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ABSTRACT

Honeywell, under contract from NASA Johnson Space Center and Lockheed Engineering
and Sciences Company, has developed a new tool for instrumentation data collection.
The Stand-Alone Pressure Measurement Device (SAPMD) is part of a family of
microminiature data recorders combined with sensors that can be be used as flight
development instrumentation on aerospace vehicles and structures.

NASA came to Honeywell with a need to collect absolute pressure data during ascent of
the Shuttle on various points over the orbiter’s surface. Instrumentation for this data does
not exist on current orbiters, and NASA must use computer modeling to determine
structural loading calculations. The conventional approach of placing sensors and cabling
inside the Shuttle’s frame combined with drilling holes for the pressure sensors was
considered too costly and could weaken the orbiter’s structure.

The SAPMD measures pressure at various locations on the space shuttle orbiter skin
during ascent. In order to avoid the extensive impacts associated with wiring new
measurements into the orbiter data system, the device is self contained, incorporating its
own sensor, power supply, self-starting sensor, nonvolatile memory for sensor data, and
a real-time clock for time reference. The device is small enough (6.28 in x 1.5 in. x 0.5 in.)
to be mounted under the thermal protection system tiles and rugged enough to withstand
the environments encountered at the interface between tiles throughout an orbiter mission.
Data recorded during ascent is recovered after the mission without removing the device.
Other sensors such as strain gauges for structural monitoring, vibration gauges for wing
flutter, or differential pressure gauges can be used with this hardware.



INTRODUCTION

The SAPMD is designed to be bonded to the orbiter skin for measurement of absolute air
pressure during ascent. A removable and replaceable tube extends to the top of the
thermal protection system tiles in the 0.25 in. gap between tiles, as illustrated in Figure 1,
and connects to a pressure port on the SAPMD housing. A photo of the SAPMD is
shown in Figure 2. After the shuttle lands, the data is retrieved from the memory chip
through a specially designed connector inserted in the gap between the tiles. A portable,
battery-powered computer is used to acquire data from the device in its installed location
whenever the maintenance or payload integration schedule permits. The SAPMD
communicates with a portable computer via the RS-232 interface box shown in Figure 3.
In the portable computer, the pressure data can be corrected for temperature, logged,
stored on diskette, and printed out on a hard-copy printer.

The SAPMD uses the main engine vibrations as a discriminant to initiate the pressure
measurements during ascent. To conserve the battery power, most device components
remain in the inactive mode prior to liftoff with the exception of the real-time clock and
vibration trigger circuit. The components are energized only during actual measurement
and recording periods.

When the acceleration switch experiences vibration from main engine ignition, it triggers a
latch that in turn activates the pressure transducer and all electronics. The real-time at
turn-on is recorded. The microcomputer samples the pressure and temperature 10 times
per second. If a pressure gradient corresponding to an actual liftoff (decreased pressure)
is observed in the first n seconds (n is user programmable), the pressure and temperature
sensor data is saved in a nonvolatile memory chip and can’t be erased till a technician
reads it out. Data logging will continue for 140 sec, after which the microcomputer turns
off the device. On the other hand, if no pressure gradient is detected after the device is
powered up, a false start is assumed and the microcomputer returns the device to standby
mode. This feature limits battery drain and prohibits nonvalid data in the memory from
accidental starts during the transportation and installation of the device.

Electronic Design

Figure 4 shows a block diagram of the SAPMD electronics. The design incorporates a
flexible digital electronics core which includes an 8-bit microcomputer, 64 Kbit of
EPROM for program memory, 64 Kbit of EEPROM for data storage, and a real-time
clock. All digital electronics ICs are CMOS technology to minimize power dissipation,
thereby increasing device lifetime. The use of CMOS EEPROM was considered superior
to CMOS RAM with battery backup for reliability if system power is momentarily
disrupted or removed. The real-time clock uses a GT cut-quartz oscillator as a time base



to achieve greater than ±2 ppm accuracy over the operating temperature range. Real-time
accuracy is required to correlate data from multiple SAPMDs distributed about the orbiter
skin.

A thick-film hybrid circuit contains electronics for power regulation, sensor signal
conditioning, and analog-to-digital (A/D) conversion. Separate 5V power regulation is
provided to the digital and analog electronics for switching noise isolation. Two amplifiers
condition the pressure and pressure sensor temperature signals. An acoustic filter
removes the noise in the pressure signal caused by the main engine by providing a 5 Hz
cutoff frequency and 12 dB per octave roll off. The A/D converter provides 10-bit
resolution, a sample and hold and a conversion time of 22 µsec. The A/D uses an analog
reference to provide a ratiometric measurement, thereby minimizing the effects of power
supply variation errors in the conversion process.

