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invention relates to fluid dispensing systens and nethod of use thereof,
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FIELD OF THE INVENTION

The present invention relates to fluid dispensing systems
and method of use thereof, primarily in industrial applications
requiring the dispensing of fluids such as epoxies, silicones,
adhesives, etc. More particularly the present application
relates to those applications where preciseness and accuracy of

the amount dispensed is important.

BACKGROUND OF THE TINVENTION

Dispensing consistent, controllable, accurate measured
amounts of fluids with wvarying viscosities at an assembly plant
workstation is a long-standing problem facing manufacturers
concerned with efficient precision product. As can be imagined,
quality production requires that an optimum amount of fluid be
consistently dispensed. Too little fluid and the product might
be come apart and/or be unsafe to use as designed. Too much and
the product might be unsightly, messy, or unsafe. Further,
wasted fluid wastes money.

One prior art solution to this problem is to provide an

applicator having a reservoir of fluid and attached to a driving



force needed to extrude the fluid. These systens use syringes wth air
pressure driving the piston to expel the fluid. Al so known in @ﬁeﬂws
the use of syringe punps that continuously introduce a fluid t

i ntravenous tube. These devices usually enploy a gravity-fed tube attached
to a redEFrS meadadally HETUAS aViemobibubdg ofhpset Isyptae aseptwringe€s/en
punp that .regulates the flaow,of fluid via a camthat. alternately
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is depleted in the syringe. It has been recogni zed that mechani cal control

of a syrilagks phigeecielbt reeheaspehibe @ECiHAMLgNd consistency of fluid
di spensing. U S. Pat. No. 4,848,606 to Taguchi et al. shows an apparatus
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attached to one end of a threaded screw rod and a nozZl e hol der

f unct i onaitesscomcotioent Elitial stirspenseat., which has a syringe containing
the fluid to be dispensed attached to a controller that also
controls a compressed air supply (usually "shop air"). Fluid is
dispensed when the controller introduces the compressed air into
the syringe that depresses the syringe piston a specific
distance. VA major disadvantage of this technology is that, as
fluid is dispensed, an increasing void volume is created behind
the syringe plunger. Thus, since the same volume of compressed
alr is introduced to the syringe behind the plunger regardless
of the wvoid wvolume of the syringe, there is substantial
variability in the amount dispensed during successive operations
of the syringe as the fluid is depleted in the syringe.

It has been recognized that mechanical control of a syringe
plunger would increase the accuracy and consistency of fluid
dispensing. U.S. Pat. No. 4,848,606 to Taguchi et al. shows an
apparatus for dispensing a predetermined wvolume of paste-like
fluid that has a motor attached to one end of a threaded screw

rod and a nozzle holder functionally comnected to the screw rod.

To control the 2Z-axis position of the nozzle, the motor is



To control the Z-axis position of the nozzle, the notor is 2 ~06 APR 2004
operated, thereby rotating the screw rod and causi ng the nozzl eﬁgthﬁqmqto
travel up and down the rod threads. The dispensing is acconplished by a
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results in axial novement of the nmeans holding the syringe and, thus, the
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because stepper notors nust be attached to the end of the rod that they
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it cannot be rack-mounted and put into a production assembly
line system.

However, a fundamental drawback to the Taguchi et al. and
similar devices is that they dispense fluid from a syringe by
moving the syringe, not the plunger. Because these devices
employ stebper motors, rotation of the rods attached thereto by
definition results in axial movement of the means holding the
syringe and, thus, the syringe itself, not of the rod and a
plunger attached thereto. This is because stepper motors must
be attached to the end of the rod that they drive, they do not
allow the rod to pass through the axis of the motor such that
the rod can move axially relative to the motor. Indeed, Taguchi
et al. Make things more complex by requiring two stepper motors
and two drive rods, one to control the axial position of the
nozzle énd one to dispense fluid.

Another major drawback of all these dispensers is that the
"dosage"” of fluid to be extruded cannot be controlled as
precisely as desired. Most of the references use translated

rotational motion to create relative linear movement of a



Anot her maj or drawback of all these dispensers is that the "dosage" of
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actuat or therehy achhgving direct control of a syringe plunger w thout
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oper ati onodf tuge.di spenginagtdmedr at fituid dispenser should be easily

| incorporated into an assembly line workstation.

