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SUMMARY

A Random vibration, a test screen found to be extremely effective for

. disclosing workmanship problems in various equipment, is 3-7&?9, exti-emely

) expensive to generate. mm—ecucetvei a technique for economically
producing random vibration utilizing an audio tape deck as a signal source.

o The concept was proven feasible on a production basis.

, This study was undertaken to refine the technique, establish its
B validity for universal application and prepare a step-by-step procedure for
its implementation. /

’ 4 series of laboratory tests was conducted on various electronic
units to evaluate variations in hardware and determine what impact this could
’ ’ bave on the overall approach. In addition, tests were also performed on basic
t . test equipment and tape decks to; establish any inherent performance limitatioms,
, | assess the potential effect on the technique, and develop the compensating
t‘_" ' factors necessary to mitigate these problems.

The results obtained indicate that while some variations were
' * apparent between items of generically identical manufacture and certain test
equipment idiosyncrasies existed, compensating factors could be developed to
account for these differences. Utilization of the required factors in the
- construction of a synthetic random tape permitted the generation of randam
i vibration on actual hardware within acceptable tolerances.

i

# 4 detailed procedure was prepared delineating the steps required to
construct a synthetic random tape and to employ this tape to conduct random
vibration acceptance tests,

f»
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1- INTRODUCTION

1.1 BACKGROUND

The use of random vibration as a screen for latent workmansghip
problems normally found in avionic equipment, has proven to be significantly
more effective than the sinusoidal form of excitation normally employed. This
fact has been demonstrated by Grumman and other organizations and is now re-
quired for scceptance testing by NAVMAT INSTRUCTION 3000.1A and MIL-STD-781C.

The major deterrent to universal acceptance of this technique is the
impact this type of test would have on program costs since a random vibration
facility is extremely expensive., The development of a technique which permit-
ted economical generation of random vibration, would eliminate the high cost
factor normally assoclated with this type of test.

There are currently several industry investigations being conducted
to develop new, inexpensive random vibration generating systems. As a viable
alternate to the development of totally new systems, Grumman has evolved a
technique which capitalizes on the fact that most equipment manufacturers main-
tain electrodynamic sinusocidel test facilities and was structured to utilize
these existing capabilities., This approach, which employs a $500.00 audio
tape deck in lieu of $40,000 worth of standard random programming devices to
excite the shaker system, is predicated on the fact that sine response data can
be used to predict random transfer characteristics. The technique which was
developed successfully and applied on 2 production besis is sccomplished as
follows:
0 The system transfer characteristics to a 1.0g pesk sine
sweep input are recorded (Fig. 1).
© The synthetic random spectrum characteristics are
calculated by adjusting the required random spectrum
as a function of the transfer characteristics obtained.
o The resulting synthetic spectrum is recorded on tape
(Fig. 2). :
o The tape is then used to drive an electro-dynamic shaker ,
system (Fig. 3). 4

—— ..-V..T.‘.-’..._. U,
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K 1.2 OBJECTIVES

The preliminary work accomplished showed that the technigue was
conceptually feasible. The principal objectives of this study were to:

o Verify that the approach was valid for universal

; application.
’ 0 Refine the technique and establish required factors and
tolerances.
© Select and evaluate suitable commercially available sudio
tape decks.

o Prepare a detalled procedure which would permit implementation
of the technigue.

1.3 Approsch
The total effort was divided into two tasks. Task A was structured

to confirm the practicality of universal application of the technigue and
Task B was established to refine the concept and prepare a detailed procedures
| ) " document.
' Task A included the following interrelated activities:
0 A series of tests was conducted, using a mass mock-up of
a computer, and audio tape decks, to confirm the overall
approach and assess any variations occurring due to extended
operation.
o Variations in dynamic characteristic of generically identical
and generically different electronic equipment were evealuated.
This evaluation was performed to determine the range of variations
that could be expected in response data, the magnitude of transfer
errors and the need for and type of compensating factors reguired.
A comprehensive review of cassette tape decks and tapes was
undertaken to select units potentially suitable for use with
the technigue. These items were thoroughly evaluated to determine
inherent linearity and error .characteristics and variations
that might be time related.
© Additional tasks included:
- Investigation of various shaker system characterisgtics

; .
Jtel
o]

S

v g

, and their impact on the program.

