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Technology Focus: Wireless
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Valve-“Health”-Monitoring System
This system is adaptable to diverse long-term sensor-data-monitoring applications.
Stennis Space Center, Mississippi

A system that includes sensors and data-
acquisition, wireless data-communication,
and data-processing subsystems has been
developed as a means of both real-time
and historical tracking of information in-
dicative of deterioration in the mechani-
cal integrity and performance of a high-
geared ball valve or a linearly actuated
valve that operates at a temperature be-
tween cryogenic and ambient.             

In the original application for which the
system is specifically designed, the valve is
of a type used in controlling the flow of a
propellant fluid (e.g., liquid hydrogen)

during testing of a rocket engine. The
data collected by use of this system are
used to build a knowledge base of opera-
tional characteristics of valves, for the pur-
pose of obtaining insight into operational
lifetime and enabling prediction of valve
operational lifetimes. This system can
stand alone or can be incorporated into a
network that is part of a higher-level
“health”-management system. This system
is also readily adaptable to commercial ap-
plications in which there are requirements
for long-term monitoring of events associ-
ated with quantities that may include, but

are not limited to, torsional strain, biaxial
strain, linear strain, cryogenic tempera-
tures, ambient temperatures, tripping of
limit switches, current signals ranging
from 4 to 20 mA, potential signals ranging
from 0 to 10 V, and/or magnetic fields. 

The data collected in the original appli-
cation include the number of cryogenic
valve cycles, the total number of all valve
cycles, inlet temperature, outlet tempera-
ture, valve-body temperature, torsional
strain, linear strain, valve preload posi-
tion, total rotational or linear valve travel,
and total number of directional changes.

The Sensor Units and a Base Station together constitute an instrumentation and data-acquisition system that can function alone or can be connected into
a network that is part of a higher-level "health"-management system.
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Events associated with the aforemen-
tioned data are recorded and are time-
stamped with sufficient precision to en-
able synchronization within a time
increment of 1 ms. The data are then or-
ganized into a text file and stored in a
compact flash memory card, from whence
the data can be uploaded.

The system (see figure) includes a
base station and several self-contained,
microprocessor-controlled sensor units
that (1) can be mounted remotely from
the base station and (2) transmit data to
the base station via low-power, short-
range [≤ 35 ft (up to about 10 m)] digi-
tal radio communication links in the fre-
quency band from 902 to 928 MHz. Each
sensor unit has overall dimensions of 3
by 2 1⁄2 by 2 in. (about 7.6 by 6.4 by 5.1
cm) — small enough to be mounted in
the confined spaces typically available for
mounting on valves of the type used in
the original rocket-engine-testing appli-
cation. Each sensor unit is potted in a
flame-retardant epoxy and designed to
draw a current of no more than 0.25 A at
a supply potential of 9 V, as required for
safe operation in an atmosphere that
may contain hydrogen. The base station
is not potted; instead, it is mounted in an
enclosure that is purged with nitrogen.

Each sensor unit contains two change-
able battery packs and a voltage regula-
tor that enables bumpless transfer of the
load from one battery pack to the other.
The temperatures of the battery packs
and the microprocessor are monitored
to safeguard against operation outside
temperature limits. Each sensor unit in-
cludes a display-and-control panel
through which a human technician can
effect setup and can receive a low-bat-
tery indication. An interface port for on-
board programming and serial commu-
nication is also provided. In the case of a
strain-sensor unit, to minimize time-av-
erage power demand and thereby pro-
long battery life, the microprocessor is
designed to spend most of the time in a
low-power sleep mode, from which it is
awakened when any valve movement is
detected by a highly sensitive piezoelec-
tric vibration-detection subunit.

The base station includes a receiver
module, for each sensor unit, compris-
ing a radio receiver and an associated mi-
croprocessor. The base station also in-
cludes another microprocessor that
serves as the base-station controller, a
compact flash module comprising the
aforementioned flash memory card and
its controller, a local-area-network (LAN)

communication module, a power supply
with battery backup, and an interface to
a source of time-stamp signals that con-
form to an Inter Range Instrumentation
Group (IRIG) standard. The base-station
controller correlates related data from
the sensor units and generates data-event
log entries, which are transferred to the
compact flash module. In addition, if the
system is connected into a network, these
log entries can be transferred to the LAN
communication module for broadcast-
ing over the network. The compact flash
module can be manually removed to ob-
tain access to the data stored therein. 

Each receiver module maintains com-
munications and time synchronization.
It relays, to the base-station controller,
information on events correlated with
sensory and diagnostic information
from its sensor unit. Each receiver mod-
ule includes an interface port for on-
board programming and serial commu-
nication with a mobile computer.

This work was done by Scott L. Jensen of
Stennis Space Center and George J. Drouant
of Jacobs Technology.

Inquiries concerning this technology should
be addressed to the Intellectual Property Man-
ager at Stennis Space Center (228) 688-
1929. SSC-00247-1

This compact, lightweight, dual-fre-
quency antenna feed developed for fu-
ture soil moisture and sea surface salin-
ity (SSS) missions can benefit future soil
and ocean studies by lowering mass, vol-
ume, and cost of the antenna system. It
also allows for airborne soil moisture
and salinity remote sensors operating on
small aircraft. While microstrip antenna
technology has been developed for
radio communications, it has yet to be
applied to combined radar and ra-
diometer for Earth remote sensing.

The antenna feed provides a key instru-
ment element enabling high-resolution ra-
diometric observations with large, deploy-
able antennas. The design is based on the
microstrip stacked-patch array (MSPA)
used to feed a large, lightweight, deploy-
able, rotating mesh antenna for space-
borne L-band (≈1 GHz) passive and active

sensing systems. The array consists of
stacked patches to provide dual-frequency
capability and suitable radiation patterns.
The stacked-patch microstrip element was

designed to cover the required L-band
center frequencies at 1.26 GHz (lower
patch) and 1.413 GHz (upper patch), with
dual-linear polarization capabilities. The

Microstrip Antenna for Remote Sensing of Soil Moisture and
Sea Surface Salinity
The microstrip array design enables combined radar and radiometer instrumentation for satel-
lite or airborne remote sensing. 
NASA’s Jet Propulsion Laboratory, Pasadena, California 
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The Microstrip Stacked-Patch Array incorporates three layers that function as the upper patch, lower
patch, and ground plane. The lower radar patches sit on a honeycomb structure above the ground
plane. The lower patch is fed through the ground plane, while the upper patch acts as a parasitic patch.


