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FLEXIBLE SENSOR INTERFACE FOR A
RAILCAR TRUCK

FIELD OF THE INVENTION

This invention relates to engineering elements for moni-
toring and maintaining effective functioning of machines or
installations. More specifically, it relates to elastomeric sub-
strates positioned between relatively rigid objects to attenuate
shock or vibration, prevent abrasion or control movement, the
substrates containing embedded sensors to measure static or
dynamic loads, load position, shear forces, temperature or
other parameters of interest, as well as data processing and
storage devices to interpret signals from the sensors and com-
munication devices to transmit the data from the sensors to an
end user for evaluation.

BACKGROUND OF THE INVENTION

While there are many applications of sensors attached to
rigid objects to measure stresses therein, and sensors that can
measure the relative movement between such objects and
sensors that are built in to various materials of construction
(often called “smart materials™), these sensors are not embed-
ded inside elastomeric or compliant substrates which also
serve a mechanical interfacing role to allow the objects to
move slightly relative to each other.

Some sensors are built into flexible objects like gloves in
order to provide haptic feedback in robotic and other human
interface applications. These configurations do not provide
the desired sustained interface between two rigid objects.

The benefits of this invention are the provision of compli-
ance, sensing data processing and communications functions
within one item which can be installed in the place of a
similarly shaped substrate devoid of any sensor.

OBIJECTS OF THE INVENTION

The object of this invention is to provide a deformable,
load-bearing substrate which provides a compliant interface
between relatively rigid objects and which contains embed-
ded and enclosed within itself one or more sensors that can
detect and communicate the conditions in the substrate, such
as temperature and/or various stresses and the distributions
thereof, thus, providing a means for monitoring, either con-
tinuously or periodically, the interactions between the solid
objects and the conditions prevailing at or near their interface.

SUMMARY OF THE INVENTION

The invention concerns an interface positionable between
two objects. The interface comprises a flexible substrate hav-
ing a first surface that interfaces with one of the objects and a
second surface that interfaces with another of the objects. At
least one sensor is embedded within the flexible substrate.
The sensor is adapted to measure a parameter such as voltage
differential, luminous intensity, sound intensity, heat flux,
electrical current, moisture diffusion, chemical species diffu-
sion, magnetic flux, neutron flux, ionizing radiation, tempera-
ture, displacement, velocity, acceleration, stress, strain, pres-
sure, and force and combinations thereof. The sensor
generates an electrical signal indicative of the parameter. The
interface also includes a data processing unit in communica-
tion with the sensor for receiving and processing the signals
generated by the sensor. A communication device adapted to
transmit data from the data processing unit is also part of the
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interface, as well as a power source which provides electrical
power to the sensor, the data processing unit and the commu-
nication device.

The data processing unit may comprise a component such
as a microprocessor, an application specific integrated circuit,
a field programmable gate array, as well as a digital signal
processing device and combinations thereof.

In one embodiment, the communication device comprises
a radio transmitter and receiver, which devices may be
embedded within the substrate.

The power source may comprise a component such as an
electric battery, a fuel cell, as well as a radio isotope electric
generator. Again, any of these devices may be embedded
within the substrate.

In a particular embodiment, an appendage may extend
from the substrate and be positioned externally to the space
between the objects. Various components, such as the data
processing unit, the power source and the communication
device may be embedded within the appendage.

The invention also encompasses a method of measuring
and evaluating a physical parameter at an interface between
two objects. The method comprises:

(a) providing a flexible substrate positioned between the
objects, the substrate comprising at least one sensor embed-
ded therein;

(b) measuring the parameter using the sensor, the sensor
generating electrical signals indicative of the parameter;

(c) providing a data processing unit in communication with
the sensor;

(d) providing a communication device adapted to transmit
data from the data processing unit;

(e) providing a power source for powering the sensor, the
data processing unit and the communication device;

(D) the data processing unit receiving the signals from the
sensor;

(g) the data processing unit performing operations on the
signals, the operations including averaging, filtering, compar-
ing, scaling, calibrating, spectral analysis, encryption and
analog to digital conversion and combinations thereof; and

(h) the communication device transmitting information
derived from the signals by the data processing unit.