Low

-~ Study of controls necessary for ovpen loop operation.
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Task B included the following activities:

[}

Preparation of synthetic random tapes was accomplished for
six different production units in one to two different
test axes.

Random vibration tests were performed on multiple

samples of these production units using the random

tape technique.

Analysis of the test data was undertaken to determine
the test tolerances that could reasonably be maintained.
An ir :stigation of ocut-of-tolerance test results was
conducted to determine the cause of the problem, and
establish methods of compensation or correction for these
conditions.

Evaluation of test techniques to be applied in the re-
cording and use of the test tape was performed and a
detail procedure for application of the technique was
prepared.

Continued evaluation of commercial stereo cassette tape
decks was accomplished to determine if their frequency
response characteristics and long term stability would
satisfy progrum requirements.

The validity of the test procedure was verified by

test laboratory personnel within Grumman, who were not
involved in the technique's development.




2 - TECHNICAL DISCUSSION X

2.1 INTRCDUCTION

As previously indicated this study was accamplished in two
separate phases, Task A and Task B.

o Task A included the following investigations: ]
- Mass Mock-up. /
- Baseline Transfer Characteristies
- Shaker System Variations
- Open Loop Operetion
- Tape Deck

o Task B included the following investigations:
- Evaluation of Production Hardware

Tape Decks - Evaluation

Preparation of Procedures

Verification of Procedure

The evaluations and investigations conducted and the results of
these efforts are presented in the following sectioms of this report. %




2.2 TASK A

2.2.1 MASS MOCK-UP INVESTIGATION

In order to develop and refine the techniques necessary for the
preparation and performance of random vibration tests using synthetic
tapes, an extensive evaluation was performed on a computer mass mock-up.
Over 100 individual vibration test runs were made with this unit to

. identify significant parameters, and to develop and experimentally verify
‘ the technical methods and procedures utilized.

2.2.1.1 Test Article

The unit used in these tests is a very exact mass representation
of an in-flight computer. This mass representation is complete to the
circuit board level. Circuit board components have been simulated by
small metallic representations glued to the boards. All electrical connectors
and major wiring bundles have been included.

The Mass Mock-up weighs 40 1bs. and measures 13" x 13" x 7". It
mounts on a flat surface using two spade lugs on the rear which slide into
retainers, and two 1/L" dia. screws in a self-aligning spherical fitting
designed to hold the unit in place. This type of mount 1s typical for
replaceable electronic assemblies.

‘ 2.2.1.2 Test Set-up

All tests were performed on an MB model C-25H shaker (rated 1700 1bs.
RMS force capacity - random) and an MB model T-351 Power Amplifier (rated
6KVA). The random control console used was a Ling Model ASDE-80 systenm,
while the sinusoidal vibration control console was a hybrid system composed
of a Spectral Dynamics Model 10kA Sweep Oscillator and a Model 10SB Servo

Controller. See Figures 4, 5 and 6 which depict the test set-up pictorially
and schematically.

2.2.1.3 Test Description

» 4 The following paragraphs describe in detail the specific tests
that were conducted during this investigation. Testing consisted of 106
individual runs made on 20 calendar days. A detailed log was maintained

1
ﬁ
! by the laboratory personnel and a chronological summary of the log is
’ 1 . Presented in Appendix A.

-y - - - e e e g T e
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Test operations with the mass mock-up were divided into the
following categories for convenient, separate consideration:
© Dynamic characteristics of the mass mock-up
and shaker system.
Sinusoidal vibration testing technigques.
Random vibration testing with taped input.

Preparation and testing with synthetic
random tape.

a. Dynamic Characteristics of the Mags Mock-up and Shaker System -

Several sinusoidal test sweeps were made over the frequency range
of 20 to 2000 Hz. at amplitudes between 0.5 and 2.5g (peak) in order to
measure the dynamic characteristics of the system. Four significant resonances Ii
were found:

(1) 213 Hz. - axial tie down resonance - relative

gain 10.5 @B.

