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ABSTRACT

Benefiting from the Automotive world, Micro-Machined Sensor Technology
moves into the Military arena with greater accuracy at a reduced price tag.

Advances in Micro-Machining have produced silicone cantilever beam Sensors
which meet or exceed some Military environmental specifications while
providing a higher overall accuracy, compared to traditional cantilever beam
designs. There are several companies such as Motorola, Analog Devices,
Sensym, Silicone Designs, and NovaSensor to name a few who have
established product lines in Accelerometers and Pressure Transducers. This
paper describes an experience utilizing micro-technology Accelerometers which
were designed to replace older technology sensors.
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INTRODUCTION

Choosing cost effective sensors for Military applications can be an exhausting
exercise. Traditional sensor technology hasn't changed much since the 1970's.
These instrumentation "work horses" with their labor intensive assembly and
test process materialized into a high cost item in the 1990's. Military hardware
suppliers, with their ever shrinking business have mandated low cost hardware.



Utilizing Micro-machined Sensor technology developed for the Automotive
Industry for Military applications provides a cost and reliability advantage over
the traditional sensor technology. 

HISTORY WITH TRADITIONAL SENSORS

Recent experience with a traditional technology sensor involved utilizing a
Triaxial piezo-resistive accelerometer. The 1970 type technology used
produced an operational device with poor performance characteristics,
moderate reliability and an ever increasing cost from the manufacturer. The cost
started at $3000 per unit in 1985 and grew to a high of $6600 per unit in 1992.
Figure 1 illustrates the increasing sensor cost of the old triaxial design versus
the lower cost of the new design over the course of the program. The sensor
was not the only cost driver, non conforming material, mostly in performance
characteristics, increased the processing costs. Figure 2 illustrates the number
of returns of the old and new triaxials versus total quantity on order. Figure 3
estimates the over all cost of each unit, including processing cost and the actual
cost of the units. As shown in the figures, using this traditional design caused
the sensor to blossom into a high cost item with mediocre performance. The
traditional sensor's rising cost forced a search for new technology, micro-
machined sensors, the low cost alternative.

LOW COST SENSOR TECHNOLOGY

With the traditional sensor's rising cost, the product line became over priced and
non-competitive. A search commenced of the industry sensor suppliers looking
for a suitable replacement for the older technology. Polling the standard
instrumentation suppliers produced the same product line of old. Where
significant product improvement occurred was in Automotive instrumentation as
the result of micro machining technology. Standard product accelerometers,
with increased accuracies were found at a fraction of the older technology
sensor costs. Several suppliers exist today with new sensor technology. The
following sensor suppliers were polled.

1) Analog Devices, Inc
2) Lucus NovaSensor
3) Motorola
4) Sensym 
5) Silicone Designs 

Several accelerometers were purchased and evaluated against the older
technology counterparts. Standard units out performed their older counterparts



 Lucas NovaSensor*

 Aydin Vector Division**

at a fraction of the cost. Although, all of the sensors investigated had several
desirable characteristics, NovaSensor  NAH series had the best performance*

for the intended application. The cost of the first older technology unit evaluated
in 1985 was $600. The evaluation unit cost of the new technology was $99 in
1993, one sixth of old sensor cost. Evaluation of the new technology produced
some advantages and some disadvantages when incorporated into Military
equipment.

THE TRIAXIAL ACCELEROMETER

The end item for the new sensors is a Triaxial Accelerometer. The Triaxial is
used to monitor accelerations in three axes in airborne applications. The
accelerometer was required to have high accuracy while operating through a
pyro shock from missile stage separation. Even though the old technology unit
had an established flight record, poorer performance characteristics and high
cost made it uncompetitive. The sensor from NovaSensor was selected due to
it's high accuracy at a lower cost.

Along with the three sensors, the Triaxial Accelerometer provided signal
conditioning, that is amplification and anti-aliasing filtering, and an isolated
power supply which operated from the prime 28 volt bus. The sensors are
mounted onto three printed wiring boards along with the other electronics and
packaged with the power supply in a 2.5" by 2.5" by 1.5" housing. Figure 4
illustrates the Triaxial Accelerometer, Aydin Vector  Model ATM-400.**

 THE SENSOR

The sensor model number NAH-5-050SR, manufactured by NovaSensor,
consists of a piezo resistive accelerometer packaged in a 10 lead, TO-5 can.
The sensor is a silicon chip with a micro machined cantilever beam and
matched chemical properties, producing a highly stable design. The device
incorporates air damping and mechanical stops for over-range protection.

There were several major advantages in utilizing these sensors over other
vendors.

1) Standard integrated circuit packaging of the TO-5 can made the
installation onto a PWB card the same as other integrated circuits,



capable of utilizing semi-automated insertion equipment and a wave
soldering processes. NovaSensor produces a surface mount
package for the accelerometer, but since it is not hermetically sealed
it was not considered for this military application. 

 
2) The device provides an stable, accurate response with a typical

linearity and repeatability errors of 0.1 % and a flat frequency
response to 1000 hertz. 