Another limitation in prior art devices, especially
'dispensers of higher viscosity fluids, is that there is a
residual dispensing, leakage or oozing of the fluid after the
driving mechanism has stopped slowly expelling extra, unwanted
fluid. To accommodate the time and this extra fluid, the
dispensing- apparatus cannot be moved toc the next location since
the leaking fluid would be drip onto unwanted areas as the
dispenser was moved to the new location. A significant amount of
time must pass before moving to allow the leaking to stop. This
limitation prevents accuracy, precision and time efficient
operation of the dispensing apparatus.

Another application of fluid dispensing requires mixing of
components in precise and repeatable proportions. For example,
even for the home workshop epoxy dispensers provide a dual
syringe assembly with a single hand operated surface connected
to the pistons located within the syringes. This allows for the
simultaneous dispensing of the two components in rough

- proportions needed to adequately dispense the epoxy. This

apparatus demonstrates an application of dispensing mixing



Anot her application of fluid dispensing requires mxing of conponents in
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hand opefattdssbutaericoappatatust batke phstpnecistahednd trepestability
syringes. This allows for the sinultaneous dispensing of the two
conponentsquaredudly pndperty onSheeedeits ta avsflateory atcprace. t BFecpsRy.
This apparatus denonstrates an application of dispensing mxing 4 D8 AP R
2004 f| prapobbion] sdippanaing lofckEluhds prt@@itsigmmh@lgf@p@@c abhey t pre
required by industry. There is a need for accurate, precise proportional
di spensi A&SBENFREBi ds that commingle as they are dispensed. A U S. patent
to Gardos et al. No. 5,816,445, discloses a two-part fluid %{sp nser with
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cartridges during use. This System di scl oses using pre--
controlled from the microprocessor. The invention is directed
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towards fluids of differing viscosities. An air driven pinch
tube controlled by the microprocessor closes the channel to the
work piece thereby stopping the £flow out of the system.
Howevcer, this techniques does not fully prevent 1leaking. To
provide séme accuracy, thé cartridges are pressurized and
therefore need to be shrouded by to prevent distortion of the
plastic cartridges during use. This system discloses using pre-
defined and loaded cartridges to provide specific ratios of
material delivered. The system drives the pistons in each
cartridge the same distance, but the different cartridges will
output different amounts as determined by the physical
differences in the cartridges. This arrange is fixed, inflexible
and limited in that other ratios can only be provided by
replacing the cartridges, but the range of ratios is fixed by
the availability of cartridges.

A U.S. patent to Weston, No. 5,348,585 discloses a
controlled motor driven dispenser from a cartridge. There is | a

rotating drive rod that is mechanically interconnected to move



defined and | oaded cartridges to provide specific ratios of materi al
delivered. The systemdrives the pistons in each cartridge ther%s) ©EPR 2004
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di stance, but the different cartridges will output different a nts as
deternlnﬁg by theIP %SIC dlfferences in the cartridges. This arrange is
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of the design along wth the conp eX|ty i mtat Foor
art, neaneneﬂh@b@&ﬁpleﬁltyhat it is desirable to elimnate dripping after
a given anount of fluid has been dispensed. Cccluding the output channel,

as in the Gahdoshet dlimipaitdmin dbsCuneehakRYeardoemenot owBak atBlk, Quer
the wide range of fluids and viscosities used in these system It is an

obj ect ofthaheipr ésedesimatiie do tel pruindite d@rimaind i Otdora tderabamunt
problens and limtations found in the
of fluid has been dispensed. Occluding the output channel, as in
the Gardos et al. patent discussed above, does not work well
over the wide range of fluids and viscosities used in these
system.

It is an object of the present invention to provide a
solution for the above problems and limitations found in the
priox art.

Accordingly, an object of the present invention is to

" provide a means for repetitively dispensing a precise and
optimum amount of filuid.

A further object of the present invention is to provide a
fluid dispensing means having sufficient rigidity, durability,
and lightweight to meet production line requirements.

