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the digital method upgrades test reliability and performance and
reduces operating cost by reducing total test time. These poten-
tial benefits made it attractive for the Harry Diamond Laborato-
ries to undertake an effort concerned with the technical appli-
cations, and procedures related to the new test control method.

Test evaluation of the requirements for real-time digital
computer control* of all pertinent test parameters indicates the
new test method could be applied reliably to meet bare-table
amplitude and frequency-control criteria of +5.0 and *0.2 per-
cent respectively. These results were confirmed by data taken in
the frequency range of 5 to 2000 Hz during both sine sweep and
simulated resonance dwell operating modes. By contrast, present
most restrictive requirements for conventional analog testing as
specified in the test standards most widely used by the Army, i.e.,
MIL-STD-810B, -331 and -167 call for +10.0-percent amplitude con-
trol and *2.0-percent frequency control. It was further concluded
that the computer-controlled-test technique could restrict ampli-
tude quantization errors to *0.5 percent if a 10-bit analog to
digital converter is used in conditioning the test amplitude and
that the equivalent analog amplitude distortions for the 128
points digitally synthesized sinusoidal waveform can be controlled
to 0.5 percent over the frequency range of testing (5-2000 Hz).
Furthermore, a dynamic range of at least 60.0 dB (typically
required for most applications) is well within the capability of
the new test method. Digital control testing has been incorporated
into on-going qualification/acceptance testing of a variety of
production weapon systems and components related to electronic
fuzing.

Cost-effective measures that could reduce total test time by
as much as one hour (or 25 percent for the typical mil-standard
test) can be achieved when repeated (or variable mode) testing
is required. This is accomplished through the utilization of
preprogrammed and prechecked computer test tapes which practically
eliminate the pretest setup and programming operations required
in the conventional analog method. In addition, test reliability
is significantly upgraded due to minimization of human errors.
Therefore, a significant cost-effective measure can be realized
if the new test technique is applied to large volume contractor
or Army-wide production acceptance testing.

Substantial advancement relative to product quality control
is another important derivative. Due to extended test capability
digital control techniques could be used advantageously to test
qualify production hardware to known service environments rather
than to some "equivalent"” test dictated by limitations of conven-
tional analog testing. This subject however exceeds the scope
of this report.

Also presented in this report are procedures for the imple-
mentation of direct-digital-computer control to Army sinusoidal
vibration testing as well as the basic requirements for the
applicable test equipment.

*Using Gilmore T5021 test system/C90 shaker.
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I. GENERAL DESCRIPTION OF MTT PROGRAM EFFORTS BY HDL

1. INTRODUCTION

The Harry Diamond Laboratories (HDL) has recently applied and imple-
mented a new test methodology sponsored by the Army Materials and Mechanics
Research Center within the framework of the materials test technology (MTT)
program. The work presented is concerned specifically with sine sweep and
dwell testing, with primary emphasis on the Army's most widely used test
standards for production/qualification vibration testing, MIL-STD-810B,
transport (general purpose spec.) MIL-STD-331 (fuze/components specs),
MIL-STD~-167 (amphibious transport).

The method described employs a digital mini-computer with associated
sof tware and hardware peripherals that assumes direct and full control of
sine-sweep and random vibration testing. Subsequent advancements have led
to such direct computer-controlled options as shock=-spectra testing,
simulation of simple/complex acceleration-time transients, and automatic
resonance search and dwell test techniques. The new digital-control system
is designed as a replacement for the conventional analog test equipment
because of increased reliability, accuracy, speed, and safety at reduced
operating cost. The primary objective of this program is to upgrade
current test requirements and procedures, as well as to apply the gains
and cost-effectiveness associated with digital-computer control of
dynamic testing to Army needs.

The concept of direct-digital-computer control of dynamic testing,
along with associated electrical performance criteria, data processing
routines, and software/hardware operation required to achieve real-time
closed-loop control, has be considered in detail. It was concluded that
direct-digital control of Army vibration testing is technically reliable,
and that the new test method permits good compliance with all dynamic
requirements imposed by the aforementioned specifications for the con-
ventional analog test equipment. An extensive test program was subse-
guently initiated to establish the validity of this conclusion. Repre-
sentative tests from MIL-STD-810B, =331 and -167 were performed under
direct computer control simulating maximum/nominal/minimum Army field
environments. Analysis of the test data strongly confirmed this
conclusion. The required *10-percent amplitude control accuracy and
t2-percent frequency control accuracy in the 5- to 2000-Hz band were
adequately met by the new test system which demonstrated amplitude and
frequency perturbations of about 5 * 1 percent and under 0.2 percent,?*
respectively, during cycling and simulated resonance dwell operations.
Also demonstrated under direct-digital control were vibration-test
parameters far in excess of those listed in these specifications, with
almost comparable control accuracy (i.e., sustained 120 g levels at
sweep rates of 0.1 to 7.0 octaves/min within the 5- to 3000-Hz band).