3) The final advantage is the cost with a low quantity price of $100 per
sensor. 

The sensor had some disadvantages when incorporating it for this application. 

1) The units were very sensitive to high frequency shock. The units
were broken when dropped from a small height to a soft landing.
Cautious handling during the assembly process is critical. 

2) Another disadvantage is only 2 and 50 G ranges are available from
the manufacturer. 

INCORPORATING THE SENSOR INTO THE DESIGN

The sensors from NovaSensor were incorporated into the Triaxial design with
one device being mounted on each of the three printed wiring boards with the
amplifier and filter components. The boards were mounted in each of the three
axes (X, Y, Z) with the power supply mounted opposite the Y axis. Figure 5
illustrates the mechanical design technique. The two major disadvantages of the
sensor shock sensitivity and the limited variety of G ranges were corrected by
design modifications and process changes.

Shock Mount Design

The most critical aspect of the new sensors is shock survivability. The
accelerometer sensors are designed to withstand the 2000 g, 1/2 sine, 1/2
millisecond shock. Where they fail is during high frequency, pyro shocks. To
mitigate this problem, pwb shock mounts were developed. 

The basic shock mount design, shown in Figure 6, consists of capturing the four
corners of the sensor PWB with silicone RTV based bushings. The bushings are
retained using a modified mounting screw and an "E" clip. The "E" clip has two
major functions. The clip provides a stop for the engagement of the modified



screw, maintaining a symmetrical balance for the four corners of the PWB for
cross axis alignment. The clip also establishes a pre-compression of the shock
mounts which linearizes the shock mount response while mitigating the effects
on the low frequency output of the sensor. Material thickness and PWB contact
area formulate the frequency response of the shock mount. Figure 7 illustrates
the attenuations achieved with two RTV mounts, 30D & 50D. The 30D material
was finally selected for with the highest attenuation performance. 

The silicone RTV was chosen over other elastomer materials for it's resistance
chemicals and it's ability to retain it's properties over a 25 year design life. Like
natural rubber, the silicone RTV has a higher Q response in the pass band than
other materials but also provides a fast roll off in the reject band. ZZ-R-765
silicone rubber is the base material for the shock mount bushing which provides
the chemical resistance, the long shelf life required by the program, and the high
tear resistance needed for assembly.

The mounting screw consists of a standard number 2-56 screw modified to
accept the RTV bushings and the E clip while maintaining the proper
dimensional control. The E clip can flex depending on the torque applied. This
flexing can be utilized for cross axis alignment if necessary. An over torque
condition will damage the clip and "hand tight" is the limit. The screws are
retained with a mechanical adhesive instead of relying on screw torque.

Printed wiring board displacement is a concern in utilizing the shock mount.
Clearance areas with in the Triaxial housing were machined to allow for
movement of the board under shock. The shock mount was design for a 4500 G
pyro shock, producing displacement of .032 inches. 

Vibration rectification is increased by incorporating the shock mounts. When the
environmental excitation of the shock mounted PWB approaches the resonant
frequency of the shock mount mechanism, the deflection becomes non-linear
and the effect saturates the signal conditioning amplifier producing a DC shift of
the output. This effect can be mitigated with a low pass filter added to the first
stage of the amplifier chain. If the higher frequencies are of little interest,
positioning the first pole of the 5 pole data filter across the gain stage of the
amplifier will attenuate the effects of the resonant amplification of the signal due
to the shock mounts. This has been proven to substantially reduce the
rectification effects.

There is some degradation of the cross axis alignment due to the shock mounts.
The sensor design from NovaSensor incorporates a 10 Degree wedge to
compensate to the center of mass of the micro-machine beam. A misalignment



of any of the four corners of the PWB produces an additional cross axis error.
Misalignments can be minimized by adjusting the four mounting screws not only
to mitigate the shock mount error but also to minimize cross axis error in the
sensor. Typically, cross axis errors are 1.5% of full scale or less with out any
adjustments. Five to ten degree adjustment to the mounting screws is typically
enough to compensate for alignment errors. 

THERMAL COMPENSATION

The technique for thermal compensation has been demonstrated successfully.
The technique involves a 20 cycles ESS from -40 to +71 Degree C followed by
adjusting the sensor thermal compensation with the amplifier section installed to
match both T/C's for an optimum response. This has greater success when the
sensor is mounted on the amplifier PWB and is adjusted to match the actual
amplifier performance. Refer to Figure 8 for the schematic of the thermal
compensation network. The screening also reduces any drift in the components
associated with the amplifier circuit. The amplifier section has a positive
temperature coefficient, the sensor's T/C is readjusted using the Rshunt
compensation components from it's factory setting to negatively compensate for
the amplifier drift. Figure 9 illustrates the effect of matching the thermal
coefficients.

CONCLUSION

The traditional sensor design from the seventies has been a good "work horse"
for Military Instrumentation for years. But with the reduction of Military spending,
the cost of instrumentation must decline to remain competitive. With the proper
design techniques, the new micro machined sensors developed for the
Automotive Industry can be utilized, substantially reducing the cost of flight
instrumentation.
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