Another object of the present invention is to provide such
a dispensing means that dispenses and commingles two or more
fluids.

Still another object of the present invention is to provide

a co-mingled output of two or more fluids in substantially any

desired proportions.



prior art. Accordingly, an object of the present invention is to provide a
means for repetitively dispensing a precise and optimm anmunt ghghﬁ. A
further object of the present invention |s to provide a fluid" isB
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i nterl oc fixed to the piston within the syringe, al | owi ng
the drivg;comtroller to reverse the direction of the piston.. Still yet
anot her object of the present inventionis to provide a dispensing process
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provide a systemthat uses prel oaded syringes and cartridges wherein the
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obj ects, features and advantages of the present invention will be apparent

fromthe follwatngndehat | sishedessti fié opreferithe mpreaftdoned serbogdiroehie a
t hereof taken in ,
system that uses preloaded syringes and cartridges wherein the
contents therein never are exposed to the operating personnel.
Other objects, features and advantages of the present
invention will be apparent from the following detailed

description of the preferred embodiments thereof taken in

conjunction with the accompanying drawings.

SUMMARY OF THE INVENTION

The present invention is a fluid dispensing system, and
method of use thereof primarily in industrial applications
requiring an accurate, precise dispensing of fluids with varying
viscosities, such as water, epoxies, silicones, adhesives,
solder paste, single component, two component, filled, premixed,
frozen, etc.

The dispenser has a syringe disposed within an adapter unit
that is attached to an dispenser apparatus. This apparatus is
controlled by a microprocessor-based controller that can be
programmed to dispense precise volumes of fluids based on
syringe size, including 1length, inside diameter, dispense

volume, dispense rate, backoff (see Dbhelow), method of



conjunction with the acconpanying drawi ngs. SUMVARY OF THE | NVENTI ON The
present invention is a fluid dispensing system and nethod of g@ﬁ éhfﬂﬁ eof
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filled, prem xed, frozen, etc. The dispenser has a syringe disposed within
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manual di spense actions, .and fluid viscosity. An inportant advantage of
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Another feature of the present invention is reversing the
motion of the piston to achieve - “backoff.” This feature is
enhanced by controlling the timing of the "backoff" where the
dispensing is stopped for a programmable length of time before
reversing direction. As described above, for many fluids being
dispensed unwanted leaking will occur. The present mechanism
fixes the drive piston to the drive rod wherein the controller
may drive ﬁhe piston forward a precise distance dispensing fluid
and then drive the piston backwards a precise distance to
prevent any leakage. In a preferred embodiment a trial and error
approach has been found to be an efficient way to determine for
any given fluid the amount of back off needed to achieve the
precision and accuracy for any particular application. In a
preferred embodiment any mechanical backlash, when changing
directions of the piston, is compensated by the triél and error
approach.

The dispenser can be mounted for operation commercially
available X-Y-Z axis tables, wherein the volume of fluid
dispensed can be programmed by the controller or regulated by an

external source to maintain the desired volumes at the desired



di spensing is stopped for a progranmable |length of tinme before reversing
direction. As described above, for many fluids being dispensef BuARRI2Hd
| eaking will occur. The present mechanism fixes the drive piston to the
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di stance dispensing fluid and then drive the piston backwards a precise
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accuracy for any particular application. In a preferred enbodi nent any
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generated by either the operator, as by a finger switch attached
to a handheld applicator or a footpedal, or a pre-programmed
input, such as a microprocessor. Displacement of the drive rod
Creates a positive pressure on a fluid contained in the syringe,
thereby causing fluid extrusion from the syringe. As can be
expected, bécause the drive rod is displaced a precise distance
forward, stopped and then displaced in reverse, this system
allows foxr very precise control of the volume of fiuid extruded.

The present invention has an advantage that it provides a
precise, optimum amount of fluid to be repetitively dispensed
quickly resulting in efficient operation.

