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Applications Of Measurement Instrumentation For Advanced
Launch Vehicles of the 90’s Using MicroDACS Technology

Robert D. Martin
Systems Engineer

Instrumentation Dept. SCI Technology Inc.
Huntsville, AL 35802

ABSTRACT
Using MicroDACS* SMT ASIC technology, an instrumentation and control system is
designed to meet the low cost, fault tolerant, data handling requirements for advanced
launch vehicles of the 901’s. Advanced launch vehicles will require low cost autonomous,
and reliable measurement circuits. This paper describes many measurements and signal
conditioning applications for various types of analog transducers needed to insure missile
health and safety on boosters of the future.

INTRODUCTION
Large or small, launch vehicles have developed, historically, through a series of test flights
requiring costly and heavily instrumented avionics serving to obtain a degree of confidence
in the vehicles’ design reliability and capability. Future launch vehicles will require higher
reliability and more instrumentation at a lower cost. Measurement circuits continue to
become more sophisticated and demands for total compatibility with the overall system
becomes more critical. Reliability, power, weight, accuracy, and ultimately cost, are all
affected when the transducers are not matched properly to the data acquisition system.

GENERAL
The actual sensor within the transducer, though it is transforming one form of energy to
another, is also sensitive to other environs as well. It is likely to be temperature and
frequency sensitive, nonlinear, and may distort and degrade the information which is
needed. Modern electrical transducers, ideally, correct for most of the undesirable
environmental effects. Hopefully, physical inputs to electrical outputs would be linear, but
it is only true with active devices. Active transducers defined by the IEEE Standard
Dictionary require an electrical excitation voltage which is modulated by the physical
input. Examples are bridges, RTD’s, and some semiconductor temperature transducers.
Generally, their outputs are high levels (>1 Volt). Passive devices, such as thermocouples
and piezoelectric transducers, are linear over very short ranges. Their advantages are
simplicity and repeatability.



Transducers can also be smart. Integrated devices today may contain signal amplification,
filtering, impedance control, and have digitized outputs. In other words, they may be
directly compatible with a computer interface. Optical sensors are also becoming a reality.
The advantages of fiber optics in launch vehicles are many. The normal problems of EMI,
high temperature, and high bandwidth can be overcome with fiber optic sensors.

MEASUREMENT PROFILES
To answer the question: “what types of measurements can we expect on future launch
vehicles?”, a brief survey was performed from a compilation of many currently active
measurement lists. Lists of four launch vehicle programs were analyzed and the results are
shown in Figure 1. The data indicates that relatively few channels are allocated to such
things as flow, RPM, level, and acceleration. An average of 30 percent of measurements
utilize bridge circuits to measure pressure and strain. The great majority of measurements
based on this survey, require an interface to a data acquisition system similar to the circuits
shown in the following diagrams.

Analog Multiplexer
The figures which are presented illustrate typical aerospace sensors which are signal
conditioned and calibrated by MicroDACS Central and Remote Units. The measurement
circuits are currently in use or planned for use by launch vehicle contractors. Overall
accuracy requirements for each measurement may vary, but total error contribution by the
MicroDACS is less than ±0.2 percent. Differential amplifier input impedances for analog
signals are required to be higher than 5 megohms during sampling periods and include
many programmable gain steps. Gains range from 1 to 500 to easily accept thermocouple
level outputs. Ten to 20mV offset steps are needed for positive and negative voltage
measurements.

Filtering
Filtering at the signal conditioner is required to eliminate unwanted noise from the sensor
or for antialiasing caused from the multiplexer scanning rates. In the past, it was common
to install fixed low pass filters to solve both problems. Low pass filtering is still used today
to minimize the effects of noise and aliasing frequencies. This filtering will reduce the error
contribution due to these factors to less than 1 percent. Any other filtering requirements for
measurements following the A/D conversion will be frequency selectable by channel using
digital filtering. Certain predictable aspects of wideband data will be a great advantage in
data processing using digital filtering.

Voltage and Current
Output voltage characteristics vary widely with levels from 30MV to as high as 40 Volts.
Figure 2 is a generalized voltage measurement in a launch vehicle application. It may
require a 2 to 4 wire connection to the transducer. Active transducers may have their own



externally supplied excitation or may require internal excitation from within the central or
remote acquisition units. Ten to 24 Vdc is shown, but other precision voltages are used. It
is preferred that transducer excitation be provided by the MicroDACS to reduce the effects
of high common mode voltages.

Discrete event measurements may be handled in the same way, though precision voltages
are not needed. In the case of passive transducers, such as thermocouples, excitation may
still be required for reference junction compensation. R1, the transducer output impedance,
may be lower than 10 ohms for thermocouples or as high as 10k ohm with high level
discrete or analog voltages.

R2 in Figure 2 is a transresistance device programmable for a range of resistances. It offers
precision resistance and is selected for transducers which are current transmitters. These
currents may range to 40mA, but are typically 4 to 20 mA with linear outputs. Current
transmitters obviously have a distinct advantage in transmitting data over long lines and are
the result of newly developed sensors with built-in integrated circuitry.

Many transmitter type transducers which measure pressure, temperature, vibration, and
other parameters are available to be qualified for launch vehicle environments. Except for
filtering, the built-in linearization and lower output impedances of these devices will
require very little signal conditioning at the MicroDACS units. Even though slightly higher
excitation currents are needed, current transmitting has a special advantage in measuring
force and vibration using high output impedance sensors such as piezoelectric
accelerometers. Over 109 ohms input impedance using charge coupled amplifiers are
commonly required to read piezoelectric type devices. Today, the accelerometer may
contain the circuitry to reduce this impedance to as low as 100 ohms. The transducer can
then drive longer lines into conventional amplifiers.