(2) 780 Hz. ~ lst rocking mode - relative gain
5.5 dB.

: (3) 1620 Hz. - major rocking mode - relative gain
23.5 dB.

- (L) 11»770 Hz. - 3rd rocking mode - relative gain
» 'S d’.

(Note: Relative gein is a measure of maximm to minimum output voltage at a resonant
frequency).

Additional test runs were then made to determine the effect of
variations ininstallation on these resonances. Only two parameters would
normally be variable in the setup:

" (1) torgque on the two tie down bolts.
Y (2) aligrment of the unit in the mount.

N

_ : Test runs were made with tie down torques of 25, 50 (nominsl) 4
and 75 in. lba, without any significant effect on the measured resonances. J
The MASS MOCK~UP was centered in its mount for these runs.

A second series of runs were made with the MASS MOCK-UP forced to i
an extreme left, center (nominal) and right position in its mount with a { :
nominal bolt torque of 55 in. lbs. The only measurable effect was at the ,
major rocking mode (1620 Hz). The resonant frequency varied between 1605 and k




1635 Hz. (A = 30 Bz.) and the relative gain between 16 dB end 25 4B

( A= 9 dB). A compensation factor for this frequency shift was derived
and used in the calculations for the synthetic random tape as explained
in subsequent paragraphs.

, b. Sinusoidal Vibration Testing Technigues
The principal efforts during this phase were directed towards
the following:

(1) performing sine sweeps with unfiltered
control accelerometer.

(2) determining the magnitude of non-linearities
in sine response.

(3) using taped sine as verification of the random
test setup.

The advantage of performing the sinusoidal vibration sweep

(to obtain sine transfer characteristics) with the control accelerometer
unfiltered is that it ainimizes the amount of test equipment a lab needs
to perform this test. Several test runs were made with control both
filtered and unfiltered with no significant effect on the measured transfer
function (E/g). There is one minor problem associated with using unfiltered

) accelerometers when the taped sine sweep is played back thru the shaker

) system. This problem is manifested in the control accelercmeter waveshape
which becomes complex and noisy near resonant frequencies end is measured
differently by different peak detecting devices and meters. It is suggested
that average detecting measuring systems be used in the control and play-

) back modes to provide closer correlation during playback. This is an area

. that will be investigated further during Task B.

s S

An investigation was conducted to determine the effect of non-
linearities in the sine response on the transfer characteristics. Two sine
runs were made from 20 to 2000 Hz. and the sine tranafer characteristics

determined. The first sweep was made at an amplitude of 1.0g peak (which {
is the standard level we have used throughout the program) and the second
at an amplitude of 2.5g peak (which is approximetely equivalent in peak ﬁ

amplitude to the 6g rms random spectrum). The transfer functions (E/g)
of these two runs were compered with that of a servo-controlled random test
run and errors in the sine runs computed. It was found that the average

3".
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error oSvar the frequency range was + 1,70 d3 for the 12 peak sine sweep and
+ 1.64 a3 for the 2.5g peak sine sweep. The only significant difference
occurred at the tie down resonant frequency (213 Hz.) where the lg peak
sine transfer function had an error of + 6.9 dB compared to + 2.5 dB

error for the 2.5¢ peak sine data. This non-linearity is due to the
increase in damping with amplitude at lower rreq{zency resonances.

A compensation factor for this non-linearity was derived and used in the
calculations for the synthetic random tape as explained in subsequent
paragraphs.

A limited evaluation was made when using the taped sine sweep
to verify the random test setup. It was found that replaying the 1.0g
peak sine sweep tape through the shaker system provided extremely accurate ¢
data on slight changes in the dynamic characteristics of the system. For
example a - 15 dB drop out at the major rocking mode (1615 Hz.) (when
playing back the sine tape) had an equivalent drop out of only - 3 dB at
this frequency when playing back “r- random tape. This is due to the
fact that the random spectrum is averaged over a wide bend (50 Hz. in
this case) while the sine data razrsv.2s & single distinct frequency.
While this does not diminish the usefuiness of the sine tape in verifying
the setup, it points up the need 7'or improving correlation between the sine
and randor data.

c. Random Vibration Testing With Taped Input

Initial taped random tests were performed by recording the
random output voliage of servo-controlled random tests and subsequently
playing these back through the shaker system. Three different tape decks
were used in this phase of the program:

(1) Ragra III (reel to reel type - 7-1/2 i.p.s. tape
speed).