In a preferred embodiment, there may be multiple self-
contained syringes or cartridges arranged with common outputs
where the co-mingled proportions are programmable by the
controller. These systems may be arranged in an automatic work
station and may be powered from a battery or line power with the
appropriate converters and interface electronic, as are well

known in the field.



controller in response to recei pt of an actuator signal generated by

either the operator, as by a finger switch attached to a handhe,Jél

applicator or a footpedal, or a pre-progranmed input, such as & APR 2004

m Ccr opr ocessor, Ia% Iaﬁerrent of the drive rod_creates a positive pressure
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obj ects and advantages of the invention wll beconme apparent fromthe
descri pt céaimédt he draw ngs and preferred enbodi ments of the invention,
whi ch follow. BRI EF DESCRI PTION OF THE DRAWNGS FIG 1 is a schematic
di agr am of onE&I@nbodli dmwsof at heidel adtawnibEal diye c wrinfdlguachtfila dodi spenser
system presently cl ai ned,

ergonomically designed handheld applicator of the present

invention;

FIG. 3 shows the ergonomically designed handheld applicator
of Fig. 2 in combination with a syringe and piston assembly;

FIG 4A shows a perspective view of one embodiment of the
syringe adapter unit.

FIG. 4B shows a plan view of the embodiment of FIG. 44,

FIG. 4C shows a perspective view of a second embodiment of
the syringe adapter unit.

FIG. 4D shows a plan view of the embodiment of FIG. 4C.

FIG. 5 shows one embodiment of the drive rod/plunger
assembly,

FIG. 6 shows the fluid dispenser system of the present
invention integrated into an XYZ table, wherein the control uvnit
receives input from a microprocessor; and

FIG. 7A and 7B show an embodiment of the present invention
wherein the control unit simultanecusly controls two separate
handheld applicators (7A) or fixed applications attached to an

. XYZ table; the two applicators with a commingled ocutput.
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FIG 2 shows a side view of one configuration of the ergonomcally
desi gned handhel d applicator of the present invention; FIG 3 SB(BV\APR 12804
ergonomi cal | y designed handhel d applicator of Fig. 2 in conbination with a

syringe and piston assgggkypdt &l 4dr SHOMSPREPSUERE GRTMERWSOf one
enbodi mrent of the syringe adapter unit. FIG 4B SHows a plan view of the

enbodi ment ofagF|l 8ledronftddl fcciﬂm&%léle@erSﬁ@@iti&ﬂa-\dl@dbl%fcemeﬁacmld
enbodi ment of the syringe adapter unit. FIG 4D shows a plan view of the
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rod/ pl unger assenbly, FIG 6 shows the fluid dispenser systemof the
present conmtenicited | NbEQr adledndritd amaxd¥Z t fbbe, weedile,t heltghtwedghini t
receives input froma mcroprocessor; and FIG 7A and 7B show an enbodi nent
of the madserimlisnvést isbovnwher igst.né,ca@nt ol 8ni thei duspansenssystgntl ol s
two separate handheld applicators (7A) or fixed applications attached to
an XYZ qogisird;seshe oaptappl usdtords aitarhed dwni agrertoek pietheo D ® APR
2004 DESCRI PTI-ON OF THE PREFERRED EMBCODI MENTS An el ectronically cont rolled,
posi ti vergicsomicaddnt desdigmeddihagyedhwld sﬁ}m@rﬁﬁ@rpﬂow%dw T%emGF FErfEer i s
primari l%i constructed of elenments made from durabl e Prg

mat er i alfdxess thAuIPHK FPERtian 2ssgpilly, line gPEp@HE@Wa %/%tg RenEHifhr i ses

a control unit 2 attached by a control tether 3 to an
See FIG. 8.

The applicator 4 is provided with a linear actuator 5
having drive rod 6 axially and engagably disposed therethrough
to an engagable terminus 7. Referring to FIG. 3, drive rod 6
inserts into a syringe 8a and piston 8b assembly for storage and
application of the fiuid 17 to be dispensed. Syringe B8a has a
nozzle Bc adapted to accommodate applicator needles. Referring
to FIG. 5, the engagable terminus 7 is designed to engage with
piston 8b, so as to allow precise axial movement of piston 8b
during both forward and backward movements.