Two lithium thionyl chloride batteries provide power for the SAPMD electronics. Each
battery provides a nominal 3.5V at room temperature. The batteries are arranged in series
to source a total of 7V. The total current capability of this system is 750 mAh. An
additional battery of the same chemistry provides backup power to the real-time clock.

Mechanical Design

The SAPMD is housed in a 6.25 in. x 1.5 in. x 0.5 in. aluminum case that shields the
electronics from EMI. Figure 5 shows a photo of a SAPMD with the lid removed. From
left to right in the photo are the acceleration switches, pressure/temperature sensors,
multilayer ceramic circuit board for the digital electronics, the power/analog electronics
hybrid, and the battery pack. The ceramic circuit board is supported by a fiberglass
frame, which helps to isolate the board from shocks. A mechanical door protects a
readout connector. A specially designed connector for readout can be inserted in the gap
between the tiles by a technician to mate with the connector on the SAPMD.

Sensor Design

The pressure sensor used is Honeywell’s Dual-Air Data Sensor (DADS), a high-
performance silicon sensor originally developed for air data computers on commercial
aircraft.

The DADS silicon chip is 0.175 in. x 0.175 in. with a nominal thickness of 0.010 in. Two
sensor functions are integrated into the design of the sensor chip:

C A full (four-element) pressure sensor bridge
C A temperature sensor resistor



The four piezoresistive pressure sensor elements are processed by an ion implantation
into the center, circular diaphragm area of the chip. When operated in a full-bridge
arrangement, a high-sensitivity output signal proportional to applied pressure results, due
to the large piezoresistive effect. The temperature sensor is integrated on the sensor chip
with the pressure bridge. The temperature being integral with the pressure sensor provides
simultaneous tracking of pressure readings with temperature, thereby improving the
sensor’s accuracy.

Software modeling is used post-mission to temperature compensate and linearize the
sensor’s output over the temperature and pressure ranges. The software modeling
technique employed with the SAPMD involves three separate steps. The first, acquiring
the characterization data for each SAPMD, involves recording pressure measurements in
the 0 to 15 psia range at various temperatures in the operating temperature range. This
data is then used to establish a mathematical compensation model that is unique to each
SAPMD. The second step is to fit a transfer function to this data to produce a unique set
of calibration coefficients. These coefficients are selected to give the least squared error at
the characterization pressures and temperatures. The third step is to use the coefficients to
perform post-mission compensation of the raw pressure data. The general form of the
SAPMD sensor transfer function would be:

Pcomp = C0 + C1T + C2P + C3PT + C4P  + C5T  + C6P T  + ...,2  2  2 2

where Pcomp is the compensated pressure,
C0- C6 are transfer function coefficients unique to each SAPMD,
P is the raw pressure sensor output,
and T is the temperature at pressure sensor site

DEVICE SPECIFICATIONS

The specifications of the SAPMD are shown in Table I.

Table I - SAPMD Specifications

Size 6.28 in. x 1.5 in. x 0.5 in.

Operating temperature -40F to 185F
Storage temperature -67F to 260F
Pressure accuracy + or -0.2 PSIA (-40F to 185F)
Temperature accuracy +or - 1F (-40F to 185F)
Pressure range 0 to 15 PSIA



SECOND GENERATION SAPMD

Honeywell presently is developing a new device that has the same electronic functions as
the SAPMD described above (except batteries and sensor(s)) in a 2.0 in. x 1.0 in. x 0.2 in.
74-pin, butterfly lead, hybrid flat pack package. A photo of this new hybrid is shown in
Figure 6. An advantage of the new device is the reduction in height from 0.5 in. to 0.25 in.
(including a mounting board). Using an equally thin battery and thin sensors, it will be
possible to mount this device on the outside of an aerodynamic surface such as a wing or
fuselage. In many applications such as wing flutter or structural monitoring, this could
provide a reduction in the time and money required for the test. Figure 7 shows a diagram
of this concept of stand-alone measurement devices held by adhesives to an aerodynamic
surface.

CONCLUSIONS

This paper described a new autonomous sensor designed to collect absolute air pressure
data on the surfaces of the shuttle orbiter during ascent. SAPMD allows this without
extensive wiring and cutting of metal structural components. The SAPMD is designed to
be mounted on the external skin of the orbiter under the thermal protection tiles. The
device is self starting and records the collected data in a nonvolatile memory chip for later
readout. A new generation of this family of devices is under development that has a lower
profile than the SAPMD. This technology can provide a new approach to flight
development instrumentation.



Figure 1 - Stand-Alone Pressure Measurement Device (SAPMD) under
Thermal Protection System Tiles

Figure 2 - SAPMD



Figure 3 - SAPMD RS232 Interface Box

Figure 4 - SAPMD Block Diagram



Figure 5 - SAPMD Internal Components

Figure 6 - Hybrid SAPMD



Figure 7 - SAPMD for Structural Monitoring


