clamped to a loWer value, 
for example, 80%, the current that is supplied by the poWer 
sWitch circuit 18 is limited. The current slope provided by an 
80% duty cycle is represented by the slope 212 of FIG. 2B. 
Hence, the current slope 212 in the coil 14 at 300 VDc 
substantially approximates the current slope 208 of FIG. 2A 
supplied to the coil at 240 VDC; and the operational speed 
and actuation time of the dispensing gun 15 is unchanged. 
Therefore, the time required to open the dispensing gun is 
maintained constant independent of variations in the line 
voltage of the supply 21 and the resulting variations in the 
output voltage VDc from the poWer supply 19. Thus, prob 
lems resulting from variations in the line voltage are elimi 
nated. 

[0030] Aspeci?c embodiment of a gun driver is illustrated 
in FIG. 3, and the common numbers in FIGS. 1 and 3 refer 
to items that are similar in function. The gun driver or driver 
circuit 10 includes a control circuit 11 and a poWer circuit 13 
for controlling operation of one or more electric dispensing 
guns of the type used to dispense adhesives, sealants, 
caulking and the like, represented diagrammatically at 15. 
The poWer circuit 13 includes an unregulated poWer supply 
19 that is connected to a voltage source 21 providing a line 
voltage. 

[0031] The electric dispensing gun 15 includes a solenoid 
23 having a movable armature 24 to regulate the How of 
liquid through the gun 15. The armature 24 is usually biased 
by a spring mechanism 25 that is connected betWeen one end 
of the armature 24 and a ?xed reference 26. The armature 24 
is connected to a plunger or valve stem 27 that operatively 
cooperates With an ori?ce 28 to form a dispensing valve 31 
Within the electric dispensing gun 15. Retracting the arma 
ture 24 against the force of the spring mechanism 25 opens 
the dispensing valve 31; and pressuriZed adhesive ?oWs 
through the ori?ce 28 onto a substrate 29. As is Well knoWn 
in the art, the armature 24 is actuated by application of 
current through the solenoid coil 14. The coil 14 has 
electrical properties modeled as a resistance in series With an 
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inductance. The ends of the coil 14 terminate at ?rst and 
second terminals 34, 36 that are selectively coupled to the 
power supply 19 as described in detail beloW. 

[0032] The unregulated poWer supply 19 is connected to a 
source of poWer 21. The poWer supply 19 has an AC to DC 
converter 38 that is loWpass ?ltered by a capacitor 40 
coupled across a positive output 42 and a negative output 44. 
The poWer supply outputs 42, 44 are connected to the ?rst 
and second terminals 34, 36 of the solenoid 23 by sWitches 
48, 50 as described in detail beloW. The sWitches 48, 50 may 
be insulated gate bipolar transistors (IGBT), although 
equivalent sWitches are contemplated. 

[0033] AforWard current path through the solenoid coil 14 
is generated When the ?rst sWitch 48 is closed connecting the 
?rst terminal 34 to the positive output 42 and the second 
sWitch 50 is closed connecting the second terminal 36 to the 
negative output 44. A discharge current path through the 
solenoid coil 14 is generated When the ?rst and second 
sWitches 48, 50 are open, thereby connecting the second 
terminal 36 to the positive output 42 via a diode 54 and 
connecting the ?rst terminal 34 to the negative output 44 via 
a diode 56. The current sensor 20 is coupled betWeen the 
second terminal 36 and the junction of the second sWitch 50 
With the diode 54. The current sensor 20 provides a current 
feedback to the summing node 72 in the control circuit 11 for 
closed loop control of the coil current. The current sensor 20 
can be implemented With any one of many current measur 
ing devices and methods, for example, a simple resistor, a 
Hall effect device, a current transformer, etc. 