The parameters that may be measured include, for
example, voltage differential, luminous intensity, sound
intensity, heat flux, electrical current, moisture diffusion,
chemical species diffusion, magnetic flux, neutron flux, ion-
izing radiation, temperature, displacement, velocity, accel-
eration, stress, strain, pressure, and force and combinations
thereof.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic diagram depicting an interface
according to the invention;

FIG. 2 is a partial sectional view of the interface shown in
FIG. 1,

FIG. 3 is a partial sectional view of an embodiment of an
interface according to the invention;

FIG. 4 is an exploded view of a portion of a railcar side
frame with an interface between the side frame and a bearing
adapter; and

FIG. 5 is a detailed view of a portion of the interface shown
in FIG. 4.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

FIGS. 1 and 2 show a sensor interface 10 according to the
invention. Interface 10 comprises a flexible substrate 12 hav-
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ing a first surface 14 and a second surface 16, each surface
being engageable with a respective object 18 and 20. The
objects are shown in FIG. 2 as thick plates by way of example
only. It is anticipated that the objects will comprise compo-
nents between which sustained, varying loads or forces will
occur or for which other types of measurable physical param-
eters will be of interest, such as voltage differential, luminous
intensity, sound intensity, heat flux, electrical current, mois-
ture diffusion, chemical species diffusion, magnetic flux,
neutron flux, ionizing radiation, temperature, displacement,
velocity, acceleration, stress, strain, pressure, and force and
combinations thereof. Examples of such objects include
heavy machine tools and their bases, engines and their mount-
ings, buildings and their foundations, as well as wheel bear-
ings and their support structures.

A plurality of sensors 22, 24 and 26 are embedded within
the substrate, the sensors comprising transducers which con-
vert a physical parameter, such as voltage differential, lumi-
nous intensity, sound intensity, heat flux, electrical current,
moisture diffusion, chemical species diffusion, magnetic
flux, neutron flux, ionizing radiation, force, temperature, dis-
placement, velocity, acceleration, stress, strain or pressure
into electrical signals indicative of the parameter. To this end,
the sensors types include load cells, thermistors, linear vari-
able displacement transducers, accelerometers, strain gages,
piezoelectric devices, magnetometers, bolometers, Geiger
counters sonometers and the like.

Electrical signals from the sensors are sent to a data pro-
cessing unit 28 over communication links 30, which could be,
for example, electrical conductors, optical fibers or wireless
communication links. The data processing unit may be, for
example, a microprocessor, an application specific integrated
circuit, a field programmable gate array as well as a digital
signal processing device which receives and interprets the
signals from the sensors according to software operating
within the device. Analog signal conditioning devices as well
as other analog electrical circuits may also be a part of the data
processing unit. The data processing unit may also be linked
to a data storage device 32, such as a disk drive or a solid state
random access memory unit when large amounts of data must
be stored and processed.

The data processing unit communicates with a communi-
cation device 34. Communication device 34 may be, for
example, a radio transmitter and receiver under the control of
the data processing unit that sends and receives information to
other devices outside of the substrate 12. Alternatively, com-
munication may also be effected by a physical link 36, such as
an electrical conductor or optical fiber that extends out from
the substrate 12. In this embodiment, the device 34 may be an
electrical signal amplifier or an optical signal generator
respectively, which feeds appropriate signals from the data
processing unit to the physical link 36.

The various devices and sensors receive electrical power
from a power source 38, which may comprise an electric
battery, a fuel cell or a radio isotope electric generator to cite
a few examples. The power source may be solar powered or
may be a generator which derives energy from relative motion
between the objects 18 and 20. The power source may also be
a device, such as a vibrating magnetic induction device,
which derives energy from the motion of the interface sensor
itself. Alternatively, power may be obtained from an external
source over a physical link 39, such as an electrical conductor
or means for delivering fuel. In this embodiment, component
38 may be for example, a transformer or a power conditioning
unit used to provide appropriate voltages and currents to the
various components.
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As shown in FIG. 3, sensor interface 10 is versatile and
adaptable and can be arranged, molded and constructed as
required for a particular application.

In this embodiment, a corner interface is illustrated capable of
measuring forces or fluxes, in different directions by the
appropriate placement and orientation of the sensors. Of par-
ticular interest are the dimples 40 which are positioned within
the surface or surfaces 14 and 16 of the substrate 12 in over-
lying relation with one or more of the electrical components
42 embedded within the substrate. Use of such dimples is
intended to relieve stress on the electronic components
caused by forces between the objects 18 and 20, in the sur-
faces of which similar dimples for stress relief may alterna-
tively or additionally be provided.