*Except at 10 Hz where frequency error was +0.5 percent.
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The implementation also revealed that the new test method could bring
about a substantial cost reduction of approximately 25 percent to Army-

wide vibration testing of the tests specified herein.t This approximation
was based on the fact that a computer-controlled test system using per-

manent storage of preprogrammed test tapes eliminates the need for the
(approximately) 1l-hr setup time typically required in programming con-
ventional analog test equipment. Consequently, maximum duration tests
specified in MIL-STD-810B could be reduced from an average 4 to 3 hr;
substatntially larger cost reductions can be expected for the shorter
duration tests. Owing to the numerous benefits derived from digital
control testing, the new test method has been incorporated into HDL
on-going qualification/acceptance testing of production configuration
missile and artillery electronic fuze systems and components. Among
the systems/components already tested were the XM817/818 missile fuzes,
XM587 and XM728 artillery fuzes, and numerous other production hardware.

Section 2.1 below describes design performance, operations, control
and dynamic range capability of the new test system vis-a-vis the speci-

fications involed requirements. Section 2.2 qualitatively outlines
software applications and potential benefits associated with the new test
method (refer to Ch III for details of sections 2.1 and 2.2). Sections
2.3 through 2.9 contain quantitative results indicating that the new
test method can be applied reliably to perform the type of vibration
tests listed in the aforementioned specifications. Section 2.10 contains
test data to the effect that the new test technigque can also be used to
execute high-level vibration testing. Section 2.11 summarizes those
advances in the state-of-the-art that could be advantageously incor-
porated into Army-wide shock and vibration testing.

The technical effort and subsequent testing were performed using
the Gilmore/MB Electronics T5021 Digitally Controlled Vibration Test
System/C90 Shaker currently in operation at this facility. Fundamen-
tally, all direct digitally controlled test systems are designed around
the same closed-loop control concept.

Future plans include applications, techniques, and procedures rela-
tive to the utilization of digital computer control to the Army's pro-
duction/qualification random vibration testing and shock testing
requirements.

2. SUMMARY OF APPLICATIONS, IMPLEMENTATION, PROCEDURES, AND TECHNIQUES OF
NEW TEST METHOD

2.1 Control and Performance Characteristics

The concept and requirements associated with real-time computer
control of vibration testing have been evaluated and analyzed in detail.
Specifically considered (and discussed in detail in Ch II of this report)
were the following items (a) through (j):

(a) closed-loop signal-control logic,

+Except for long duration transportation vibrations.
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(b) control-signal analog to digital-conversion technique and the
resulting quantization error,

{(c) computer data sample rate,

(d) excitation signal filtered/unfiltered digital processing and
control criteria,

(e) amplitude and frequency control accuracy and limits violation
thereof leading to ABORT/ALARM status,

(f) signal forward/feedback precision gain and scaling conditioning
circuitry,

(g) digital synthesis of harmonic drive signal using sweep-servo
oscillator,

(h) software organization and test program preparation,
(i) test-data documentation, and

(j) test reliability and total setup time for repeated production/
qualification testing.

The characteristics of the digitally-controlled forward-precision-
gain amplifier and feedback-scaling amplifier required for conditioning
the vibrations control signal indicate a dynamic range capability of at
least 60 dB and a gain accuracy of 1 percent of full-scale output for this
test control technique. Quantization errors associated with the 10-bit
analog-to-digital converter (of the vibration signal) were about
0.5 percent.

The digital oscillator was configured to yield an equivalent analog
waveform distortion level of less than 0.5 percent and fine frequency
programming control accuracy of 0.1 percent of point in the 0.5- to upward
of 10-kHz band. The oscillator digitally synthesizes a harmonic cycle
from 32 voltage steps polarity-inverted quarter-cycle sine wave, generating
a total of 128 points. The fine frequency resolution in any octave is
obtained by dividing the frequency in steps of 210, which is accomplished
through the implementation of digitally controlled phase lock loop, a
precision-controlled clock oscillator that prevents frequency drift for
whatever reason. Software and hardware implemented filtering technique
permits the computer to interpret and control the test amplitude to a
wide band or selectively tracked frequency. Data sample rate, typically
maintained at 51 samples/sec above 12 Hz, is adequate in maintaining
package safely, as the maximum (number of consecutive) data frames
required to abort (32 frames) will result in out-of-bound test time of
0.0625 sec (except as modified by system's inertia; below 12 Hz, this
time could increase to 0.125 sec).