[0034] The control circuit 11 receives a gun ON/OFF 
signal from the system control 12. Operation of a forWard 
current circuit 66 of the control circuit 11 is initiated by a 
leading edge of the gun ON/ OFF signal. The forWard current 
circuit 66 includes a Waveform generator 16, a summation 
node 72, a hysteresis modulator 74 and a ?rst sWitch driver 
76. The hysteresis modulator 74 functions similarly to a 
variable frequency PWM. The summation node 72 com 
pares a stored current model stored in the Waveform gen 
erator 16 to the current feedback from the current sensor 20 
and generates an error signal. The error signal drives the 
hysteresis modulator 74. During the on-time TON of the 
current pulse, the sWitch driver 92 holds the sWitch 50 
closed; and the output of the modulator 74 commands the 
sWitch driver 76 to close the sWitch 48 in response to the 
current in the coil 14 being less than the current setpoint. The 
sWitches 48, 50 provide a forWard current path through the 
solenoid coil 14, and current in the coil 14 increases to the 
setpoint value. When the current in the coil 14 exceeds the 
current setpoint, the output of the modulator 74 commands 
the sWitch driver 76 to open the sWitch 48. Thereafter, the 
hysteresis modulator 74 modulates the sWitch 48 in a knoWn 
manner to keep the sensed current near the current setpoints, 
for example, IPK and lb. Thus, the current in the coil 14 is 
shoWn as having a saW-tooth form as the hysteresis modu 
lator 74 modulates the operation of the sWitch 48 so that the 
current in the coil 14 approximates the desired current model 
being output from the Waveform generator 16. 

[0035] Operation of the line voltage compensation in the 
gun driver 10 Will noW be described. As shoWn in FIG. 2B, 
the electric gun driver circuit 10 is initially in a deactivated 
State 0 Wherein the solenoid 18 has only minimal or no coil 
current. At State 1, the control circuit 11 receives a gun 
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ON/OFF signal from the system control 12 in the form of a 
rising leading edge of a pulse. Aline voltage compensator 33 
includes a duty cycle controller 35 and a ?xed frequency 
PWM 37. The PWM 37 has an output connected to one input 
of an AND gate 39. The other input of the AND gate 39 is 
connected to the output of the hysteresis modulator 74. The 
duty cycle controller 35 has inputs connected to the gun 
ON/OFF signal output from the system control 12 and the 
output voltage from the unregulated poWer supply 19. With 
the output voltage from the poWer supply 19 at its desired 
nominal value, for example, 240 VDC, the duty cycle control 
holds the duty cycle of the PWM 37 at 100%. Thus, all of 
the output from the hysteresis modulator 74 passes through 
the AND gate 39; and as earlier described, the initial peak 
current Will rise to its desired value along the slope 208 of 
FIG. 2A. 

[0036] If the poWer supply voltage is nonconstant and 
rises, for example, to 300 VDC, Without any compensation, 
as previously described, the hysteresis modulator 74 Would 
cause current to be supplied to the coil 14 at a rate having 
the slope 210 of FIG. 2A. That increased slope With no other 
change, increases the operational speed and decreases the 
actuation time of the dispensing valve 31. By opening faster, 
the dispensing valve 31 dispenses adhesive at a location on 
the substrate that is not intended to receive the adhesive. 

[0037] HoWever, With the line voltage compensator 33, 
that problem is eliminated. The duty cycle controller 35 
senses the increase in voltage from the unregulated poWer 
supply 19 and determines a proportionality constant de?ned 
by a fraction. The fraction has a numerator equal to the 
desired voltage, in this example, 240 VDC, and a denomi 
nator equal to the current poWer supply output voltage, for 
example, 300 VDC. Thus, in this example, the proportion 
ality constant is 0.80, and the duty cycle controller 35 sets 
the duty cycle of the PWM 37 to 80%. With the output from 
the PWM 37 reduced to 80%, only 80% of the output from 
the hysteresis modulator 74 passes through the AND gate 39. 
The sWitch driver 76 and poWer sWitch 48 are then modu 
lated such that current is supplied to the coil in accordance 
With the slope 212 of FIG. 2B. Further, the duty cycle from 
the duty cycle controller 35 causes the slope 212 to approxi 
mate the slope 208 of FIG. 2A. Thus, the loWer 80% duty 
cycle reduces the effective voltage supplied to the coil 14 
during the duration of the initial peak current to the desired 
level, and the dispensing valve 31 moves from its closed 
position to its open position in the desired time. In other 
Words, the operational speed and actuation time of the 
dispensing valve 31 With a poWer supply voltage of 300 VDc 
is the same as When the poWer supply voltage is 240 VDC. 
Thus, the time required to open the dispensing valve is 
independent of changes in the line voltage at the poWer 
source 21 and resulting changes in the output voltage of the 
poWer supply 19. 