Referring back to FIG. 3, the syringe 8 1is securely
combined with dispenser 4 by means of a retaining ring 14 and
adapter plate 16. Referring to FIG. 4A, 4B, 4C, and 4D, the
retaining ring 14 has a plurality of locking tabs 84 disposed
about the periphery of retaining ring 14 at a relatively normal
angle from retaining ring 14. Retaining ring 14 further defines
an axial wvoid 88 capable of accommodating a syringe barrel.
Adapter plate 16 is a planar member that defines a corresponding
plurality of peripheral voids 86 capable of accommodating the
plurality of locking tabs 84 such that rotation of retaining

ring 14 relative to adapter plate 16 locks the tabs 84 into the
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ergonom cal |y desi gned handhel d applicator 4, or to a nechanism fixed to a
work station assenbly line for automatic di spensing. See FIG %%%';512 :
applicator 4 is provided with a |inear actuator 5 having dri v b 0

axi al ly and, engagabl y_di sposed_t heret hrough to_an, engagable termnus 7. -
Referri ngV?b5%| %8-3, %‘?%@e% oB18te| dfertiarihnr, dekinesgensadfd preidns8p

nbl t d | j gati f _th luid 17 tq be, di d
Syr i nge’ SRRt “REE Moo Rty (0 e oftdoRe abpl Aca: BT cEhat
Ref [ G t | e t ' %7 1s desi d i th
oi ston oiete8-SL ke | by PR S R ° srSprEra gt "GRG b0t
f d d : ' Fl ' '
ocurely CAREIRoa i B L ehEn N oy R R AR RS Sy 1A

adapter pEgiidg. IR eEhERY d0 FLGaiffhg 4BindC1aNdnéD 4be (el ing
14 has a pl urallgriéty of Iocﬁi ng ta%s 184%?sp3§1 d lgbgﬁtégt h%bpgﬁg%ﬁ%#@.c%?l&
retaini ngsii fgbild shaperel atively normal angle fromretaining ring 14.

Retaining ring.14 further defines an axial void 88 capable of

acconmodat i ng ReS¥riigg Packelto Adepter, pkeherdd wHiid P apak nerbsr that
defines a corresponding plurality of peripheral voids 86 capabl e of

accommodadi spehder @Eberatot Vedfsdlnsdd ng diahs pi4-prohrbhakdr glat doRrQimes

retaining ring 14 relative to adapter plate 16 | ocks the tabs 84 into the

11 .U 6 ARRI2004wrwbeds c36.a Adapiablel abduhé famet hErowdeftienesaan raxhdkedoi d

89 suitable for acconmodating drive rod 6. It is intended that adapter

unit 12 b¥hemspaeedrarahin éepoesaesafipgdessgitech 2 a signal 10 is sent
via control tether 3 to the control unit 2, which processes the
actuator signal 10 in accordance with the pre-selected fluid
volume(s) and flowrate{s) and generates an electronic drive
signal 10' of fixed duration, which is transmitted via control
tether 3 to linear actuator 5. Linear actuator 5 then displaces
drive rod 76 a specific axial distance A to extrude the precise
volume of fluid 17 desired. It is important to note that, in
this mode, the controller determines the time duration of the
electronic drive signal 10' which is not affected by the length
of time that the operator depresses finger switch 9.

In this embodiment, the time duration of drive signal 10
is calculated to cause drive rod 6 to be displaced a specified
distance forward with a subseqguent specific backoff distance to
ensure that the desired, metered volume of fluid is extruded. In
another preferred embodiment the operator may eiect manual
control, where the time duration of the fluid extrusion, is
controlled by the duration that the operator actuates the finger

switch 9. Fluid will then be extruded at the selected flowrate

for as long as finger switch 9 is depressed. Thus, in either

12



cow ing 18, although other constructions are possible, such as form ng one
face of retaining ring 14 into an ergonomcally suitable shapg; g RsResmi ng
back to FIG 1, control unit 2 nmay allow the dispenser operator to sel ect

ei t her %Sa@re@r%mgt&%dtm' YemeANE £ NS E8sindbd AL s ARLA VGl VAR and

flowate, as require en the operator depresses finger swtch

signal 18yl gogeRheidd NOMe i ber ail@ Lhgngontgol unit 2, whi ch

processes the actuator signal 10 in accordance with the pre- selected fluid

vol une(s) andrEkeweahg(so 2nd. oBnaratLs-aRreldeehbodifett| vappsigagbr1@4 of
fixed duration, which is transmtted via control tether 3 to |linear