13




A comparison between three of the most used methods for computer
arithmetic (to represent the test data) i.e., fixed point, floating
point, and logarithmic, indicates the floating point (scientific) nota-
tion to be the most efficient for sine-sweep testing and best adaptable
to the 16-bit mini-digital computer, providing high-speed data proc-
essing algorithms are used.

In view of the technical performance of the system, it becomes
apparent that direct-digital-computer control of Army vibration testing
is technically attainable and reliable, in fact most desirable due to its
advantages over the conventional analog technique, and that the *10-
percent amplitude control accuracy and the *2-percent frequency control
accuracy requirements (specified in most current standards for analog
testing) are well within the capabilities of this test-control method.

2.2 Software Applications and Related Benefits

Efficient software organization, straightforward test programming,
and simplicity of operation can be accomplished with test process
oriented digital mini-computers. To program a test, all that is
required is an editing routine in conversational language. Operator-
supplied test information is computer checked and then punched on an
8-bit paper tape or other input devices used to commence testing. Once
the programmed tape has been fed into the computer, the entire test
sequence—including real-time monitoring, documentation, and shut-
down—proceeds automatically under computer control. The primary
benefits that can be derived through the application of direct-computer
control to dynamic testing are summarized as follows:

® Practical elimination of pretest setup operation through the use
of preprogrammed tapes——a particularly attractive feature for
large-scale production testing. By contrast, analog test
equipment requires on-line programming or/and adjustments
for every test.

® Substantial improvement in reliability as human interference,
_and therefore human error, is kept to a minimum.

® Instant post-test complete documentation and analysis of
test data (also not available with analog testing).

® Safe operation as each test parameter is (continuously) computer
checked. No special programming skills required as programming
is implemented in conversational language.

® System is designed around building block concept permitting quick
expansion to other forms of testing through peripherals or standard
tape program library.

2.3 Tests to Establish Applicability of Concept

An extensive test series was initiated to confirm the application
and compliance of direct-digital-computer control to Army vibration
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testing requirements. Twenty-three tests were selected from test stan-
dards most commonly used by the Army for production/qualification testing
of the applicable weapon systems (MIL-STD-810B, -331, -167, and the newly
proposed MIL-STD-810C), extending over the entire spectrum of field
environments. An analysis of the data from all tests indicates excellent
compliance with the specifications-invoked accuracy-control requirements
for amplitudes and frequencies. The test results are summarized in

table I below.

TABLE I. AMPLITUDE AND FREQUENCY CONTROL REQUIREMENTS

Specification Requirements Test Results*
Amplitude Control: $10%\ of + 52 jare
specified value
Frequency Control: 22\ of 2.1\ (maximum) at 5 Hz
specified value®** $.5¢ (maximum) at 10 Hz
20 Hz under £.2%
20-2000 Hz
+1/2 Hz below 0,05 Hz below 20 Hz
Frequency band: 5-2000 Hz 5-2000 Hz

*Refcr to sections 9.2 and 9.3 for description of test instrumentation
and fixture.

tPlus or minus 20 percent for MIL-STD-167

**Average amplitude error was centered at about 5 percent about the
specified value, with a tl-percent band fluctuation. Refer to sections
10.1 and 10.2 for data-error analysis.
¢seplus Or minus 3 percent for MIL-STD-331

Extraneous system noise, evidenced in the early stage of testing,
resulted in amplitude control in excess of the allowable *10-percent
band when operating at low frequency (5-15 Hz) and low displacement

(0.1 in. D. A.).

equivalent acceleration level could be as low as 0.15 g, for which the
control transducer output voltage (appx. 40 mV/g) fell below 10 mV
(i.e., within the noise region). To remedy this, the signal-to-noise
ratio was increased approximately by 2.5:1 (to 100 mV-Pk/g) through the
incorporation of an additional scaling/charge amplifier in the feedback
loop. Amplitude control was then reestablished within the %10 percent

band.

