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ABSTRACT

A market survey of instrumentation engineers in vibra-
tion testing laboratories has revealed an urgent need
for computerizing the control of charge amplifiers used
in multichannel data acquisition systems. Digital con-
trol will increase dynamic range of the measurement

In“two-thirds of the facilities visited, it is necessary
for the charge amplifiers to operate independently of
the shaker control system. One-third of the facilities
preferred to have the charge amplifiers under control
of the minicomputer which controls the shaker. To
meet the needs of both groups the survey showed that
a computer controlled signal conditioning system must

system, and assure that the most recent gain setting provide:

of each amplifier is documented. The Series 2780

Multichannel System described in this paper will meet 1. Arecord of the most recent gain settings
these needs and thereby improve the accuracy and of all amplifiers on a non-volatile storage
reliability of data acquisition systems. device.

INTRODUCTION 2. A hard-copy record of each amplifier gain
- setting from beginning to end of test.

Many large vibration testing laboratories were surveyed

regarding vibration instrumentation needs for the 1980's. 3. Automatic scanning of data amplitude levels
These facilities typically employ 30 to 100 channels of while the test is in progress, the scanned
dynamic data per test and are currently using manually amplitudes being automatically compared to
controlled charge amplifiers with analog meters. Oper- pre-programmed high and low acceptance
ating personnel record amplifier range, transducer levels. When out-of-limit conditions occur,
sensitivity and filter setting, and they monitor the the operator must be notified and a quick
meters for overrange conditions during the test. Each method of range change implemented.

of the facilities surveyed had acquired computer-based

shaker control systems, but none had extended computer 4. Analog outputs for tape recorders and real

control to their vibration data acquisition systems.

time analyzers.

An excerpt from a paper presented at the Society of Environmental Engineers Symposium, London, England, May 1979.
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5. Remote control with up to 4 000 ft.
distance between controller and ampli-
fiers.

6. Easy interface to minicomputers.

Use of a prediction/verification marketing technique
in defining the new system enabled engineers and
technicians actually involved in laboratory vibration
testing to define the system's characteristics and
expected performance. This design approach has
resulted in the definition and implementation of a
vibration signal conditioning system that automates
data acquisition for the 1980's.

SYSTEM DESCRIPTION

MAC is ENDEVCO's new automated Multichannel
Amplifier Control System. It saves time and potential
error through computer control of a whole new gener-
ation of charge amplifiers. MAC does away with visual
monitoring, manual scaling, knob fiddling and note
taking .

The key to the MAC System is a new series of
printed-circuit-card charge amplifiers, Model 2781.
Fourteen charge amplifier cards fit into the companion
Model 2782 Enclosure. The Model 2783 Controller

can operate as many as 9 enclosures simultaneously

for up to 126 data channels, via its standard RS422 UART
bus. A minicomputer can control up to 15 enclosures for
a total of 210 data channels, via an optional |EEE-488
bus in the Model 2782 Enclosure. Software has been
developed with some minicomputer manufacturers for
easy implementation and excellent operator interface.

Amplifier enclosures may be located up to 4 000 feet
away from the controller and connected by only a single
twisted-pair cable. MAC's software is structured to
permit simultaneous tests at different locations, with all
amplifiers under the same controller. ) (

Additional flexibility can be achieved by having a
minicomputer control the input and programming param-
eters of the Model 2783 Controller. This is achieved
through an optional IEEE-488 bus in the Model 2783.

It allows complete operational control from a central
data acquisition station, yet uses existing software for
set-up programming.

A block diagram of the Endevco Model 2781 Charge
Amplifier Card is shown in Figure 1.
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Figure 1

The charge amplifier has excellent noise characteristics

over its 50 kHz bandwidth. Overload recovery is greatly
improved over existing charge amplifiers, and 0.1 Hz {
low frequency response is available as an option. The (.
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operator addresses the individual amplifiers through
the Model 2783 Controller and programs transducer
sensitivity, full scale input units, full scale output
voltage and filter selection. The digital information
provided by the amplifier to the controller is the true
rms value of the data, rms overrange indication, high
common mode voltage indication, and an indication of
peak clipping when the crest factor exceeds 3.3 Two
analog outputs are also provided. The AUX output is a
standardized 5 V peak full scale, low current output.
The AC output is a buffered 100 mA output whose full
scale voltage can be programmed from 0.5 to 5.0 V in
0.01 Vincrements. The AC output is ideal for wide-
band FM tape recording.

A block diagram of the Model 2782 Enclosure and
Model 2783 Controller are shown in Figure 2.

Figure 2

The following description of the Model 2783 Controller
explains how an amplifier channel is set up. The imple-
mentation could also be made by any minicomputer with
a keyboard and CRT interface. After the controller is
placed in the program mode by depressing the PROG key,
the following information is entered from the keyboard
for each amplifier:

A. The enclosure number and card number,
to identify where the set-up commands
will be directed.

B. Full scale input level, transducer sensitivity
and full scale output volts, to set the gain
of the amplifier.

C. High Auto Scale and Low Auto Scale,
entered as values to be compared to the
rms data that is continually sampled,
digitized and sent back to the controller
from the amplifier.