FIG. 4illustrates a specific example of a sensor interface 10
positioned between a bearing adapter 44 and the side frame 48
of a railcar truck or bogie within a retainer pocket 46 formed
by the side frame 48 as shown. The retainer pocket 46 is also
referred to in the industry as a pedestal pocket 46 formed in a
pedestal portion of the side frame 48. In this embodiment, the
adaptability of the invention is again evidenced. The sensor
interface comprises a load bearing pad 50 formed of a flex-
ible, resilient polymer which damps vibration and vertical,
horizontal and longitudinal loads between the bearing adapter
44 and the side frame 48. Such pads are typically of the type
described in U.S. Published application No. 2005/0268813.
Sensors and electronic devices are embedded within fore and
aft interface portions 52 and 54 which are shaped to accom-
modate the bearing adapter and side frame pocket.

The pad portion 52 is shown in detail in FIG. 5 and com-
prises a flexible, resilient substrate 12 in which the sensors
and electronic components are embedded. In this example, a
load sensor 56 is positioned in a facing vertically oriented
portion 58 of the substrate, allowing it to measure forces
between the wheel and side frame as would be caused by
braking or during truck instability, such as hunting. Another
load sensor 60 is positioned within a substrate wing portion
62 oriented in a plane perpendicular to the portion 58 for
measuring lateral loads between the wheel and side frame. A
thermistor 64 is embedded within a horizontal portion 66 of
the substrate for measuring bearing temperature. Another
load sensor 68 is positioned on the horizontal portion 66 for
measuring vertical loads between the bearing adapter and the
side frame. An energy scavenging device 70, for example, a
piezoelectric substrate, is also advantageously positioned on
this substrate portion to generate electrical energy from the
stresses induced by vertical motion of the bearing adapter
relative to the side frame to power the various components.

Communication links 30, which could be electrical con-
ductors or optical fibers, for example, connect the various
sensors and energy generating device to the data processing
unit 28. The data processing unit, along with the data storage
device 32 and communication device 34, are embedded
within an appendage 72. The appendage is a portion of the
substrate 12 that extends outwardly and is not positioned
between any relatively moving parts and, therefore, insulated
from loads or deflections, thereby protecting the electronic
devices embedded therein. In this embodiment, the commu-
nication device 34 comprises a radio transmitter and receiver,
as evidenced by the RF antenna 74 embedded within the
appendage.

The example application described above provides a sen-
sor interface which may be used to diagnose various operat-
ing defects on a freight car.

In one embodiment, the sensor interface is part of a ure-
thane substrate which is employed to improve the curving
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performance of the freight car. The substrate is made from
thermoset polyurethane, specifically Adiprene 1.167 from
Chemtura Corporation of Middleberry, Conn. The selection
of substrate material is optimized for the application for
which it is intended (e.g., a durable steering pad).

To diagnose various operating defects on the freight car, the
sensor interface resolves and measures static and dynamic
forces applied directed to it vertically, longitudinally, later-
ally and from a yawing motion. It also is able to measure
temperature of the bearing adapter to assess the temperature
of the bearing. Additionally, vertical shocks may also be
measured.

Because of the high stresses generated in the interface 12
between the surfaces 14 and 16 in the regions where the
sensors are located, the wires 30 may be supported and pro-
tected to resist damage. The support is made from a rigid, 50
Shore D polyurethane, which provides a relatively high ten-
sile strength compared with the substrate material. Use of
polyurethane for the support provides a good bond with the
polyurethane used in the substrate, although other material
types can be utilized.

The support may be located on the bearing adapter side of
the substrate where deformation is minimized due to inter-
locking of the substrate and the bearing adapter, and it makes
a good fit with the bearing adapter to minimize flexure of the
support. Recessed channels may be included in the support
for wiring, connectors and sensors. The channels provide
some relief from high shear forces acting perpendicular to the
direction of the wire. The channels for wires can be designed
to meander if shear in multiple directions is anticipated. Fur-
ther relief from high shear forces acting on the wires, connec-
tors and sensors is provided by potting them in the channels
using room temperature cure polyurethane or with substrate
material itself.

Because there is little or no deformation of the wiring on
the support, copper wires can be used. These are bonded into
the channels using the potting compound, or substrate mate-
rial itself. An alternative is to use laser direct structuring, a
process developed by LPKF of Garbsen, Germany, which
uses a modified support material and a laser to write wiring
paths in the channels, with the conductive wiring being
formed by subsequent chemical operations. A silver epoxy
from Al Technology of Princeton Junction, N.J., can make an
electrically conductive connection between the parts, and
rivets can make a mechanical connection through and around
the two parts.