[0038] At State 2, at the end of a predetermined pull-in 
time TPK, the sWitch 48 is opened While the sWitch 50 
remains closed, thereby disconnecting the terminal 34 from 
the positive supply line 42. Current in the coil drops to the 
desired hold current setpoint as determined by the Waveform 
generator 16. Thereafter, the hysteresis modulator 74 again 
modulates the operation the sWitch 48 to maintain the 
current in the coil 14 at the hold current setpoint value. At 
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State 3, the falling trailing edge of the gun ON/OFF signal 
from the system control 12 causes the current reference to go 
to Zero. 

[0039] Changes in the line voltage and the output voltage 
from the unregulated poWer supply 19 also changes the 
slope 214 in FIG. 2A in a similar manner as previously 
discussed With respect to the slope 208, thereby changing the 
speed and actuation time at Which the dispensing valve is 
closed. Therefore the output of the line voltage compensator 
33 is used in a similar manner as previously described to 
modulate the current so that, at 300 VDC, current ?oWs at a 
rate represented by the slope 216 in FIG. 2B. When a 
trailing edge of the gun ON/OFF signal is received from the 
system control 12, the inverse of the output of the PWM 37 
of the line voltage compensator 33 is applied via AND gate 
41, OR gate 43 and driver 92 to control the operation of the 
sWitch 50. In State 3, When the current is decreasing from the 
hold current, the sWitch 48 is opened; and the sWitch 50 is 
modulated at a duty cycle determined as a function of the 
change in the poWer supply voltage in a similar manner as 
earlier described. Thus, the current decreases to Zero along 
a slope 216 in FIG. 2B that approximates the slope 214 in 
FIG. 2A, thereby keeping the operational speed of the 
dispensing valve constant. With a constant operational 
speed, the actuation time or time required to close the 
dispensing valve 31 remains constant and independent of 
variations in the output voltage from the poWer supply 19. 

[0040] While the present invention has been illustrated by 
a description of various embodiments and While these 
embodiments have been described in considerable detail, it 
is not intended 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. FIGS. 1 and 
3 are only examples of hoW the present invention may be 
implemented, and other circuit architectures may be used to 
implement the principles of the present invention. For 
example, the gun driver 10 of FIG. 3 utiliZes tWo sWitches 
48, 50 to dissipate current from the coil 14. Such a sWitch 
con?guration is commonly knoWn as a 1/2 H-bridge driver 
con?guration. As Will be appreciated, other gun driver 
con?gurations may implement the principles of the claimed 
invention. For example, a full H-bridge con?guration uses 
four sWitches to provide a reverse current ?oW through the 
coil in order to more quickly close the dispensing valve. As 
Will be appreciated by those skilled in the art, the claimed 
invention can be readily applied to drivers having a full 
H-bridge con?guration, thereby making operational speed 
and actuation time of the dispensing valve independent of 
changes in the magnitude of the output voltage from an 
unregulated poWer supply. 

[0041] In the detailed description, a poWer supply voltage 
of 240 VDc is used as an example of a voltage commanding 
a 100% duty cycle of the PWM 37. As Will be appreciated, 
the loWest voltage expected to be encountered in an appli 
cation should be used as the voltage commanding a 100% 
duty cycle of the PWM 17 or the hysteresis modulator 74. 

[0042] In FIG. 3 and the associated description, a variable 
frequency hysteresis modulator 74 is used. Such a modulator 
is illustrated only by Way of example; and as Will be 
appreciated, the principles of the claimed invention can be 
applied to other gun driver designs using different modula 
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tors. As Will be further appreciated, depending on the design 
and application parameters, the invention may be imple 
mented using analog, digital or a combination of digital and 
analog circuit components in any con?guration that auto 
matically holds the operational speed and actuation time of 
the dispensing valve constant and independent of variations 
in the output voltage of the unregulated poWer supply 19. 