act uat ormay ben@@ingetduahorard Xyrencdblspl Beetng dai mecrogrbcasspecichpabari al
di stance A to extrude the precise volune of fluid 17 desired. It is

i npor t anbft opeeferminyg, the tlfiinctboes tdE coombtwdllsrr defr mi sasht héhikne
duration of the electronic drive signal 10' which is not affected by the
length epplimetohat 6idhe ioper aowrraliedssdirécnler buit dihed. KXWzt hitgble
enbodi ment, the time duration of drive signal 101 is calculated to cause
drive romiereproeedsepl acal oudputi f tethedi si%nce flor ward WVSR a Butdeguent
speci fic backoff distance to ensure that the desired, netered vol ume of
fluid i seekpdiment, | Rheafiduher dproeeseEdSERBUNI ARNEDE hBrEEERkt &nmlé’lnect
manual control, where the tine duration of thfé%fl ui d extr.usion,

control | E‘GYbPet HemRingd IR Ehag £Ré GBPFLQt FPta Rt EE Fh@lﬂ%oceﬁﬁiof‘:ch 9.

0 Ll fen e ertrudie bt e selecter thoate (AL 3RL0N Hhuliroe
dispensing. The table may also be a workstation along an
assembly line. Work pieces 120 are moved onto the table, and
when the operation is concluded the piece is move off 122 and
replaced by another. The dispenser 64 may be arranged and
controlled for motion in an x, y and z direction to accommodate
the operations. In another embodiment the table itself may move
to position the work piece under the dispenser. In this case the
dispenser =needs only to move in the z direction.

One further embodiment is shown in Fig. 7, wherein the
controller 72 simultaneously controls two handheld applicators
74A and 74B via control tethers 73A and 73B. In this
embodiment, control unit 72 is capable of (a) dual input of two
separate actuator signals 702 and 70B from two separate
applicators 74A and 174B, (b) dual signal processing in
accordance with two separate pre-selected fluid volumes and two
separate pre-selected flowrates, and (c) generation of two
separate electronic drive signals 70a' and 70B' to the two
separate applicators 74A and 74B. Thus, two operators

simultaneously can each use separate applicators, or one
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node of operation, the volunme of fluid dispensed is controlled by

regul ating the duration of drive signal 10'. Referring to FlI Ghbﬁﬁ, hn a

rel at ed enbodi ment, applicator 64 may be nmounted on an XYZ t& AP azwg‘ng a
m cropro EE&%%O&a%%g]qmmgf“perfornin t he functions of control]er 62, such
that applicator i SNt ol T TP T FPRA AT W XG5t heh| 81 ERRBPSRES sor
via outp t ; urther enbodi nent, the fluid dispenser
system o:“btrt h%&&féélstg%tll' r’lv:a[r%'t %&énaéé%ghﬁ%lnﬁ%dg% EROXYXFF ¢ %?]E“:r‘fg‘t as

having & SHAEOPLACESRN! 7 SYBCLNAL s Nt CORLSS cPBal Salfs 01 S Bans ofne

controlling flurd dispensing. The table SO0 be a Wwor; ron-a

assenbl y dgetac iV K @héeC ool 2013 & mMyed %ﬁ 0 %ggeafﬁgblcf%%@;}ggelda&geﬁnwe a

operation is concluded the piece is nove y anot her.

The di spevisgleblowtputbewnerangad anthpsantdl |8 el nmid op ﬁﬂd@nnéﬁr Yp@nd
z direction to accomopdate the operations. |In another enbodi nent the table

i tsel f mepnmredletio posatteatsie WOk SHh@CE 08NdgRidhe aHeSPEPSEEn 4t hby
case the dispenser =needs only to nove in the z direction. One further

enbodi memrogragiong in Ehe contwedrein (e eONtdD| teEsd 2erfbdlH haiiad Ushy
controls tw handhel d applicators 74A and 74B via control tethers 73A and
73B. | n g@ckofdniisdiusedt faporsacdl applicétars aababdtceniirea) Isiatridpuindf
two separate actuator signals 70A and 70B fromtwo separate applicators
74A and EFBOT( Brthade . sTgndGpr dBes siadysisn 114t cur dame eowipuit: t ool Sbpa rmde
pre-selected fluid volunes and two separate pre-selected flowates, and
(c) genes iWifDrte wereeRer bhe dlew rfgiim ore vevsinuel §rP0A beimt 7¢Baw o

the two sgpar %te gﬁgl icators 74A and 74B. Thus, two operators
into the o r output. Such valving is known in the art.