Atleast three different types of sensors are used to measure
three different properties. Pressure is measured by a thick film
piezoresistive pressure sensor from Tekscan of Boston, Mass.
Vibration is measured from a piezoelectric film sensor from
MSI of Hampton, Va. Temperature is measured by a NTC
thermistor from Epcos of Munich, Germany.

The energy storage needed to run the system comes from a
long life battery made by Tadiran of Port Washington, N.Y.
Alternatively, a piezoelectric film from MSI of Hampton, Va.,
is used to generate electric energy from vibrations in the
environment to charge a capacitor. Alternatively, energy can
come from the train’s power system, taking power from ECP
brakes or by use of magnetic elements mounted on a wheel
and an adjacent part of the truck, thereby making use of the
relative motion between the wheels and the side frame.
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The electronics for this system may be a Crosshow OEM
chip, operational amplifiers, voltage divider circuits, energy
storage capacitor and an antenna.

Features and Further Illustrative Examples

It is a feature of this invention to provide protection for the
sensors, as well as the other aforementioned components by
having them embedded inside the flexible material forming
the substrate or unstressed extensions thereof, which can
provide sealing against moisture, vapor and chemical attack
as well as protection against extremes of heat and cold, impact
and shock.

It is a feature of this invention that the combination of
embedded sensors, data processing units, communication
devices and internal source of energy allows for the invention
to function autonomously and, furthermore, to communicate
sensor readings to the outside without making electrical con-
nections by using electromagnetic, acoustic or optical means.
For this latter effect, the substrate may be made entirely of or
include a translucent or transparent polymeric material.

It is a feature of this invention that the sensors do not
significantly affect the functionality of the substrate in its role
as a compliant interface member, either by moditying its
mechanical properties or by reducing its durability.

It is a feature of this invention that the substrate can be
designed with position dependent and non-isotropic proper-
ties such as having a different stiffness along different axes or
a different range of motion depending upon the direction of
the motion.

It is a feature of this invention that the substrate be tolerant
of'abrasion and that the sensors be protected from the abrasive
action at the interfacing surfaces of the substrate.

The substrate material may be a natural elastomeric mate-
rial, such as rubber, or a synthetic polymer, for example, a
thermoplastic or thermoset material. It is a feature of this
invention that the materials of construction for the substrate
and the component devices embedded therein are designed
for compatibility to provide good mechanical bonding
between the constituent parts so that the mechanical functions
of the substrate are not degraded or otherwise compromised
either as manufactured or during use because of separation or
delamination of the components from the substrate.

The form of the substrate is not restricted to being a flat
sheet, but can be any suitable shape as required to fill the
space between the interfacing rigid objects. The shape may
also be tailored to provide means for aligning the objects as
well as to include appendages extending from the substrate
which are not load bearing as required to house components
other than the sensors. As indicated above, these characteris-
tics preserve the hermetic seal that protects the various com-
ponents from harsh environmental effects.

Since the load bearing substrate may deform when com-
pressed or sheared in one or more directions, the communi-
cation links, e.g., the wiring and connectors linking the vari-
ous components to one another must be able to accommodate
the deformations. Two basic strategies can be used on wiring
to meet this requirement: (i) create deformable wiring, or (ii)
provide a support for the wiring that resists deformation.
Connectors on the other hand need to provide a mechanical
bond between the wiring and the components and tend to need
some kind of support.

It is desirable that deformable wiring be able to accommo-
date large strains and high shear rates while demonstrating a
long fatigue life. It is also advantageous to provide high
conductivity to support good electrical connectivity. The
wires preferably have a relatively low profile to enable large
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numbers of wires to coexist within the substrate. A flat steel
spring has been found to be ideal in such applications, as have
flexible circuit boards where a ripple has been induced in the
flexible substrate, and even flexible conductive polymers,
although the latter may exhibit a significant change in con-
ductivity when deformed.

When wires are supported to resist deformation, the sup-
port should have a relatively high tensile strength compared
with the substrate material around it. It should be thin, have a
high shear resistance and, depending on the application,
should bond well with the substrate material. The support
should also demonstrate some flexibility and resistance to
fatigue and large compressive forces. A wide range of mate-
rials can be used to support wires or other communication
links, such as hard polyurethanes, glass filled nylon, carbon
fiber or Kevlar® laminates or even steel. If the support used is
conductive, then the wires must be insulated from it.