NOTE: The digital real-time control capability of the test system method
was further substantiated by its ability to compress resonance buildup
to within *10 percent. Test data at 2000 Hz indicate the (C90-shaker)
bare table axial resonance to be approximately 4:1. However, data
included herein (for the instrumented shaker) show the test amplitude
was controlled to 7 * 1 percent of the specified value at 2000 Hz, both
in the sweep mode as well as during a 30-min dwell operation.

2.4 Control Techniques for Test Amplitude

This was due to the fact that at low frequency, the

Amplitude control can be achieved for digital tracked/untracked
operations. Under untracked operation, the magnitude of the feedback
signal (used as basis for control) may consist of frequency components
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made up of the fundamental frequency as well as of contributions from
harmonics and noise. This assures excitation to a desired amplitude

but not necessarily at the specified frequency (i.e., the fundamental
amplitude at a specific frequency may be significantly lower than that
required). However, when the control system is programmed for tracked
operation, the feedback signal is digitally processed and controlled to
the fundamental amplitude at the absolute sweep frequency only. Amplitude
control is therefore assured at the specified frequency (refer to sec-
tion 7.7 for detailed discussion).

2.5 Synthesis of Waveform

Photographic data indicate the digital oscillator can synthesize a
smooth harmonic drive signal from a 32-step polarity-inverted quarter
cycle sine wave. The average combined* distortion, measured at the
center of the fully powered bare exciter, was below 1 percent in the
5- to 2000-Hz band.

2.6 Digital Control During Simulated Resonance

Extensive simulation of resonance dwell testing was performed under
direct-digital control. Resonance frequencies were specified within the
5- to 2000-Hz band and for dwell periods in accordance with the specifica-
tions requirements. A significant number of the (simulated) resonance
frequencies was selected at regions for which direct-computer control
might be particularly difficult to implement, such as dwells at points
(5 or 2000 Hz), acceleration/displacement crossover frequency (s).

The prime objective, direct computer control of the specified
amplitude level(s) for 20 to 30 min of continuous dwell operation, was
successfully demonstrated. No frequency drifts or out-of-bound amplitude
deviations were noted in the dwell periods. Shaker axial resonance
buildup at 2000 Hz (with fixture/instruments) was continuously compressed
to within the regquired #*10-percent control during a dwell period lasting
30 min.

Present resonance dwell operations on this system require the operator
to manually abort the sweep test and command the system to dwell at a test
frequency which is also determined manually. The dwell operations are
automatic from that point and insure that any out-of-bound perturbations
will cause system abort. To terminate dwell, a manual shutdown command is
required. Recent software developments, however, permit the execution of
this entire operation automatically for an operator-defined-resonance
level and dwell time, provided at least two computer data channels are
available for transducers relative measurements. However, if control at
a known resonance frequency and location is desired, a single transducer
is required.

*Combined characteristic electrical and mechanical distortion of shaker.
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2.7 Test Profile Repeatability

Review of analog strip-chart data for all tests (these data records
are not a part of the digital-control system but were used for monitoring
purposes) indicates excellent repeatability of the programmed test profile
over as many sweep cycles as specified. The specification-imposed
amplitude and frequency-control requirements were maintained throughout
the cycling.

2.8 Real-Time Test Documentation and Summary

Real-time documentation is available in the form of hard-copy digital
listing of the specified vis-a-vis the executed test profile at every 1/3
octave point (optional listing can be affected at any frequency). The
computed value of the executed test mode is based on any desired statistical
average of the test amplitude (in this case an arithmetic average collected
over 0.5 to 2.0 sec prior to the listed test time; the data window is
optimized with sweep speed and test frequency). In-between points are
monitored by the computer but not listed. A backup data source is the
x-y plot of the digitized peak amplitude voltage (or amplitude rms vol-
tage) versus frequency. Together, these data form an acceptable and
coherent record of the test, and are instantly available at the completion
of the test for test evaluation. The relatively slow ASR-33 teletype
supplied with this system will skip listing for sweep speeds in excess
of 3.0 octaves/min. However, all tests performed herein are limited to
sweep speed of approximately 1.0 octaves/min, and standard military
testing is not performed above 3.0 octaves/min.