An important feature of the backoff discussed herein is
that backoff is useful on all the various preferred embodiments
including manual, mulitple, automatic and all the various
combination thereof. 1In particular the present invention
provides for a time controlled backoff. Many fliluids, especially
spongy types, like silicon, benefit from such a controlled
backoff program. The j.nu_:)lementation is that the forward thrust
of the piston dispensing fluid is stopped when the programmed
amount has been delivered amount, a delay time determined by
trial and error occurs, and then the piston is reversed to draw
the fluid up preventing dripping. This delay technigque has been
found to be more effective preventing dripping.

The arrangement of two syringes in FIG. 7B may be used in
the automated system discussed above in FIG. 6, and more than
two dispensers can be accommodated.

It is understood that these embodiments may be powered from
a battery directly or from power cord that may draw power either

from a power line/power supply or from a battery or storage
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si mul t aneously can each use separate applicators, or one 13 0 G APR 2004
operator can use two separate applicators either sinultaneously p@ APR 2004
sequential |y, as where bench-nixing of epoxy is desired. As shown in FIG
7B whi chabéide SUIR! iihbedodpeW PE-8BANCNY g Wﬁ%%&atcb%ertta% e 17 s 100
and 102 be comm ngled into a single output ere the proportions of the
two flui dsa Ry bEelgontrolled by actuators 106 and 108 which are driven 104
by progranmng in the controller. In each of these enbodi nents the

backof f i s useHef dmweaniicapphagaty afthodidied Mineddhert r specabiled erficains

met hods. In FIG 7B, valves 110 at the output orifice may be used to
prevent whehéhowdepenting Sypmngehd rspibit ngrdrengertiad t diesxd diszr icaktijost .
Such valving is known in the art. An inportant feature of the backoff

di scussetihheeef n iThe tpresdut laibod snesesd Areortiedefdre a ilosconsidanedd
enbodi nents i ncluding manual, nmulitple, automatic and all the various
conbi nat i8n alHere@dpeqts past M&mtnateum esRAt Tohy enesopictprovi dandf @lla
time controlled backoff. Many fluids, especially spongy types, |ike

si | i con, ChenReest Which SOBR ét’léf(l}'ﬁ-tnr ot hedmepainRgf ﬁnar 8GPER Ofheedquivalency
|rrplerrent tion is that the forward thrust of t plston ensing fluid
is stopp@ %ncf%%‘“%r%’@‘?at?ﬁﬁe? Lom® uiRteRded e da 105 del ay
time determined by trial and error occurs, and then the piston is reversed
to draw the fluid up preventing dripping. This delay techni que has been
found to be nore effective preventing dripping. The arrangenent of two
syringes in FIG 7B may be used in the automated system di scussed above in
FIG 6, and nore than
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two di spensers can be accommodated. It is understood that these enbodi nents
may be powered from a battery directly or frompower cord that nmay draw
power either froma power |ine/power supply or froma batteryq APROROE
14 .. $ APR 2004 device via (AC-to-DC, DC-to-DC, etc) power c nverter wel |
known in the field. The invention nmay be enbodied in other specified forns
W t hout departing fromthe spirit or essential characteristics thereof.
The present enbodi ments are therefore to be considered in all respects as
illustrative andhat@claimstisi cti ve, and all changes which come within the
meani ng and range or equivalency of the clains are therefore intended to
be enbraced therein. 15 u. 6 APR 2004 What is clainmed is: 1. Afluid

di spensi ng systlen h#id rilisparsing svatemnhavingo AR r gestenic ceanyelle cqoasirugied and

