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tions. Once the docking vehicle has
been captured magnetically in the
docking port, the ball-lock mechanism
is activated, which locks the two space-
craft together. At this point the electro-
magnet(s) are turned off, and the serv-
ice probe extended if recharge and
refueling are to be performed. Addi-

tionally, during undocking, the polarity
of one electromagnet can be reversed
to provide a gentle push to separate the
two spacecraft. This system is currently
being incorporated into the design of
Mini AERCam vehicle.

This work was done by Nathan Howard of
Johnson Space Center and Hai D. Nguyen

of Lockheed Martin Corp. For further informa-
tion, access http://aercam.nasa.gov/index.htm.

This invention is owned by NASA, and a
patent application has been filed. Inquiries con-
cerning nonexclusive or exclusive license for its
commercial development should be addressed to
the Patent Counsel, Johnson Space Center,
(281) 483-0837. Refer to MSC-23997.

A proposed valve for controlling the
rate of flow of a fluid would include an
electric-motor-driven ball-screw mecha-
nism for adjusting the seating element
of the valve to any position between fully
closed and fully open. The motor would
be of a type that can be electronically
controlled to rotate to a specified angu-
lar position and to rotate at a specified

rate, and the ball screw would enable ac-
curate linear positioning of the seating
element as a function of angular posi-
tion of the motor. Hence, the proposed
valve would enable fine electronic con-
trol of the rate of flow and the rate of
change of flow.

The uniqueness of this valve lies in a
high degree of integration of the actua-

tion mechanism with the flow-control
components into a single, relatively com-
pact unit. A notable feature of this inte-
gration is that in addition to being a
major part of the actuation mechanism,
the ball screw would also be a flow-con-
trol component: the ball screw would be
hollow so as to contain part of the main
flow passage, and one end of the ball

Electromechanically Actuated Valve for Controlling Flow Rate
A ball screw would be both an actuator and a flow-control component.
Marshall Space Flight Center, Alabama

The Rate of Flow Through This Valve would be determined by the axial position of the hollow ball screw relative to the valve seat.
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screw would be the main seating valve el-
ement.

The relationships among the compo-
nents of the valve are best understood by
reference to the figure, which presents
meridional cross sections of the valve in
the fully closed and fully open positions.
The motor would be supported by a
bracket bolted to the valve body. By
means of gears or pulleys and a timing
belt, motor drive would be transmitted
to a sleeve that would rotate on bearings
in the valve body. A ball nut inside the
sleeve would be made to rotate with the
sleeve by use of a key.

The ball screw would pass through and
engage the ball nut. A key would prevent
rotation of the ball screw in the valve
body while allowing the ball screw to
translate axially when driven by the ball
nut. The outer surface of the ball screw
would be threaded only in a mid-length
region: the end regions of the outer sur-
face of the ball screw would be polished

so that they could act as dynamic sealing
surfaces. The inlet end (the right end as
depicted in the figure) of the ball screw
would be the main seating valve element:
in the fully closed position, it would be
pressed against the valve seat, as depicted
in the upper part of the figure.

A retainer would hold the valve seat in
an inlet fitting. In addition, the retainer
would be contoured to obtain a speci-
fied flow rate as a function of axial posi-
tion of the ball screw.

In the fully closed position, little force
would be needed to press the ball screw
against the seat because the push bore
area upon which the upstream pressure
would act would be small. The motor
would position and hold the ball screw
against the seat, providing the force
necessary for sealing.

To open the valve to a particular posi-
tion, the motor would be commanded
to rotate to a particular angular position
(equivalently, a particular number of rev-

olutions) at a particular rate of rotation
within its torque limitations. Once the
valve was open, fluid would flow through
the inlet fitting and the chamber in the
inlet housing, past the seat and its re-
tainer, along the hollow core of the ball
screw, and through the outlet housing
and outlet fitting. The net force gener-
ated from fluid pressure in the open posi-
tion would be small because the pressure
exposed to the push bore areas at the
inlet and outlet are nearly equal and the
forces generated would be in opposing di-
rections.

This work was done by Paul Patterson 
of Marshall Space Flight Center. Further in-
formation is contained in a TSP (see page 1).

This invention has been patented by 
NASA (U.S. Patent No. 6,802,488). Inquiries
concerning nonexclusive or exclusive license for
its commercial development should be addressed
to Sammy Nabors, MSFC Commercialization
Assistance Lead, at sammy.a.nabors@nasa.gov.
Refer to MFS-31761-1.

Plumbing Fixture for a Microfluidic Cartridge
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A fixture has been devised for mak-
ing the plumbing connections between
a microfluidic device in a replaceable
cartridge and an external fluidic sys-
tem. The fixture includes a 0.25-in.
(6.35-mm) thick steel plate, to which
the cartridge is fastened by two 10-32
thumb screws. The plate holds one
plumbing fitting for the inlet and one
for the outlet of the microfluidic de-
vice. Each fitting includes a fused-silica
tube of 0.006-in. (≈0.15-mm) inside di-

ameter within a fluorinated ethylene-
propylene (FEP) tube of 0.0155-in.
(≈0.39-mm) inside diameter and 0.062-
in. (≈1.57-mm) outside diameter. The
FEP tube is press-fit through the steel
plate so that its exposed end is flush
with the surface of the plate, and the
silica tube protrudes 0.03 in. (≈0.76
mm) from the plate/FEP-tube-end sur-
face. The cartridge includes a glass
cover plate that contains 0.06-mm-wide
access ports. When the cartridge is fas-

tened to the steel plate, the silica tubes
become inserted through the access
ports and into the body of the car-
tridge, while the ends of the FEP tubes
become butted against the glass cover
plate. An extremely tight seal is thereby
made.

This work was done by Kevin Francis of
Johnson Space Center. For further informa-
tion, contact the Johnson Innovative Part-
nerships Office at (281) 483-3809.
MSC-23335

A mounting mechanism was designed
and built to satisfy requirements specific
to a developmental head-up display
(HUD) to be used by pilots in a Boeing
757 airplane. This development was ne-
cessitated by the fact that although such
mounting mechanisms were commer-
cially available for other airplanes, there
were none for the 757. The mounting
mechanism supports a miniature elec-
tronic camera that provides a forward
view. The mechanism was designed to be
integrated with the other HUD instru-

mentation and to position the 
camera so that what is presented to the
pilot is the image acquired by the cam-
era, overlaid with alphanumeric and/or
graphical symbols, from a close approxi-
mation of the pilot’s natural forward
perspective. The mounting mechanism
includes an L-shaped mounting arm
that can be adjusted easily to the pilot’s
perspective, without prior experience.
The mounting mechanism is lightweight
and flexible and presents little hazard to
the pilot.

This work was done by Wayne Geouge,
Monica Barnes, Larry Johnson, and Kevin
Shelton of Langley Research Center. Further
information is contained in a TSP (see
page 1).

This invention is owned by NASA, and a
patent application has been filed. Inquiries
concerning nonexclusive or exclusive license
for its commercial development should be ad-
dressed to the Patent Counsel, Langley Re-
search Center, at (757) 864-3521. Refer to
LAR-16380-1.
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