(2) sony El-7 (Elcaset type - 3-3/L 1i.p.s. tape speed).

(3) Hitachi D3500 (cassette type - 1-7/8 i.p.s. tape
speed)

Results of these tests uncovered nc cperational problems associated with
driving the shaker systam with taped random noise. Random spectrums

pRY




were uniformly within * 3 dB of nominal except for a low frequency roll-
off problem on the Nagra recorder.

d. Preparation and Testing With Synthetic Random Tape

Preparation and utilization of the synthetic random tape was
scheduled for the latter part of Task A in order to permit evaluation of
gignificant perameters and derivation of methods to compensate for them
in the synthetic random tape. A single tape was prepared using the Sony
El-7 recorder and played through the shaker system five times for verification
of the spectrum. All spectrums were within = 3 dB of nominal. The
formulation and preparation of this tape has been described in some detail
since it does represent the end product of this study program. The discussion
was divided into three sequential phases:

o formilation of the synthetic random spectrum.
synthesizing and recording the random spectrum.
test operations with the synthetic random tape.

(1) PFormulation of the Synthetic Rendom Spectrum

The first step in this process was the measurement of the sine
transfer characteristics for the system. For this purpose, data from one of
the many lg pesk sine sweeps made on the MASS MOCK-UP (chosen at random),
was used in the calculation. Figure 7 is a plot of the ocutput voltage and
acceleration recorded during this test run. The average amplitude of the
voltage and acceleration in each of 83 bands was read from these plots and
recorded. Figure 8 shows a portion of the tabulation sheet used. The sine
transfer function (E/g) in each bend was calculated by subtracting the re-
corded peek acceleration (g) from the recorded cutput voltage (E) and
entered in the 3rd column of the tabulation sheet. (It should be noted that
all data is handled in the logarithmic form (dB) so thet mulitiplication
and division can be simplified to computations involving only addition and
subtraction).

The second step in the formulation is the addition of compensation
factors for variances and non-linearities in the system. Three compensation
factors were included:
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(1) Tape recorder characteristic:® 1 dB gain from 20
to 2000 Hz.

(2) KNon-linearity due to damping: . 3 dB at the tie
down resonant frequency 213 Hz.

(3) Variance in resonant frequency: reduced the E/g at
the three major resonant frequencies (213, 763,
1638 Hz.) to the mean of each and its two adjacent
bands.

The compensation factors were added to the E/g in each band to yield a
final corrected sine transfer function in column G, In column H the
required random g/Hz. in each band is tabulated. (This is the nominal
6.0g rms spectrum used in all tests - refer to Figure I). The corrected
sine transfer function E/g in each band is then added to the required
random function g/Hz. for each band to generate the synthetic random
voltage (E/Hz.) in each band. (Column I in chart).

The final step in the calculation is to normalize the
synthetic random voltage (E/Hz.) expressed in dB to terms of ge/Hz s0
it can be programmed into the automatic random egualization system, and
the actual voltage spectrum generated. This is accomplished by establishing
a dB reference such that all values of the synthetic random spectrum are
within the analyzer range of the ASDE 80 System (.00l to 10.0 g>/Hz ).
The reference used was 0 dB = .125 gz/Hz. The synthetic random voltage
in each band was normalized in this manner and tabulated in éolumn J
on chart. A plot of the synthetic random voltage (un-normalized) is
presented in Figure .J.

(2) Synthesizing and Recording the Random Spectrum

For this step the automatic random system was operated in a closed-

loop mode, i.e.,, the cutput of the rendom equalization section is fed
back into the analyzer section. The random system was then programmed to
the normalized random spectrum derived in the previous step. The output
voltage was analyzed with a spectrum analyzer and compered to the required
voltege plotted in Figure 10. Minor adjustments were then made to the
program to correct anmy slight deviations. The random output voltage was
+then recorded on a Sony ElLcaset tape. Approximately ten minutes of this
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random spectrum was recorded. The t8pe was then played back into
the spectrum analyzer to verify the spectrum. No errors in the taped
spectrum were found.

