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PRECISION DISPENSING

The endless piston pump

An ideal process involving the application of fluids and liquids would have a pre-determined volume
of material applied to a location with accuracy and consistency. This may have more importance in
fields like medical device manufacturing or microelectronics but all engineers want to remove
variability in their processes. Peter Swanson reports

or over 30 years, the dispensing of
Findustrial fluids has been improved by
simple time/pressure dispensing
machines or controllers. A syringe like
barrel with the liquid inside is attached to
the dispensing controller, which pushes
compressed air into the larger end when
needed. This compressed air can be a
timed pulse and pushes the liquid out of
the smaller end of the syringe barrel, usu-
ally though a dispensing needle or nozzle.

The amount dispensed is dependent
on: the rheology of the liquid (viscosity
and thixotropy); the air pressure; the time
of the pulse of air; and the size of the ori-
fice in the needle. The latter three factors
are selectable and with the choice of a
suitable combination of these most flow-
able liquids can be dispensed in beads or
drops with a reasonable amount of accu-
racy and repeatability. Many thousands of
these machines have been sold, with
major benefits to users, including materi-
al control and health and safety.

Typically, these devices are used man-
ually or in a semi-automated process.
Employing low viscosity liquids and the
finest needle size, with an inside diameter
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of about 0.25mm, quite small dots can be
dispensed. Limitations of this approach
include having to have the liquid packed
in a dispensing syringe barrel. Many
materials are available from manufactur-
ers packaged appropriately or they can be
filled subsequently by a third party ser-
vice. Any air inclusion in the barrel will
affect deposit accuracy, so the filling pro-
cess (which may include centrifuging) is a
factor.
One variable which is difficult
to control is material viscosity;
the less viscous the fluid is, the
greater is its ease of movement
and the larger the dispensed
amount will be for the same set-
tings. Viscosity can change with
ambient temperature or with
repeated quick air pulses. The
material may also change due to
curing; such is the case with a
~ mixed epoxy adhesive, for
. example.
Another issue is the variability
in dispensed quantity as the
syringe barrel empties. The
amount of compressible air in
the system increases according-
ly, which means that the same pulse of
compressed air from
the dispensing con-
troller has a lesser,
delayed impact on
the liquid, resulting
in smaller deposits.
Some of the limi-
tations of simple
time and pressure
dispensing can be
mitigated by the use
of dispensing valves.
These are typically |
pneumatically con-
trolled valves into
which the material is
fed (usually under
pressure from a
reservoir) and which

allow the material flow to be
started/stopped or otherwise controlled. A
fully automated fluid application opera-
tion often uses a dispensing valve, as it
precludes the need for the exchange of
empty barrels for filled ones, for example.
The quest for a true, volumetric dispense
has led to the development of valves
which work on a positive displacement
principle. Within the valve, a cavity of the
desired volume is filled with the liquid,
and then this volume is ejected mechani-
cally or pneumatically. For example, this
can be achieved with a tube which is
pinched by pistons at either end to form a
cylinder of the appropriate volume. The
sequence of opening and closing the pis-
tons will dispense that volume. Another
method is to use an auger screw inside a
tube which can be driven by a motor.
These valves are usually specific to a lim-
ited range of deposit size or to certain vis-
cosities.

Recently, a pump technology which
delivers positive displacement, volumet-
ric dispensing or dosing has been applied
to the precision application of industrial
materials, and which can deliver as little
as 0.1 ul. A progressive cavity pump is a
type of positive displacement pump.

Endless-Piston-Principle technology in a pen, with digital controller
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...or better, several pistons in
succession...

...make the wall thickness of
the piston zero...

shghtly change te pistn
shape

...now you've got the
endless-piston-principle...

Typically, it consists of a single helix metal
rotor and a double helix hole in an elastomeric
stator. The rotor seals against the stator, form-
ing a series of spaces or pockets, which trans-
late along as the rotor rotates, keeping their
form and volume. The pumped material is
moved inside the pockets. In addition, the
pockets are shaped such that they taper and
overlap; the output is continuous, even and
non-pulsing.

The flow rate is directly proportional to the
rate of rotation and the volumetric output of the
pump is directly proportional to the number of
rotations. Due to the rotor/stator seal, input
pressure has no effect on the pump, so it
achieves true positive displacement. It is also
able to pump at very low rates, and low levels
of shear are applied to the pumped fluid.

Dispensing or dosing units based on this
technology are available for precision applica-
tions. They consist of the rotor/stator assembly
and a motor drive unit, in a pen-like configura-
tion. A separate controller allows programing
of the motor speed and number of rotations to
effect dots or deposits of specific volumes, or
continuous beads. When the dispensing opera-
tion is complete, the motor can be reversed

The rotor/stator assembly in a pen configuration

briefly to prevent stringing or dripping. A dis-
pensing needle is fitted to the end of the pen
using a standard luer fitting. Crucially, once a
material has been characterised, a desired vol-
ume can be selected on the controller, which is
dispensed regardless of material viscosity
changes and independent of ambient tempera-
ture. The technology handles viscosities from
water up to very high viscosity pastes, includ-
ing abrasive, filled or shear-sensitive media.
Flow rates range from around 0.1 to 60
ml/minute and the pen can be hand-held or fit-

ted to automation.
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