progr ammﬁrobfanﬁﬁéd fé%hﬁ/aﬁmhddfnhé/@ pRtditS tidPeris® atirSdRREHE acbuRite SinSiht aNfilid
accurate ﬁrmunt | ui froman output conprising: a notor and

correspon PW@"&PFR&‘{;C%'SQPT anged wherein the drive rod noves relative to
the notor, the drive rod defining an axis, neans for activating the notor,

means for att ac‘eh’n@l%r Lrtlaecaqreéﬁﬁﬂdlﬁé) ﬁrn}eqloé Qﬁ @eﬁmgre Hﬁ%%rh@%d %&%s%lbﬂ(lg tJ od and

the piston nove as a uni or war reverse axi al
directi onéherﬁ@%ﬁ’ef%‘i’eﬁ?dd&ﬁ@!’m@‘%?“%l gnal to activate the nmotor to drive the
rod and piston axially to dispense a given quantity of fluid, neans for

determning a delay i ' d&fivating the motor,

means for attaching the drive rod to the piston such that the drive rod and the piston

move as a unit together in the forward and reverse axial directions,

means for producing a signal to activate the motor to drive the rod and piston axially to
dispense a given quantity of fluid,

means for determining a delay time,

means for stopping the motor for the delay time,

means for determining the backlash in the motor, rod and piston, and

means for reversing the direction of the axial motion of the rod and piston to overcome

backlash in the motor, rod and piston mechanism and to back off the piston thereby preventing

ieakage.

2. The system as defined in claim 1 further comprising one or more additional: motors,
means to activate the additional motors, drive rods associated with the motors, a
corresponding number of syringes and pistons wherein the pistons are fixedly attached fo the
drive rods, and means for co-mingling the outputs of all the syringes.

16



means for stopping the notor for the delay tine, neans for determ ning the
backl ash in the notor, rod and piston, and neans for reversing the
direction of the axial nmotion of the rod and piston to overcoggdﬂﬁ€ﬁ®¥ash
in the notor, rod and pi ston nechani sm and to back off the pi eby
preventing |eakage. 2. The systemas defined in claiml1 further conprising
one or nore additional: notors, nmneans to activate the additional notors,
drive rods associated with the notors, a correspondi ng nunber of syringes
an(cji pi st onfs wheg.eThe wl@grrpiaWQm@dan &lairh &eah?fieiattﬂ@@hﬂda_nérmcﬁﬂpasiesdigbirg rorz)glg,4 5
and neans r «co-mnaling t outputs of all the syringes. . :
The syat e Ao, Btemohs o s Biefed orf heot Hirdd A BY S oo Beting 1 o
cont r ol | i regparatelygoaipdingitteractustors foneald sgingever ed from each syringe to the
co-m ngl ed output by separately controlling the actuators for each
syringe. 4. The systemas defined in claim3 wherein the syringes are

sel f-contai ned syringes or cartridges containing pistons and wherein the
drive rods are #i Thelbystert bagdTiRed in@ldii8 NS syringesTére seisdntiiedssydiefes ned i n

laim1 wherejn th | i d f | 1ing the time f
the act i val Faeare wnin Srof et el onee rdrioeitag e o' 6 The

systemas defined in claim1 further conprising; an XYZ position system
wherein the controller is arranged to control the XYZ positioning system
and neans for bringing a work piece under the output of the dispensing

syst em wher ei n >f 4f @Yste @esgrihebdn claimy Tnubaien1iae cPRIfleic PrRYIehETSGRR B pi ece
Wi t h anot hentroliihg tHdms o8 theractuatictedfi the shoton inMoth diettidng Bhdithe sppige thieng a
power unit that provides power to the system wherein the power unit draws
froma power line or froma battery. 17

6. The system as defined in claim 1 further comprising;

an XYZ position system, wherein the controller is arranged to confrol the XYZ

positioning system, and

means for bringing a work piece under the output of the dispensing system wherein
fluid is dispensed, and

means for replacing the work piece with another.

7. The system as defined in claim 1 further comprising a power unit that provides
power to the systemn, wherein the power unit draws from a power line or from a battery.
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