[0043] Therefore, the invention in its broadest aspects is 
not limited to the speci?c detail shoWn and described. 
Consequently, departures may be made from the details 
described herein Without departing from the spirit and scope 
of the claims Which folloW. 

What is claimed is: 
1. A driver circuit for an electrically operated ?uid dis 

penser dispensing a ?uid onto a substrate, the ?uid dispenser 
having a dispensing valve movable betWeen open and closed 
positions and a solenoid coil operative to cause the dispens 
ing valve to move betWeen the open and closed positions, 
the driver circuit comprising: 

a poWer sWitching circuit operably connected to the 
solenoid coil; 

a poWer source providing an unregulated voltage to said 
poWer sWitching circuit; and 

a poWer sWitch control operable to cause said poWer 
sWitching circuit to provide a stepped current Wave 
form to the solenoid coil, said stepped Waveform com 
prising an initial peak current folloWed by a lesser hold 
current, said initial peak current having a rate of current 
?oW represented by a slope of a leading edge of said 
initial peak current, said poWer sWitch control operable 
to maintain the slope of the leading edge of said initial 
peak current substantially constant in response to 
changes in said unregulated output voltage. 

2. The driver circuit of claim 1 Wherein said poWer sWitch 
control comprises a line voltage compensator responsive to 
said unregulated output voltage and being operable to cause 
said poWer sWitch control to maintain the slope of the 
leading edge of said initial peak current substantially con 
stant in response to said unregulated output voltage chang 
ing in magnitude. 

3. The driver circuit of claim 2 Wherein said line voltage 
compensator causes the poWer sWitching circuit to provide 
a ?rst slope of a leading edge of said initial peak current 
corresponding to a desired magnitude of said unregulated 
output voltage. 

4. The driver circuit of claim 3 Wherein said line voltage 
compensator maintains the ?rst slope of the leading edge of 
said initial peak current substantially constant in response to 
said unregulated output voltage deviating from said desired 
magnitude. 

5. The driver circuit of claim 3 Wherein said ?rst slope of 
the leading edge of said initial peak current corresponds to 
a loWest expected magnitude of the unregulated output 
voltage. 

6. The driver circuit of claim 2 Wherein said line voltage 
compensator is operable to cause said poWer sWitch control 
to modulate the leading edge of said initial peak current With 
a duty cycle determined as an inverse function of the 
unregulated output voltage, thereby maintaining a time 
required to move said valve to an open position substantially 
constant. 

7. The driver circuit of claim I Wherein said hold current 
provides a rate of current ?oW represented by a slope of a 
trailing edge of said hold current, the slope of the trailing 
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edge being produced in response to said unregulated output 
voltage, said line voltage compensator being operable to 
cause said poWer sWitch control to modulate the trailing 
edge of said hold current With a duty cycle determined as an 
inverse function of the unregulated output voltage, thereby 
maintaining a time required to move said valve to a closed 
position substantially constant. 

8. The driver circuit of claim 2 Wherein said poWer sWitch 
control further comprises: 

a Waveform generator producing a stepped Waveform 
representative of said initial peak current folloWed by 
said lesser hold current; 

a current sensor providing a current feedback signal 
representing current ?oW in the solenoid coil; 

a summing node responsive to said stepped Waveform 
from said Waveform generator and said current feed 
back signal; 

a hysteresis modulator connected to an output of said 
summing node; 

a pulse Width modulator; and 

a ?rst logic circuit having inputs connected to an output 
of said hysteresis modulator and an output of said line 
voltage compensator and causing the leading edge of 
said initial peak current to be modulated With a duty 
cycle determined as an inverse function of the unregu 
lated output voltage. 

9. The driver circuit claim 8 Wherein the poWer sWitch 
control further comprises a second logic circuit having an 
input connected to said output of said line voltage compen 
sator and causing the trailing edge of said hold current to be 
modulated With a duty cycle determined as an inverse 
function of the unregulated output voltage. 