2.9 Test Programming and Elimination of Pretest Setup Operations

Based on this test system tape read/punch/type equipment (see sect 5)
the average total programming time for tests performed herein was 17.75 min
with no advanced preparations whatsoever (i.e., "cold start"). Once all
the necessary tapes have been programmed, the total setup time required
to initiate testing decreased to 4.15 min, a time saving of about
77 percent compared with cold start. The practical elimination of the
setup time can be achieved by storing all test program and data tapes on
a disc system, and recalling the desired test directly into the computer.
It is estimated that due to the high-loading rate of the computer (PDP-11/20),
this procedure will require only a fraction of a minute, representing
upward of 76-percent improvement over method of input of preprogrammed
8-bit paper tapes and upward of 95-percent improvement when compared
with the cold start. By contrast, the equivalent setup time associated
with analog test equipment could typically be on the order of 1 hr. As
the longest test specified in MIL-STD-810B lasts approximately 3 hr, the
total test time could be reduced from 4 to 3 hr through the elimination
of the setup time.* A significant cost reduction of about 25 percent
per test could be realized here, a particularly attractive cost-effective
measure when applied to all Army and contractor vibration testing.

(Refer to section 10.6 for test-time data. Indicated times do not
account for fixture installation.)

*The 4-hr figure contains 1 hr of setup time associated with analog test
equipment.
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2.10 High Limits Vibration Tests Using Digital Control

Vibration levels far in excess of those specified in MIL-STD-810B
and MIL-STD-331 were successfully executed under direct-digital-computer
control. These included:

(a) A 10-level acceleration velocity displacement test profile
between 5 and 3000 Hz, at sweep speeds of 0.1 to 7.0 octaves/
min, and maximum systems limits which are: 120-g acceleration,
50-in./sec velocity, and 0.75-in. (D.A.) displacement.

(b) Sustained acceleration levels of 120 g, 50 in./sec velocity,
0.75-in. D. A. displacement accompanied by 60-dB steps with a
total payload of 12 1b. System abort limit was set at +1.0 dB.

2.11 State~of-the-Art Test Techniques

Current state-of-the-art software developments indicate that the

following direct-computer-controlled test operations are potentially
adaptable to standard and/or special Army vibration-shock testing:

(a) Random and mixed sine/random with automatic compensation for
shaker/load dynamics, and quick equalization time.

(b) Multichannel and multishaker amplitude/phase control capability.

(c) shock-spectra synthesis accompanied by automatic compensation
for shaker/load at specified levels of error and damping.

(d) Simulation of most field shock environments through the
electronic synthesis of simple/complex acceleration time
histories.

(e) Automatic resonance search/dwell routine permitting execution
of sine-sweep resonance search, dwell, and shutdown operations
with no human intervention.

2.12 Conclusions and Recommendations

(a) Technical considerations supported by extensive application testing
demonstrated that the direct-computer-controlled test methodology
complies with the Army's needs and specifications governing sine-sweep
vibration testing. The numerous benefits offered, particularly in the
area of cost effectiveness and improved test reliability/performance,
make the new test method most desirable for the Army's production/quali-
fication vibration testing. HDL has implemented the new test method in
the qualification/acceptance testing of a variety of production and pre-
production weapon systems and- components related to missile and artillery
electronic fuzing.

It is therefore recommended that the direct-computer-controlled
test method be incorporated into all Army sine-sweep vibration testing,
without the need to compromise the outstanding specifications. It is




further recommended that the existing specifications (particularly some
of the most commonly used by the Army such as MIL-STD-810B, -331, and
-167) be updated in light of the more realistic simulation capabilities
offered by this test technique, and presented in this report, to affect
vibration testing under a wider range of dynamic environments and toler-
ance limits not currently practical with conventional analog equipment
(i.e., increase the total number of mixed mode test steps; restrict
amplitude control errors, etc.)

(b) Continue the technical and test effort under the MTT program, to
establish the adaptability, benefits, cost-effectiveness, and applica-
tions testing of the state-of-the-art developments defined in section 2.11,
vis-a-vis the on-going shock and vibration testing requirement for Army
materiel.

II. DESCRIPTION AND TECHNICAL OPERATIONS OF DDC SWEEP-SINE TEST
METHODOLOGY, AND ITS APPLICATION TO ARMY VIBRATION TESTING
PER MIL-STD-810B & -331 & -167

3. DIRECT-DIGITALLY CONTROLLED SINUSOIDAL VIBRATIONS TEST SYSTEM

HDL operates a DDC vibrations test system for the purpose of per-
forming acceptance and/or qualification testing of production weapon
systems per the specified military standard (most commonly MIL-STD-810B,
-331, -167) or other special testing requirements. The (T5021) DDC test
control system, manufactured by Gilmore Industries, consists of the basic
(T5001) sine operating system, the basic (T5020) random operating system,
and the mixed mode sine/random option. These test control capabilities
are further supported by Fourier/PSD analysis techniques to evaluate the
characteristics of the test drive/feedback signal. This report is
restricted to procedures, techniques, and application testing relative to
the sinusoidal vibrations test method--supported by extensive test data.
The foregoing results, although derived from the use of the specified test
equipment, can be considered representative of the DDC test technology.
Fundamentally, all DDC test systems operate around the same close-loop
real time dynamic control concept.