(3) Test Operations With The Synthetic Random Tape

As previously noted the synthetic random tape was played through
the shaker system with the MASS MOCK-UP, a total of five times. In two
of the test runs the MASS MOCK-UP was forced to the extreme left and then
right side of jits mount since this had been shown to have the most
significant effect on the major rocking mode frequency. Spectrum analysis
of these five runs showed them all to be within + 2 and - 3 dB of nominal
test level. (A typical spectrum analysis for one of the rumns is shown in
Figure 11).

The test results to date completely validate the methods utilized
to synthesize the random tape. As demonstrated, compensation factors for
various considerations can be readily applied and would appear to yield
satisfactory results. More exact formulation of these compensation factors

were undertaken during the evaluations conducted in Task B.

2.2.2 BASELINE TRANSFER CHARACTERISTIC INVESTIGATION

The purpose of this investigation was .o review response
data taken on various electronic equipment to determine the variability be-
tween units and the need for corrective factorwy to be utilized when defining
a synthetic open loop taped random spectrum.

It has already been shown that the random synthesization technique
is feasible on a one-for-one basis, as stated in paragrsph 2.2.1 herein. The
necessity for a more comprehensive analysis of the response data stems from
the implementation methodology implicit im the technique. In actual practice
only one sample of a particular generic type of equipment will be available
for evaluation, i.e., the 1.0g peak sine sweep response curve, necessary to
establish the equipment/retention fixture/shaker system transfer characteristics

.
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{ will be generated for that sample only. Since a synthetic random spectrum
is based on the characteristics of that specific sample, it is conceivable
that response data of other units of the same generic type might exhibit
higher or lower response characteristics. This may therefore dictate the
application of suitable adjustment factors.

In order to evaluate the feasibility of applying the
synthetic random spectrum technique over a broad range of test articles
in day to day laboratory operations, a program was initiated to measure the
dynamic transfer characteristics of a large and diverse population of
electronic assemblies. The Envirommental Test Laboratory located in the
GAC Avionics Center, Plant 08, was chosen for this investigation since this
laboratory routinely performs 200 random vibration tests a year on avionie
equipment associated with GAC aircraft programs. For this study,data was
acquired on only the more frequently tested electronic units (see Appendix B),
to assure the acquisition of enough data for statistical analysis of the results.

‘ Four electronic units were chosen:

Unit # Equipment Type
’i 1 Data Cenverter
" 2 Programmer
3 Multiple Display
4 Computer

2.2.2.1 Data Acquisition and Anslysis

Simisoidal and random vibration data was acquired on each
of the electronic equirment types by subjecting each of the units to the
N following tests:
o Sinusoidal

1l A sweep was performed from 20 to 2000 Hz. at a constant ,
! level of 1.0g peak. The sweep rate was ocne octave/min. {
. .
P o Random
A Two curves were generated, applying the spectrum shown in
. Figure 9, as follows: k
5
A E
- 3
23
.




(a) One minute at half power (approx. 3.0 Grms)
(b) Five mimutes at full power (approx. 6.0 Grms)

During each of these test periods two parameters were recorded:

(a) Control acceleration.
(b) Mixer/amplifier output voltage.

This data was subsequently analyzed using a Real Time Analyzer with

5 Hz. bandwidth filters, and X-Y plots were made of amplitude versus
frequency. A typical plot (for the mass mock-up) is shown in Figure 7. .
A block diagram for the test setup is presented in Figure 6.