10. The driver circuit of claim 2 Wherein said line voltage 
compensator comprises a pulse Width modulator. 

11. The driver circuit of claim 10 Wherein said pulse Width 
modulator is a ?xed frequency pulse Width modulator. 

12. The driver circuit of claim I further comprising a 
system control providing a trigger signal to said Waveform 
generator for initiating a generation of said stepped Wave 
form. 

13. A driver circuit for an electrically operated ?uid 
dispenser dispensing a ?uid onto a substrate, the ?uid 
dispenser having a dispensing valve movable betWeen open 
and closed positions and a solenoid coil operative to cause 
the dispensing valve to move betWeen the open and closed 
positions, the driver circuit comprising: 

sWitching means for alternately supplying and interrupt 
ing a ?oW of current to the solenoid coil; 

means for providing an unregulated voltage to said 
sWitching means; and 

means for providing a stepped current Waveform to said 
sWitching means, said stepped Waveform comprising 
an initial peak current folloWed by a lesser hold current, 
said initial peak current having a rate of current ?oW 
represented by a slope of a leading edge of said initial 
peak current, said providing means operable to main 
tain the slope of the leading edge of said initial peak 
current substantially constant in response to changes in 
said unregulated output voltage. 

14. A method of operating a driver circuit for an electric 
?uid dispenser operable to dispense a ?uid onto a substrate, 
the ?uid dispenser having a dispensing valve operatively 
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connected to a solenoid coil, the solenoid coil being opera 
tive to move the dispensing valve betWeen open and closed 
positions for controlling a ?oW of the ?uid from the electric 
?uid dispenser, the method comprising: 

providing a poWer sWitching circuit connected to the 
solenoid coil; 

providing a poWer source supplying an unregulated output 
voltage to the poWer sWitching circuit; 

producing With the poWer sWitching circuit a stepped 
current Waveform having an initial peak current fol 
loWed by a hold current, the initial peak current pro 
viding a rate of current ?oW represented by a slope of 
a leading edge of the initial peak current, the slope of 
the leading edge being produced in response to the 
unregulated output voltage; 

maintaining the slope of the leading edge of the initial 
peak current substantially constant in response to the 
unregulated output voltage changing in magnitude; and 

applying the stepped current Waveform to the solenoid 
coil to operate the solenoid coil and the dispensing 
valve With an operational speed substantially indepen 
dent of changes in the unregulated output voltage. 

15. The method of claim 13 further comprising providing 
a slope of a leading edge of said initial peak current 
corresponding to a desired magnitude of the unregulated 
output voltage. 

16. The method of claim 14 further comprising maintain 
ing the slope of the leading edge of said initial peak current 
substantially constant in response to the unregulated output 
voltage deviating from said desired magnitude. 

17. The method of claim 15 Wherein said desired mag 
nitude of the unregulated output voltage is a loWest eXpected 
magnitude of the unregulated output voltage. 

18. The method of claim 13 further comprising: 

modulating the leading edge of the initial peak current 
With a duty cycle determined as an inverse function of 
the unregulated output voltage to maintain the slope of 
the leading edge of the initial peak current substantially 
constant; and 

applying the initial peak current to the solenoid coil to 
maintain the actuation time to open the dispensing 
valve substantially constant and independent of 
changes in the unregulated output voltage. 

19. The method of claim 13 Wherein the hold current 
provides a rate of current ?oW represented by a slope of a 
trailing edge of the hold current, the slope of the trailing 
edge being produced in response to the unregulated output 
voltage, the method further comprising: 

maintaining the slope of the trailing edge of the hold 
current substantially constant in response to the unregu 
lated output voltage changing in magnitude; and 

applying the hold current to the solenoid coil to operate 
the solenoid coil and the dispensing valve With an 
actuation time to close the dispensing valve substan 
tially independent of changes in the unregulated output 
voltage. 

20. The method of claim 18 further comprising modulat 
ing the trailing edge of the hold current With a duty cycle 
determined as an inverse function of the unregulated output 
voltage. 