Any wire can be used with a deformation resistant support.
Additionally, other wiring techniques can also be utilized
when no significant deformation will occur. This includes
using flexible circuits or laser direct structuring (LDS). The
latter process involves creating a support with standard injec-
tion molding, using a laser-activable plastic grade that con-
tains a metal-organic complex. The material is activated with
alaser, which creates a seed layer for a subsequent electroless
plating process, which grows 5 microns to 8 microns of cop-
per on the laser-activated areas.

Deformable wiring provides an alternative to wiring that is
supported where the deformation is relatively large.

The connector used to attach wires to sensors should pro-
vide both a highly conductive path and a mechanical bond
between materials which may be dissimilar (such as bonding
a metal wire to a flexible polymer substrate used for a thick
film sensor). The connector should also withstand processing
temperatures used to manufacture the substrate, as well as
operating temperature regimes the substrate may be exposed
to. The connector should also demonstrate some flexibility
and good fatigue resistance. Silver filled conductive epoxy
provides an excellent choice in this demanding environment.

Whereas conventional strain gauges rely on the elasticity
of a supporting material, it is advantageous to employ stress
measuring sensors in the invention that are not dependent on
the elasticity of the substrate material for their function. This
is due to the rheological properties of preferred substrate
materials, which are generally highly non-linear and often
allow for relatively large deformations.

Other sensors, such as temperature sensors, accelerom-
eters, piezoelectric shock or vibration sensors, or incident
radiation sensors, are chosen to have minimal or negligible
effect on the behavior of the substrate as a compliant inter-
face.

If flexible sensors, such as a thick film sensor mounted to a
flexible circuit are used, a support may be required. The
support should have similar properties to that described to
support wiring and connectors. In addition, the support may
be used to isolate sensing to one specific direction to enable,
for instance, a sensor to measure a vertical load and not be
affected by a lateral shear force.

Supports may also be used to provide additional strength
for the sensor enabling it to survive in an environment that is
otherwise beyond its mechanical design boundaries.

The various components such as the data processing and
storage devices, the communication devices and the energy
source preferably comprise electronic circuitry. These
devices need not be planar, but can be configured to match the
geometry of the substrate in conformity with the shape of the
rigid objects which it separates.
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The data processing unit preferably comprises electronic
components such as a microprocessor which provides analog
to digital conversion of sensor outputs, stores the data derived
from the sensors, and under the command of software or
embedded algorithms, manages communications and pro-
vides local analysis of stored data.

While the simplest version of the substrate according to the
invention may be configured for direct electrical connection
from outside the substrate to the embedded sensors to extract
either raw analog or digital data generated by the sensors,
benefits are to be obtained by operating on the signals derived
from the sensors before transmitting them to the outside.

Such operations may include, but are not restricted to aver-
aging, filtering to remove noise components, scaling, non-
linear calibration and interpretation adjustments, spectral
analysis, combination of readings from a multiplicity of sen-
sors, which are not necessarily of the same type, drawing
inferences about such readings, by means such as neural
networks, to create assessments of prevailing conditions,
reducing the information to be transmitted to remove redun-
dancy in the data stream or encrypting or encoding the infor-
mation for secure transmission or preparing alarm signals.

It is a further function of the electronic components in the
substrate that the timing of data acquisition be controlled to be
appropriate for the application. For example, some applica-
tions need bursts of intense data gathering activity while
others need regular measurements at extended intervals. Pro-
vision of such a facility also allows conservation of electrical
energy which may be limited. Microprocessors designed for
embedded control systems can revert to low power rest states
in which a clock still provides timing for a return to active
status after a determined interval.

A further feature of a substrate able to communicate bi-
directionally is that after installation, calibration tests can be
done, so that the internal components are provided with the
necessary conversion factors and adjustments to convert the
raw data from sensors to appropriate magnitudes for later use.

It is a further function of the electronic components in the
substrate that data acquired from the sensor or sensors can be
stored in a data storage device, such as flash memory, either
before processing to infer or detect prevailing conditions, or
after analysis to provide a historic record.

Functions of the data storage device may include storing
calibration data for the sensors, holding raw data from the
sensors prior to doing statistical analysis for trend or other
assessments, holding the correlation coefficients arising from
such statistical analysis, holding spectral data derived from
spectral analysis of previously retained sensor data and hold-
ing the results of other inferential analyses to create an inter-
rogatable historic record for later delivery on schedule or on
demand.