Since a considerable amount of data was generated, several
computer programs were writiten and utilized to expedite the evaluation. |
The initial program digitized the X-Y response curves (both the ]
acceleration (g) and mixer/amplifier voltage (E)) for each of the 83 frequency
bandwidths, with each point representing the amplitude at the center frequency
of the bandwidth. The output of the program produced an {E/fg ) relationship
value required for further analysis.
A second program was written to provide the mesn ('::‘./g)2
value for each of the individual units and alsoc the generic means for each
of the equipment types examined. This program also provided a common base for
accurate evalustion and comparison purposes, necessitated by the fact that
some shaker control input variation existed. This variation occurred since
the dats was acquired over several months, and normal day to day differences in
shaker system controls were reflected in the overall level of the mixer out-

put voltage. Normalization to & common mean level was provided by the second
computer program, which established & normalizing factor (generic mean divided

by unit mean) which was then applied by multiplying esch of the 83 bandwidth values
for all units within e generic type. The resulting correct (E/g) relation-

ships were then processed to determine the maximum, minimum and meen

values for each bandwidth. The program also identified the specific unit

(by number) associated with the meximum and minimum values. A graphic re-
presentation depicting the sinusoidal response relationship between maximum,

mean and minimum values was plotted in frequency (Hz ) versus (E/g)2 values.

These curves are shown in Figures 12,13, 14 and 15. An additional curve

2k
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(Figure 16) for unit Type #2 was generated to examine the random vibration
i transfer charscteristics and permit sine-random comparisoms for one generic
! type of equipment.

2.2.2.2 Results of Analyses

Examination of the sine data (Figures 12, 13,24 and 15) for
each of the generic types investigated, indicates an insignificant (average
less than 1.0 dB) variation in response level over the total bandwidth except

: at equipment and fixture resonances. The variation at resonant conditions R
averaged 3.0 dB. This level of variation can be accounted for during the ‘
development of the synthesized random test profile and its feasibility has

i been demonstrated in the mass mock-up discussion (reference 2.2.1).

The minimal overall variation plus the demonstrated practicality
of accounting for resonance variations confirms the fact that for any equipment '
type, one sinusoidal frequency sweep can be utilized to represent the trensfer
characteristic of that generic group.

It should also be noted that a 5 Hz. filter (extremely narrow)

( was utilized for both random and sine data during this investigation in orcer
to obtain very precise data. In actuel practice, random analysis filter band-
widths in the range of 25 to 100 Hz. are permitted by Military Specifications.
Data averaging over this wider bandwidth significantly reduces the amplitudes
of narrow resonant peaks.

A review of the random vibration data acquired on unit type #2,
again indicates an insignificant variatiom throughout the 20-2000 Hz. range

except at resonan: conditions. This variation is even less than the sinusoidal
variation for the same unit type and indicates that the 1.0g peak sine level
input, used for response determination can be used and appears to have minimal
: aon-linear input level effects.

a factor necegsary to correct this variation, must be considered. A review
of this variation was conducted by examining resonan® frequency shifts for the
various units studied. Preliminary indications are that a tolerance btand of

aporoximately = 3% should be provided for frequencies telow 1C00 Hz., and a
value of approximately + 5% applied between 10C0-2000 Az.

t
' j Since some variations occur in resonan:i zondition frequencies,
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7o determine the approximate level of transfer error
existing between the developed synthesized random spectrum and the
required random spectrum, a comparison study was completed for one of the
generic iypes of electronic equipment, i.e., Group #2. This study compared
the maximum and mean value for the sine and random (E/g)2 velues at .
each bandwidth and concluded tha®t the maximum variation in resomanit frequency
bands was approximately * 3.5 éB. As previously indicated this situation
can be compensated for in the development of the syntkesized random spectrum.

Turther tests and data analysis undertaken in Task B finalized

the correction factors necessary relating to the level and frequency variationms.

2.2.3 SHAKER SYSTEM VARIATIONS
During this program phase four different electrodynamic shaker

system arrangements (see Figure 17) were utilized in obtaining equipment
response data. No significant problems were encountered with any of the
systems or set-ups employed. In order to evaluate variations due to extended
usage an in-depth study was made of the characteristics of one shaker systenm
to assess any changes occurring cver a long time period. It wes important
that relatively stationary characteristics were maintained to minimize the
need for additional compensation due to shaker systems variation.
This investigation included two basic evaluations:
(&) Shaker system characteristics as a function of <ime.
(b, Shaker syster characseristics with variatle operationel

varameters.