3.1 Gains Derived From Performing Military Tests on DDC Vibration Test

Systems

This section summarizes the numerous benefits offered by the new
DDC vibration test method over the present day analog test technique.
The particular adaptability of the DDC test technique to sine testing
per Military Standards becomes quite apparent.




Computer control of vibration production, qualification, or simula-
tion tests promises substantial operating-cost reduction previously not
attainable. This is due primarily to the marked reduction in pretest
setup time and reduced number of skilled operators required to execute
these tests (in fact no programming knowledge is required to operate the
system). Additional cost savings are incurred when preprogrammed test
tapes are used again and again in test operations, thereby practically
eliminating test setup time. Test reliability is also enhanced because
human errors are eliminated through computer control. The classical
slip of "forgotten switch,” or control adjustment, no longer exists for
tests of the highest complexity. The test tapes may also be permanently
stored on a disc system and called directly into the computer; thus,
additional time-saving is realized due to the elimination of the tape-
reading sequence.

Complete control over the system is possible during the test. The
operator can stop, start, change test profile or dwell at any point in
the test through a manual override password communicated to the computer
via the teletype. For extremely accurate sine tests, automatic amplitude
control can be maintained to levels as low as *0.5 dB (approx *6 percent),
whereas typical military sine-vibration tests require control accuracy of
*+10 percent (approx *0.9 dB). Operating cost is further reduced as the
system also provides complete test documentation. Each test profile is
fully documented in real time, yielding amplitude levels, frequency range,
sweep rate, control limits, and test-time information. At the completion
of the test, an instant test history that is free of human error is pro-
vided. In the manual operating mode, the operator has the option of
setting the test to 1/4 and 1/2 levels prior to proceeding at full level
in the automatic mode.

The DDC vibration system is built around a flexible building block
concept. The basic sine system can be expanded to include complete
sine-shock, random, and mixed sine/random test capability; also, it can
be used for real time-data analysis. These capabilities are achieved by
adding the appropriate peripheral hardware components and the correspond-
ing software routines. When no tests are performed, the 4th generation
le-bit (8092-word memory) computer may be used for direct programming and
computations in basic language.

The versatility of the DDC system is further enhanced by its ability
to produce simple or complex SHOCK pulses at the shaker head by direct
programming, thereby permitting the simulation of shock-spectra environ-
ments. The exciter, in effect, becomes a versatile shock/vibration
apparatus. The setup time for pulse shaping is eliminated as each pulse
is shaped electrically, and the load/shaker transfer function is automati-
cally accounted for in the program.

Present day DDC vibration systems offer up to 8 channels of data-
processing capabilities and control. Test amplitude control can be
based on any standard averaging techniques, or the system can be used
to control several shakers simultaneously. The primary benefits offered
by a DDC vibration system over the conventional analog equipment can
be summarized as follows:




Reduced Operating Cost*

® Reduced test setup time
® Human error practically eliminated
® On-line/off-line data analysis
® Complete test documentation
@ Improved reliability
safety
® Test parameter computer checked
@ Automatic shutdown if allowable limits are exceeded

® Alarm messages when allowable limits are intermittently exceeded

Simplicity

® Question/answer routine in conversational english during programming
® No special programming skills required

® Completely automatic operation

® Standard test tape library available

® Abort/test preparation diagnostic message listing

® Preprogrammed test tapes available on disc

Flexibiltiy & Versatility

® Building block capability

® Sine/random/mixed sine-random/analysis/shock capability

® Multiple channel control (up to 8 channels)

® Real time/off-line fast fourier transform analysis and PSD analysis
® General purpose computer analysis during off-test period

® Multishaker control

*Refer to section 10.6 for data on total setup time.




3.2 Basic Sine-Control System*

A functional block diagram of the Gilmore Ind. basic sine-control
system is presented in figure 1. The main feature of the system is its
use of a small digital computer in direct, closed loop, control of the
forward and feedback signals. Peripherals controlling and monitoring
such parameters as loop gain, test profile, and frequency are constantly
under direct-digital control. The system is capable of accepting up to
10 program levels in any combination of acceleration, velocity, or
displacement at sweep speeds ranging between 0.1 and 7.0 octaves/min in
the frequency band of 5 to 3000 Hz.

