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Increased requirements for acquisition of acoustic noise and pyro-shock data in remote test
areas at Lockheed Missles and Space Company resulted in a decision in 1983 to acquire a
new, portable, multiple-channel, data acquisition system.

The system is capable of continuously recording 140 channels of data over a bandwidth of
20 to 10,000 Hz for a period of 12 minutes. The system employs a portable fourteen-
channel, 2 MHz bandwidth, tape recorder for data storage. A unique auto ranging input
amplifier, which uses a gain-selection method based on the RMS value of random noise, is
used to signal condition the data.

This paper describes the data acquisition requirements, system design parameters, and
final system design.

INTRODUCTION

Exposure to high-intensity acoustic noise in reverberant sound chambers and to shock
impulses from pyrotechnic devices are often a part of the development, qualification or
acceptance testing of spacecraft and other aerospace structures. Since acoustic tests are
run in a chamber (cell) capable of containing the noise energy generated, a majority of
these tests are performed at Lockheed in one of two complexes, housing three acoustic
chambers ranging in size from 14x11x9 to 50x44x86 feet. A dedicated data system is
provided for the testing in this complex, but an additional chamber in a remote location
requires periodic multi-channel data acquisition. Pyro-shock testing is performed as an
additional environmental exposure in the acoustic testing facility when feasible, but
because of schedule problems, many of the pyro shock tests are performed in other
locations, where no data acquisition capability exists.



In the past, tests at remote locations have been performed by using temporary setups for
signal conditioning combined with multiple 14 channel FM tape recorders. On larger tests,
the number of data channels exceeds the portable tape recorder capacity and the renting of
additional tape recorders has been required. This method is costly, unreliable and difficult
to schedule. Therefore a decision was made to purchase a portable system that would be
capable of acquiring this data with a minimum of setup and schedule difficulty while
providing data of equal or better accuracy.

REQUIREMENTS

In the large, reverberant chamber, acoustic noise excitation is provided by electro-
pneumatic noise generators producing sound pressure levels of up to 162 dB re 20 micro-
Pascals (240,000 watts of acoustic power) over a frequency range of 20 to 10,000 Hz.
Data from accelerometers, microphones, and strain gages are recorded during the pretest
period and the actual test runs. The accelerometers located on the test article have output
levels in the range of 0.1 to 200g ( 86 dB) during the acoustic test. In general, the amplifier
range cannot be predicted (preset) and an auto ranging amplifier is necessary to obtain
maximum resolution.

Shock excitation is provided by pyro-actuated devices such as valves, bolts, cutters or
separation joints. These actual or simulated shock excitations are normally one-shot tests
that require that the signal level be predicted and the amplifier be preset to the estimated
range. The short duration (less than 0.1 seconds) of these tests does not allow time for auto
ranging. The accelerometer signals may range from 0.5 to 50oog (80dB) over a 20-10,000
Hz bandwidth.

Combining the requirements for data acquisition during exposure of the instrumented test
article to either acoustic or pyroshock environments resulted in the following parameters:

1. Continuous recording of 140 channels with time-correlation data on one 14 channel
tape recorder.

2. Frequency range of 20 to 10,000 Hz.

3. Data are acquired from accelerometers, microphones and strain gages.

4. 12 minute recording time on a 14 inch reel of 1 inch magnetic tape.

5. A signal to noise ratio of 50 db without gain changing.



6. A minimum of nine gain ranges (5 to 8 db separation) controlled by computer or by
auto-range. Gains must be recorded on the tape.