D. L.P. Filter and H.P. Filter to select one
of the three high-pass and three low-pass
filters (or no filter) available on the
amplifier card.

E. Pretest level to increase the amplitude
gains during pretest for amplitude compari-
son when running below full test level.

When all channels have been programmed, the set-up

is automatically recorded on the cassette tape. Upon the
PRINT SETUP command, the printer provides a hard-
copy printout of the set-up parameters.

RUNNING A VIBRATION TEST USING MAC

When running a shaker test, the full scale test level is
approached by first running the shaker at a reduced level.
Similarly, machine vibration tests are usually begun with
slow start-up speeds. With existing systems, an operator
scans each accelerometer's charge amplifier output meter
to ensure a signal is present and within some expected
amplitude range. The Model 2783 Controller does this
automatically and precisely for all channels when the

test operator depresses the PRE TEST function key and
enters the decreased level in dB. The PRE TEST function
increases the amplifier gain by the dB value programmed
to permit valid comparisons with the Hl and LOW AUTO
SCALE entries. The AUTO SCALE key initiates the
scanning of the rms levels of all channels and compares
those levels to the percent of full scale levels programmed
by the Hl and LOW AUTO SCALE entries.

If the rms data level sampled by the controller is outside
the programmed limits, the OVERSCALE or UNDERSCALE
light will light, the printer will print all channel locations
out of limit and the time of occurrence, and the controller
display panel will display the programmed parameters of
the lowest ordered channel that is out of limit. The
channel displayed is rescaled in 3 dB increments until it

is within range, when the SINGLE SCALE key is depressed.
If a number of channels are required to be rescaled, they
are all incremented in 3 dB steps by depressing the AUTO
SCALE key. After all channels have been rescaled, the
new set-up parameters are automatically recorded on the
cassette tape so that the most recent amplifier gain settings
are available on a permanent storage device.

The tést may now continue to full test level. The AUTO
SCALE key is depressed, enabling the monitoring of the
rms level and automatic rescaling of the amplifiers. A
charge amplifier's gain change can be made automatically
or manually at any time without disturbing other channels.
As soon as any change is made, the new gain parameters
are recorded on the cassette and printed by the printer
along with the time of occurrences. Upon completion of
a test, the cassette may be saved so that if the test is to
be repeated at a later time, or the gain of a channel
verified, the controller may be programmed from the cas-
sette in a few seconds, a hard copy made and the test
conducted.

SPECIAL FUNCTIONS

A number of other special features have been incorporated
into the system and deserve comment.

Programming the controller may be considerably shortened
by programming a cassette with parameters that are common



to all tests (such as output full scale voltage and high
and low auto scale limits). These parameters are
easily entered automatically each time a test is per-
formed, and then only non-standard parameters need be
manually keyed in.

A calibration mode provides a reference calibration
to tape recorders and frequency analyzers.

Operation errors such as an unprogrammed rack and
absence of a cassette are indicated by a warning light
on the Dynamic Status Indicator Panel.

Amplifier overrange, amplifier excessive common mode
voltage, and peak overrange are continually monitored
and the operator notified by a warning light with the
printer identifying each amplifier that is in trouble so
that appropriate action may be taken.

Digital Cassette Recorder Real Time Ciock

Automatically recards for gain settings
and gain changes for continuous and
permanent documentation of the entire test.  hour/minute/second.
You can rerun the test under the same

conditions by programming the amplifiers
from the cassette.

Printer

time they occurred during a test. Also
prints time out-of-range conditions occur.

to system conditions.

Displays test number and time.
Alternately displays day/month and

Diagnostic Status Indicator

Provides a hard copy of original amplifier ~ Assists you in troubleshooting
gain settings and all changes, as well asthe problems by alerting you immediately as the controller sequences through  functions.

A clock is included that displays MO-DAY-HRS-MIN-
SEC so that time is recorded on the cassette and printed
out each time an event or change occurs. This permits
correlation with the data tape during data reduction.

SUMMARY

Computer-controlled charge amplifiers are the next
logical step in automating vibration testing, be it in the
environmental test lab or on operational tests. The
ENDEVCO Series 2780 Multichannel Amplifier Control
System gives the test engineer a state-of-the-art ampli-
fier that can be controlled by MAC's dedicated micro-
computer controller or by the laboratory's own mini-
computer. Herein lies one of the fundamental benefits of
MAC, the vibration signal conditioning system for the
1980's.

Remote Capability (Option)
Enables you to control the 2783's

Parameter Control and
Display Panel

Addresses individual amplifiers and  microcomputer from an external
displays their programmed and
controlled parameters.

computer.

Numeric Keyboard Operational Control Panel
Enabies you to enter numeric settings Provides program manipulation

each setup step.