A further function of the data storage device is to store
access codes and address keys so that networks of devices
may be able to verify that communications traffic, interroga-
tions and responses are legitimate and secure.

Yet another function ofthe data storage device is to provide
for storage of extra software programs for use in the data
processing unit. Such a facility allows for devices to have a
wider repertoire of functionalities than can be built into the
data processing unit itself. With suitable programming of the
operating system for the data processing unit, this ability can
be extended to allow reprogramming of devices after instal-
lation. Such functions are available as part of the suite of
features in wireless sensor networks currently manufactured
by Crossbow, Inc., of San Jose, Calif. These devices are
provided with two-way communication capability via radio/
processor circuitry that is controlled via an operating system.
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The operating system runs software that allows the sensors to
interface with the radio/processor circuitry and from there to
outside processing systems such as personal computers, per-
sonal digital assistants or the internet, as well as with other
networks. The use of software provides great versatility and
allows for programmability of the embedded devices that can
beused to change functionality or make repairs to damaged or
defective code.

It is a further function of the electronic components in the
substrate that the timing of the transmissions of outgoing data
can be controlled. The data may be transmitted at preplanned
intervals or on receipt of a signal from outside. For example,
the device may be made to respond to a request for informa-
tion as if it were an RFID tag. The requesting signal does not
have to be of the same type as the transmitted response signal.
For example, pulses of light might form the request, being
detected through the translucent polymeric material forming
the substrate, while the response could be by electromagnetic
induction. Numerous other combinations can be envisioned
as appropriate to the application.

While it is convenient to consider the above functionality
of the electronic components as being provided by a micro-
processor, this may be neither necessary nor economic.
Depending on the application, as noted above, the required
functions may be provided by an application specific inte-
grated circuit, by a field programmable gate array, by a digital
signal processing device or various combinations thereof
including analog circuit components, as well as discrete logic
and digital components. The essential function is to be able to
retrieve the measurements from the sensors and to prepare
them for transmission.

The drawing of inferences about prevailing conditions may
be based on comparison of readings from various sensors. For
example, a substrate bearing a vertical load may detect that
the load was rocking because readings of pressure near oppo-
site edges of the substrate were varying out of phase with each
other. Cyclic behavior might be a local mechanical problem;
acyclic behavior might be due to earthquake or other distur-
bance.

Given that a substrate can transmit and receive signals, then
substrates can be configured to interoperate so that readings
from more than one substrate can be combined. For example,
ad hoc networks conforming to standards for information
technology such as IEEE802.15.4 (Telecommunication and
Information Exchange Between Systems hereby incorpo-
rated by reference herein) provide the basis for such interac-
tions. Such a combination of information can be processed
with a microprocessor and radio combination such as the
“Mica” units made by Crossbow, Inc., of San Jose, Calif.

The communication devices embedded within the sub-
strate may communicate locally processed sensor readings to
the outside without making electrical connections by using
electromagnetic, acoustic or optical means. A feature of this
system is that the communication device can operate within
the constraints imposed by its internally generated energy
source and storage. Schemes for low power radio frequency
communication, such as mesh networking, provide an
approach for communicating over much greater distances
than that provided by a single low power RF transmitter.

An alternative feature of this invention provides for wired
communication and power.

The invention provides for the internal generation of suf-
ficient electrical energy for its functioning over an indefinite
period by means such as scavenging the effects of small
relative motions or vibrations of the bounding objects, using
piezoelectric generation or electro-mechanical micro-gen-
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erators or similar components, to power the aforesaid sensors,
electronic circuitry and communication devices when such
power is needed.

An alternative is to use thermally generated electrical
energy or photo-electric generation, including the use of a
laser source of energy as and when needed.

An alternative feature of this invention allows the required
electrical energy to be delivered by electromagnetic induc-
tion, either continuously or only when needed to make a
measurement or extract data. For example, the small amount
of energy needed could be extracted from the alternating
magnetic field of an adjacent loop carrying mains current.

An alternative source for electrical energy is the use of
small radioactive components which generate a small but
persistent charge generation.

One embodiment of this invention allows the required elec-
trical energy to be provided by electrochemical means, such
as a fuel cell, for which fuel can be provided as needed.

Another source of energy is a chip scale battery.

It is also a feature of this invention that the electrical
energy, if generated slowly over an extended period, can be
stored by electrochemical means in a battery or by electronic
capacitors for use on the occasions when greater electrical
power is required than is produced on a continuous basis.