7. Provide “IRIG A” time code on each track, available for decoding at any reproduce
tape speed.

8. Simultaneous reproduce capability for 10 channels (one tape recorder track).

9. Fast and accurate auto-calibration before test.

10. Overall accuracy of 0.5% of full scale.

SYSTEM DESIGN

An FM multiplex system was chosen for this application because it provided rack mounted
equipment in a console that could easily be transported between test areas. Experience has
shown that the existing FM multiplex equipment at LMSC is rugged and reliable and
trained personnel are available for calibration and repair. The FM system expands the
capability of an existing 14 channel recorder by dividing the 2MHz bandwidth of each tape
recorder track into 10 FM multiplexed data channels each capable of recording the
20-10,000 Hz data. The schematic of the system is shown in Figure 1. An automatic
calibration system provides a complete end to end calibration from the signal conditioning
input to the system output. The reproduce system provides 10 channels, one for each
center frequency, to play back all the channels on one track simultaneously for
computerized data reduction (Ref. 1). “IRIG A” serial-time code is recorded on each track
to allow correlation of data channels on separate tracks. The time code reader displays
time during data reduction to select data intervals for processing. The tape search and
control unit will shuttle the tape over the interval for each of the selected tracks.

For maximum resolution, accelerometers with different sensitivities should be installed for
acoustic and pyro-shock tests. However the cost of accelerometer installation on large test
articles is an appreciable part of the total test expenditure and dictates that the same
accelerometers be used for both test series. The accelerometers used for testing have been
the piezoelectric type which require a coaxial output cable and a charge amplifier for
accurate readout. Resolution is obtained by changing the amplifier gain. Initially, the intent
was to use the existing accelerometers with computer controlled charge amplifiers to
automatically sense and set the gain correctly for each channel during the test.
Investigation revealed that the amplifiers were set sequentially and would require
approximately 1 second per channel to set the 140 channels to their correct range. Since
the acoustic tests are as short as a minute duration, the commercially available charge
amplifiers were not adequate for the application.



Auto ranging amplifiers are commercially available but would not be compatible with the
charge input from the piezoelectric accelerometers. Investigation of integral-electronic
accelerometers revealed that the sensitivities, sizes and weights available closely parallel
the pure

1. Conventional, auto-ranging, voltage amplifiers may be used.

2. Low impedance output eliminates the need for low noise coaxial cables.

3. The cost of the replacement accelerometer and auto-ranging amplifier was less than
the cost of a programmable-gain charge amplifier.

Since analog tape recording has a relatively-low dynamic range an efficient auto-gain-
ranging system was designed to be appropriate for the expected acoustic response signals.

The signal in acoustic testing is gaussian random noise and a minimum averaging time is
required to obtain an estimate of the RMS signal level. If this averaged RMS value of each
channel is known the controller can calculate and set the correct range to approximately
three times the RMS value.

The auto-ranging amplifier system, which is used on each channel, is shown in Figure 2. It
performs the following functions:

1. Auto-ranging is performed by the following process:
1. The input signal is passed through an analog RMS detector with a variable time

constant. The time constant may be set from 0.1 to 1 seconds.
2. The RMS level is digitized with an an analog-to-digital converter.
3. The RMS level is multiplied by the allowed crest factor (between three and five)

to determine the full scale.
4. The gain is set to this full-scale range.

2. The amplifier may be set to minimum (or any other) gain by computer control at any
time.

3. The gain may be frozen at any time by manual or computer control.

4. The gain information is recorded on each track of the tape recorder.

Investigation of the commercially-available amplifiers showed that these functions could
be supplied via modifications to an existing FM multiplexing system available from the
Metraplex Corporation.
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The range setting for each amplifier is required for data reduction and the settings must be
available for convenient reduction. The range is recorded as a discrete voltage level for
each channel for each of the 10 channels on a track. This information is continuously
recorded as voltage level of 1 - 2 milliseconds duration on a subcarrier on the tape
recorder track. A typical range signature is shown in Figure 3. To correlate the data,
“IRIG A” time code is also recorded directly on each tape track.

CONCLUSION

System definiton and design has been completed and a specification written for
procurement as turnkey system. The system will have been in use for two months when
this paper is presented and data on actual performance will be available.
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FIG 1.
FM MULTIPLEX

DATA ACQUISITION SYSTEM

FIG. 2
GAIN RANGING AMPLIFIER



FIG.3
TYPICAL RANGE LEVEL VOLTAGE TRAIN

INDICATED BY DISCREET VOLTAGE OF 1 - 2 MILLISECOND
DURATION FOR EACH CHANNEL OF THE TAPE RECORDER TRACK