Fundamentally, the operation of the system is based on the computer-
controlled D701 zero drive amplifier that provides the necessary signal
conditioning for the feedback signal. The D710 amplifier provides precise
incremental gain control to normalize the feedback signal. Conditioned
output from the D710 module is processed by the D726 unit where rms level
proportional to amplitude is generated for the feedback signal. The out-
put of the D726 is then sampled by the variable rate analog-to-digital
converter, and is coded into binary numbers representing amplitude infor-
mation. The binary numbers are then communicated to the PDP1l computer
through the D706 interface (buffer) module. The PDPll computer inputs
these numbers (test data) into a software routine that compares the test
level to the desired profile.** If any inconsistencies between these levels
develop, the computer will automatically adjust the forward path gain con-
trolled by the D711 precision amplifier, and will set the optimum servo
response time as a function of sweep rate. Waveform synthesis and test

D701, 0710 (FEEDBACK LOOP)

0726 A/D
ACCELEROMETER
LINE DRVER { ASR-33
e TELETYPE
| INTERFACE POP-11/20
SHAKER e COMPUTER
, PAPER
POWER APE
AMPLIFIER READER
D800
DIGITAL
FORWARD LOOP \I w osc |
DISC
e LIBRARY
TR50 SYSTEM
STATUS
MONITOR

Figure 1. Basic T5001 sine-control system—block diagram.

*Refer to section 7 for detailed description and operation.
**The desired test profile has already been furnished to the computer
during the setup routine.
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frequency are generated by the D800 computer-controlled digital oscillator.
Communications between the PDPll computer and the digital oscillator are
internal and are based on binary language. Closed-loop direct digital
control is thus maintained throughout the test envelope.

3.3 Basic Sine-System Software

This is a setup and editing routine that permits the operator to
program a multi-level sine test (up to 10 levels of acceleration,
velocity, or displacement within the frequency range of the equipment),
through a question and answer series in conversational language. No
programming skills are required. Each test entry is checked against
the maximum permissible limits which are permanently stored in the
computer. The operator is required to define the allowable deviations
from the specified profile, beyond which the test will be automatically
terminated. After the test definition has besn completed, a paper
(data) tape is generated. Also generated is a hard copy from the
teleprinter listing all test parameters. The sine operating tape is
then fed into the computer followed by the data tape to initiate the
test. A real-time override of specific test parameters is also possible
through the use of a special password. During the test the teleprinter
will list the actual-versus-desired test mode as a function of test time
at each 1/3 octave points as well as all profile crossover frequencies.
Another test-data source available is a plot of the feedback digital
voltage as a function of frequency. This voltage can be used to
ascertain accelerometer output in between the 1/3 octave points (how-
ever, it is not quite an analog signal). A more detailed discussion
of the software package is presented in the section on software organiza-
tion. Listed below are the T5021 DDC system hardware/software components.

Hardware Components

PDP-11 Mini-computer - S*, R**
RK-11/02 Disc Memory System - S, R
ASR-33 Teleprinter - S, R
Varian 620 Mini-computer (FFT-BOX) - R
HP-1205B Oscilloscope - S, R
D820 Paper Tape Reader/Puncher - S, R
N166-3 X-Y Recorder - S, R
D706 Computer-Process Interface - S, R
D705 Computer-Computer Interface - R

*Sine test
**Random test




Hardware Components (Cont'd)

D900 Safety Status Register - S, R

D811 Multiplexer and Analog/Digital
Converter - S

D800 Function Generator - S
2 D701/710 Feedback Path Amplifiers - S, R
2 D711's Forward Path Amplifiers - S, R
D730 Dual Digital/Analog Converter - R
D720 Shock System Signal Conditioner - S
2 D726 Sine System Feedback Signal
Processor - S
2 D735 Random System Signal Conditioner - R
D736 Random Number Generator - R
D720X Filter - S
C-90 & Power Amplifier Shaker System - S, R

Software Components

Monitor 5B (In permanent residence)
Sine Editor/Compiler - S -———————————-w

| a
Sine-Shock Editor/Compiler - S Required to prepare tast
[~ (data) tapes
Random Editor/Compiler - R

Sine/Random Editor Compiler —0m—mo— — ..J

Sine Operating System - S _—

| Required to execute test

Sine-Shock Operating System - S

Random Operating System - R — —

Analysis Operating System (Editor/Compiler on same tape

-S, R (for off-line data)




4. SOFTWARE ORGANIZATION AND DESCRIPTION—SWEEP SINE TEST

This section summarizes all program routines and procedures necessary
to perform a sine-sweep test.