Thermocouples
Two different thermocouple circuits with built-in reference junction compensation are
shown in Figure 3. The top diagram is a common thermocouple measurement circuit
wherein many thermocouples are used in the same proximity. The advantage is that the
reference junction temperature is measured only once in an isothermal block environment
for all thermocouples. A simple software routine then processes the true milivolt signal and
temperature value. The disadvantage is that all thermocouples must be the same alloyed
pairs. The bottom circuit shows an integrated transducer which is an option when only a
few unique thermocouples are needed. The additional circuitry shown in the remote
MicroDACS unit is an auxiliary circuit for calibration and simulation. Filtering is not
shown.



Bridge Circuits
Figures 4 shows more conventional style transducers which are used normally to measure
pressure and strain. Bridge measurements, typically used in strain gauges and pressure
transducers, may require 4-wire networks . Bridge completion circuits are often needed1

within the MicroDACS signal conditioning circuit (not shown). To reduce contractors cost,
the signal conditioner contains excitation voltage and all remaining bridge elements.
Excitation voltage is typically 10 Vdc. Stability regulation of this voltage is better than
±.05 percent. Full scale sensitivity will likely be 3 to 5 mV per volt of excitation.
Calibration is acquired periodically by resistor substitution. If the transducer contains
current transmitter circuitry (not shown), then it is only a 2-wire device. One disadvantage
to a 2-wire current transmitter however, is developing an acceptable periodic calibration
technique.

Resistance
Figure 5 is an example of a resistor measurement circuit typically used for measuring
RTDs, position, displacement, or level. Many times, 3 or more wires are used to complete
the calibrations and eliminate the effect of long field leads or connection resistances. A
highly regulated constant current supply completes the circuit. As a current transmitter,
only low regulated voltage and 2 wires are needed at the signal conditioner (not shown).
Since current regulation is built-in to the transducer, small variations in wire and
connection resistance will have no effect on measurement accuracy. However, since
normal resistance measurements are accomplished so easily by MicroDACS, the need of a
higher cost current transmitter for resistance measurments is reduced.

Figure 6 shows a variation to the resistance measurement circuit with voltage supplied to a
potentiometer. In this case, and to a large degree, accuracy will depend on the stability of
the regulated excitation voltage supply and the resolution of the potentiometer.

Inductive Transducers
Figure 7 represents a voltage measurement of inductive loads such as Linear Variable
Differential Transformers. With LVDTs the core is allowed to travel within the coil wound
housing causing the effect shown on the curve. Although LVDTs produce excellent
resolution and accuracy, a low voltage ac excitation voltage is required.

Similarly, synchros and resolvers with angular position information are inductive. In this
case, transformer primaries will be allowed to rotate with respect to the 2 or 3 secondaries.
See Figure 8. With these devices, the amplitudes of the secondary outputs contain the
angular information. The primary reference voltage, VRsin wt is used to synchronously
detect these amplitudes. Transformer type transducers are available as dc devices with
built-in invertors and signal conditioning.



Other inductive measurements such as the inductive pick-ups used in RPM and flow
turbines fall into pulse generator categories. At a suitable scanning rate, this data is sensed
as a pulse rate by the same analog or digital signal conditioning used for discrete event
measurements. Usually, pulse totallization for RPMs and GPM is stored in 16 bit registers
to be processed later as total revolutions or total gallons. Additional information such as
rate of change may be contained in the pulse width of the same pulse. Variations of pulse
widths are then measured with the same high resolution counters used to measure the total
period.

Fiber Optic Transducers
Future launch-vehicles of the 90’s will realize many of the virtues of fiber optic sensors
and communications; but first, some barriers in the technology must be overcome.
Ruggedized designs and standardization of fiber optic communications are being
contemplated and military specifications are presently being established for the aircraft
industry. Fiber optic sensors for launch vehicle programs are still in the development stage;
however, research in optical sensors for temperature and strain promises to materialize this
year. The most promising is the embedded  sensor in the missile skin and panels.2

Permanently embedded during the manufacturing stage, the sensor gives an excellent
tracking record of test results of post manufacturing and assembly processes as well as the
launch vehicle flight. The high temperature associated with metal processing precludes the
use of common fiber optic glass or even fused quartz. Exotic materials such as sapphire
embedded into carbon-carbon may be required. Once the airframe assembly is completed,
fiber optic cable connects the sensor to instrumentation such as interferometers or optical
time domain reflectometers.

SUMMARY AND CONCLUSIONS
Many signal conditioning applications were presented to show the significance of the
transducer to the data acquisition interface. Several new transducers utilizing integrated
signal conditioning within the sensor will minimize the problems of impedance matching
over long leads. The most promising advance in launch vehicle measurement technology
may be the embedding of optical fiber in sheet or rolled steel for measuring strain, Recent
disasters caused by ageing or unexpected strain on tanks and panels may have been
prevented by this measurement technique. The data acquired early in the fabrication stage
compared properly with operational ageing trends is the most important virtue of these
transducers.
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FIGURE 2
VOLTAGE AND CURRENT MEASUREMENTS

FIGURE 3
THERMOCOUPLE MEASUREMENTS

SOS70069



FIGURE 4
BRIDGE MEASUREMENTS
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FIGURE 5
RESISTANCE MEASUREMENTS
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FIGURE 6
DISPLACEMENT MEASUREMENTS
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 FIGURE 7
LVDT MEASUREMENTS
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FIGURE 8

ANGULAR MEASUREMENT USING
RESOLVER AND CONVERTER
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