An alternative feature of this invention is the use of a high
energy density battery as a non-rechargeable power storage
device. An example is a lithium thionyl chloride battery.

What is claimed is:

1. A railcar truck sensor interface positioned between a
bearing adapter and a side frame of a railcar truck, said sensor
interface comprising:

a flexible and resilient substrate having a first surface inter-
facable with said bearing adapter and a second surface
interfacable with said side frame, the substrate allowing
for limited relative movement of said adapter and said
side frame; and

at least one sensor embedded within said flexible and resil-
ient substrate, said sensor being adapted to measure a
parameter and generate an electrical signal indicative of
said parameter.

2. A railcar truck sensor interface according to claim 1,
wherein said parameter is selected from the group consisting
of voltage differential, luminous intensity, sound intensity,
heat flux, electrical current, moisture diffusion, chemical spe-
cies diffusion, magnetic flux, neutron flux, ionizing radiation,
temperature, displacement, velocity, acceleration, stress,
strain, pressure and force, and combinations thereof.

3. A railcar truck sensor interface according to claim 1
wherein said substrate is formed as part of a load bearing pad
disposed between and interfacing with said bearing adapter
and said side frame so as to transmit a load therebetween.

4. A railcar truck sensor interface according to claim 1
wherein said substrate is an elastomeric load bearing sub-
strate.

5. A railcar truck sensor interface according to claim 1
wherein said sensor is configured to measure a parameter of
said substrate.

6. A railcar truck sensor interface according to claim 1,
further comprising:

a data processing unit in communication with said sensor

for receiving and processing said signals;
acommunication device adapted to transmit data from said
data processing unit; and

a power source providing electrical power to said sensor,
said data processing unit, and said communication
device.
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7. A railcar truck sensor interface according to claim 6,
wherein said data processing unit is embedded within said
substrate.

8. A railcar truck sensor interface according to claim 7,
wherein at least one of said first and second surfaces has a
dimple positioned therein overlying said data processing unit.

9. A railcar truck sensor interface according to claim 6,
wherein said communication device is embedded within said
substrate.

10. A railcar truck sensor interface according to claim 9,
wherein at least one of said first and second surfaces has a
dimple positioned therein overlying said communication
device.

11. A railcar truck sensor interface according to claim 6,
wherein said power source is embedded within said substrate.

12. A railcar truck sensor interface according to claim 11,
wherein at least one of said first and second surfaces has a
dimple positioned therein overlying said power source.

13. A railcar truck sensor interface according to claim 11,
wherein said power source comprises a generator which
derives energy from relative motion between said bearing
adapter and said side frame.

14. A railcar truck sensor interface according to claim 11,
wherein said power source comprises a vibrating magnetic
induction device which derives energy from motion of the
sensor interface.

15. A railcar truck sensor interface according to claim 6,
further comprising an appendage extending from said sub-
strate and positioned external to the space between said bear-
ing adapter and said side frame, said data processing unit and
said communication device being embedded within said
appendage.

16. A railcar truck sensor interface according to claim 15,
wherein said power source is embedded within said append-
age.

17. A railcar truck sensor interface according to claim 15,
further comprising a data storage device embedded within
said appendage.

18. A railcar truck sensor interface positioned between two
relatively rigid objects that are moveable relative to one
another and which transmit a load from one to the other,
wherein one of said rigid objects is a bearing adapter and the
other of said rigid objects is a side frame of the railcar truck,
said sensor interface comprising:

a flexible and resilient load bearing substrate having a first
surface that interfaces with one of said objects and a
second surface that interfaces with the other of said
objects, said substrate serving as a compliant interface
allowing for limited relative movement between said
objects and transmitting the load between said objects;

a plurality of sensors embedded within said flexible sub-
strate, said sensor being adapted to measure a plurality
of'parameters selected from the group consisting of tem-
perature, displacement, velocity, acceleration, stress,
strain, pressure, and force and combinations thereof,
said sensors generating electrical signals indicative of
said parameters;

a data processing unit embedded within said substrate and
in communication with said sensor for receiving and
processing said signals;

a communication device embedded within said substrate
and adapted to transmit data from said data processing
unit; and

apower source embedded within said substrate and providing
electrical power to said sensor, said data processing unit, and
said communication device.
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19. A sensor interface according to claim 18, wherein at
least one of said first and second surfaces has a first dimple
positioned therein and overlying said data processing unit, a
second dimple overlying said communication device, and a
third dimple overlying said power source.