2.2.3.1 Shaker System Characteristics As a Punction of Tire

For this series of tests “he MB model C25:B Sheker (rated
2300 1bs. RMS force capacity - random), driven by the MB model T-666 Power
Amplifier (rated 15 KVA) was used. The shaker was attached <0 a GAC oil
£ilm slip table <o which only the fes%t fixture for the test article haé
been bolted. A 1g peak sine sweep with the empty fixture was made and
sine transfer characteristics determined. Eight sins runs were made,

distributed avenly over a six month period. XNo special attempt was




Fig. 27 -~ Shaker Systems Used In Program

Mass Mock-up & C-25H shaker head (rated 1700 1lbs RMS force capacity -
Unit # random) and T351 Power Amplifier (rated 6 KVA)

Unit #1 C-25HB shaker head (rated 2800 1lbs RMS force capaciiy -
Unit #3 & # random) with oil film slip table and T-666 Power

Amplifier (rated 15 KVA)

Unit #5 C-10 sheker sysiems (rated 850 lbs RMS force capacity -
i Unit #e rapdom with flexure table and T351 Power Amplifier.

Unit #7

Mass Mock-up & C-10 shaker heed and T351 Power Amplifier

Unit # " "

Unit #7 " "

Unit #2 " "




made to duplicate the setup from test to test,except that a~rmally required
by good laboratory practices.

Sinusoidal data plots for each run were made in the normal
manner used for production hardware. For the purpose of this investigation
data was read from the plots at 7 different frequencies which represent the
minimum and maximums of the transfer function. The amplitude at each data
point was normalized to a O dB reference at 600 Hz. to account for minor

variations in system gains and instrumentation calibrations from run to run.

The maximum variation in resonant fregquency was + 29 Hz
and - 14 Hz with an average max/min variation over the seven freguencies
and 8 data plots of + 12.5 Hz. This represents only half s bandwidth with
the random equalization system which is used in synthesizing the random tape, '

and as such would be considered insignificant.

The maximum variation in the %ransfer function (E/g) was
+ 2.1 dB and - 2.3 dB with an average max/min variation over the seven
frequencies and 8 data plots of + 1.3 dB. Considering the sensitivity of the
sine run compared to the random run, we could expect a random spectrum variation
of less than 0.5 &B.

2.2.3.2 Shaker System Characteristics With Variable QOverational Parameters

In order to evaluate the effect of shaker system gains on the
dynemic characteristies of a setup, a series of 1.0g peak sine sweeps were
made using the MASS MOCK-UP, For these tests, the MASS MOCK-UP was removed
and the shaker system operated with only the test fixture bolted to the
shaker head,

The shaker system as previocusly noted is composed of an
MB C-25H shaker and an MB T351 Power Amplifier. Only two variables are
readily controlled by the operator of the system:
(a) Shaker field current - which is directly proportional
to force vwhich the shaker can develop.
(vb) oOutput tube plate voltage - which is directly proportional
to the output voltage and inversely proportional to the

outmut current of the power amplifier.




A third variable was alsc included in this test, tightness of control
accelerometer, Although it is unrelated to system gain, it is a variable
that could be easily introduced into a test setup and result in possible
errors in the transfer function.

Four test runs were made with the mixer output voltage
recorded in each. The variable in each run was as follows:

(a) Nominal test conditions.

(b) Control accelerometer only finger tight.

(¢) Shaker field current 25% below nominal.

(d) Output tube plate voltage 15% below nominal.

The relative gain of the mixer output was measured at the four major
resonances with the following results:

760 Hz. 1550 Hz. 1615 Hz. 1765 Hz.
Run #1 (nominal) 4.5 aB 19.5 @B 6.2 dB 7.k a8
Run # (accel loose) 4.3 dB 17.3 @B 7.6 dB 9.6 aB
Run #3 (-25% field) 4.7 4B 19.7 &B 5.6 4B 7.7 4B
Run # (-15% plate) L.8 an 19.2 48 6.L as 8.0 dB

The variations in system gain (Run #3 and k) have & negligible
effect on transfer characteristics with a worst case of 20.6 dB from nominel.
The looseness in the control accelerometer has a more significant effect at the
higher frequency rescnances: + 2.2 4B from nominal.