4.1 Program Procedure to Execute a Sine-Sweep Test

The following program tapes, in the order shown, must be loaded into
the computer to execute a sine-sweep test:

{1) Bootstrap program
(2) Monitor program
(3) Sine operating program

(4) Data tape program

To prepare a data tape program, only tapes (1) and (2) must be loaded.
An editor/compiler tape program is then entered, and a data tape is edited
according to the desired test profile. The editor/compiler is then used
to punch out a binary (8 bits) paper tape containing the entire test
information; this is the required data-tape program (4).

The editor/compiler program is erased from memory prior to testing
according to a procedure described below. All programs, except for the
data tape, are supplied with the system. All that is required is to
load them in.

4.2 Program Description

4.2.1 Bootstrap Program

The bootstrap program is the routine that reads in the monitor
program. It is required to initiate the computer, and is made
necessary due to the fact that the computer cannot read in any program
unless it is executing reading instructions (i.e., the computer lacks
reading instruction to execute readings). For this reason the bootstrap
program is fed in through a series of control panel switches. It is
the only program not stored on tape.

In this routine only 10 binary numbers are quickly loaded into the
computer. This program is loaded in very infrequently as the monitor

program is usually always in residence.

4.2.2 Monitor Program

This program resides in memory and is required to load into memory
either the editor/compiler program or the sine operating system. It also
contains computer instructions related to various electronic housekeeping
instructions needed by the teleprinter and paper reader.




4.2.3 Editor/Compiler Program

This program translates into machine language a series of questions
and answers used to prepare the data tape. Hence, to prepare a data tape
the editor/compiler program must already be loaded. Since the editor/compiler
program practically consumes the bulk of the memory, no core is available
for computer instructions to carry out the test. This necessitates the
creation of a separate data tape which contains the entire test information.

Initially, the program presents a set of questions that must be
answered to describe the test. The machine asks the questions and the
operator supplies numerical or conversational answers on the teleprinter.
The operator is permitted to erase old entries and substitute them for
new ones. A final, updated listing of all test entries is then printed
out. This information is the hard-copy documentation, and is later coded
in binary language on a data tape. The editor/compiler program also
checks each test entry against the maximum permissible limits specified
for that test parameter.

4.2.4 Sine Operating Program

The purpose of this program is to inform the computer that a sine
test is requested. The program, in effect, carries out the test and
prepares the memory to read in the data tape. When loading in the
sine-operating program, the editor/compiler program is automatically
erased from memory.

4.2.5 Data-Tape Program

This tape contains all test information related to amplitudes,
frequencies, sweep rate, time abort limits, and mode profile, all
binary coded. The computer will automatically control the test according
to the information supplied by this tape. The tape can be used again and
again to repeat the test. However, new data tapes must be edited if any
changes in the punched test are required. Approximately 1 min is
typically required to read a 10-level program tape into computer memory.

4.3 Sine-Test Software Parameters Description—Basic Sine System

The foregoing discussion is related to the software package of the
basic T5001 sine-sweep system. Generally, all digitally controlled sine-
sweep test systems are subjected to similar consideration and restrictions
imposed on their software routines.

4.3.1 Test Identification

A free field block permits the operator to enter identifying
information up to 72 characters in length. This identification section
consists of five lines in which data must be entered for each line or an
error will occur. The identification section will be punched on the
beginning of the data tape to provide fast identification of the tape.
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4.3.2 Frequency Range

The sweep sine testing may be defined over any continuous range
between 0.5 and 16.0 kHz.* The operator is requested to specify the
following frequency parameters:

(1) Lowest test frequency

(2) Highest test frequency

(3) Sweep starting frequency

(4) 1Initial sweep direction
These entries are tested against the minimum and maximum permitted
frequencies. The system sweep is logarithmic in both up-sweep and
down-sweep modes. The digital system is capable of specifying frequency

to 0.1 percent of point.

4.3.3 Transducer Sensitivity

The operator is able to specify accelerometer sensitivities in
both millivolts/g and picocoulombs/g, depending on whether voltage or
charge sensitive line drivers are used. Th<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>