20. A sensor interface according to claim 18, further com-
prising an appendage extending from said substrate and posi-
tioned external to a space between said objects, said data
processing unit, said communication device and said power
source being embedded within said appendage.

21. A sensor interface according to claim 18 wherein said
substrate is formed as part of a pad disposed between and
interfacing with said two objects.

22. A sensor interface according to claim 18 wherein said
substrate is formed of an elastomeric pad.

23. A method of measuring and evaluating a physical
parameter at an interface of a railcar truck between a bearing
adapter and a side frame of said truck, said method compris-
ing:

providing a flexible, compliant load bearing substrate posi-
tioned between said bearing adapter and said side frame,
said substrate comprising at least one sensor embedded
therein and transmitting a load between said bearing
adapter and said side frame; and

measuring said parameter using said sensor, said sensor
generating electrical signals indicative of said param-
eter.

24. A method according to claim 23, wherein said measur-
ing step further comprises measuring a parameter selected
from the group consisting of voltage differential, luminous
intensity, sound intensity, heat flux, electrical current, mois-
ture diffusion, chemical species diffusion, magnetic flux,
neutron flux, ionizing radiation, temperature, displacement,
velocity, acceleration, stress, strain, pressure and force and
combinations thereof.

25. A method in accordance with claim 23 further compris-
ing the steps of:

providing a data processing unit in communication with
said sensor;

providing a communication device adapted to transmit
data from said data processing unit;

providing a power source for powering said sensor, said
data processing unit and said communication device;

said data processing unit receiving said signals from said
sensor;

said data processing unit performing operations on said
signals, said operations selected from the group consist-
ing of averaging, filtering, comparing, scaling, calibrat-
ing, spectral analysis, encryption, analog to digital con-
version, and combinations thereof; and

using said communication device to transmit information
derived from said signals by said data processing unit.

26. A railcar truck having a sensor interface positioned
between a bearing adapter and a side frame of said truck
within a retainer pocket of said truck, said sensor interface
comprising:

a flexible and compliant load bearing pad having a first
surface that interfaces with said bearing adapter and a
second surface that interfaces with said side frame in
said retainer pocket, said pad being positioned to bear
and transmit a load between said side frame and said
adapter, said pad allowing for relative movement
between the adapter and said side frame;

at least one sensor embedded within said pad, said sensor
being adapted to measure at least one parameter selected
from the group consisting of temperature, displacement,
velocity, acceleration, stress, strain, pressure and force,
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and combinations thereof, said sensor generating an
electrical signal indicative of said parameter;

a data processing unit in communication with said sensor

for receiving and processing said signals;
acommunication device adapted to transmit data from said
data processing unit; and

a power source providing electrical power to said sensor,

said data processing unit, and said communication
device.

27. A railcar truck according to claim 26, wherein said
power source is embedded within said pad, and wherein said
power source comprises a generator which derives energy
from relative motion between said bearing adapter and said
side frame.

28. A railcar truck according to claim 26, further compris-
ing a data storage device.

29. A railcar truck according to claim 26 wherein said
power source is a thermally generated power source.

30. A railcar truck according to claim 26 wherein said pad
comprises an elastomeric pad.

31. A railcar truck according to claim 26, wherein said data
processing unit is embedded within said pad.

32. A railcar truck according to claim 31, wherein said data
processing unit comprises a component selected from the
group consisting of analog signal conditioning devices, ana-
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log electrical circuits, microprocessors, application specific
integrated circuits, field programmable gate arrays and digital
signal processing devices and combinations thereof.

33. A railcar truck according to claim 26, further compris-
ing an appendage extending from said pad and positioned
external to a space between said bearing adapter and said side
frame, said data processing unit and said communication
device being embedded within said appendage.

34. A railcar truck according to claim 33, wherein said
power source is embedded within said appendage.

35. A railcar truck, comprising:

a railcar truck side frame;

a bearing adapter;

a sensor interface disposed between said bearing adapter
and said side frame of said truck, said sensor interface
comprising a flexible and resilient substrate positioned
to allow for limited movement of said adapter and said
side frame relative to one another and to transmit a load
of said side frame through said substrate to said bearing
adapter; and

at least one sensor embedded within said substrate, said
sensor being adapted to measure a parameter and gen-
erate an electrical signal indicative of said parameter.
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