In summary, the result of these and other tests with this
shaker system lead to the conclusion that minor variations in system parameters
have little or no effect on i{ransfer characteristics. The significance <o the
taped random technique is two fold:

(a) Normal degradation of system gain due %o agiag of components
will not be a problem.

(v) Reguirements for exact duplication of all system parasmeters
in each test setup can be relaxed.

It should be noted that these results are preliminary since they involve a
single shaker system. A more extensive evaluation of all three shaker systems
will be undertaken in the next phase of the program.

3L




2.2.4 OPEN 10OOP OPERATION

In a standard vibration test facility a servo, utilizing
an accelerometer as g feedback device, is used to drive a shaker system.
This closed loop mode of operation normally provides good control of the
vibration systems power levels, However, if the feedback loop is lost, the
servo rapidly increases the drive voltage to the shaker in an attempt to
re-establish the lost feedback signal level. This can result in overtest
and equipment damage. The open loop mode of operation utilized in the
taped random approach utilizes manual control, wherein the operator becomes
the feedback loop, and should incur no greater potential for equirment damage
than the automatic system. The purpose of this discussion is to review
open loop testing with the taped random technique and demonstrate how levels
can be controlled with a minimum risk of overtest. y

2.2.4.1 Manual Control of System

The essential element of this technique is mamual control of
the shaker amplitude., With manual control a single gain control is substituted 4
for the sine or random servo system employed in most modern vibration systems.
This is inherently a safer system than servo-conirol since problems in the

accelerometer feedback system will not automatically increase the shaker
amplitude as it will in a servo system. The main disadvantage of course

is control speed. Even the most skilled operator could not keep pace with the
quickly changing input voltages required during a constant acceleration frequency j
sweep. However, if the operator is supplied with preprogrammed voltages (rather
than the normal constant voltage from an oscillator) necessary to maintain an
acceleration level, he needs to manually adjust the vibration level only once

at the start of the vibration test. This is the only control the operator

need adjust for the test since all the other control variables have been pre-

recorded on the tape used to drive the system. A control feedback is still
provided to the operator in the form of an RMS meter which indicates control
acceleration and which was utilized in setting the gesin control initially.

This is the heart of the proposed test system and is basically
vhe same for both sine and random testing.
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2.2.4.2 Sinusoidal Testing With Taped Inmput

Preparation of the sinusoidal tape is the simpler of the
two tasks since it utilizes the original tape which was recorded during
the servo-controlled sine sweep for determination of transfer characteristics.
The essential elements of the servo-controlled sine sweep {during tape
recording) are as follows:

(a) Sweep 2000 to 20 Hz.

(p) Control amplitude of 1.0g peak.

(c) Sweep rate 1 oct/min.

(d) Dwell 1 minute at 2000 Hz. at start of sweep.

As was pointed out in previous sections, the control accelerometer need not

be filtered for this test but if>the equipment is available, it is desirable.

The frequency range of 2000 to 20 Hz. was chosen to provide
transfer functions for the normal range of random vibration test spectrums.
The sweep rate is that normally specified in MIL~STD Qualification Tests
and is slow enough to allow resonant amplitudes to rise to 90 to 100%
of their pesk for accurate transfer function calculations. An amplitude of

1g peek was chose for two reasons:

(a) Small enough amplitude at 20 Hz. (0.05" D.A) to permit
a constant g sweep over the entire frequency range.

(b) Amplitude is well below qualification levels in the mid
and high frequency ranges where variations in test article
characteristics could cause higher level spikes.,

A one minute dwell is recorded at 2000 Hz. at the start of the tape to permit
the operator (when using a tape input to the shaker system) to adjust his
system gain control until he reads lg on his RMS meter. Gain is adjusted

at 2000 Hz. rather than 20 Hz. since any operator error resulting in over-
shooting the lg peak amplitude will have minimal effect on the test article.

During the playback of the tape through the system the
operator will monitor the acceleration level on the RMS meter to verify
that the acceleration stays within required tolerance levels. (These tolerances

s will be developed in Task B of the Program). Graphic recording techniques

; b using osecillographs or X-Y plotters would be desirable in pinpointing problem
o areas but are not considered essential for test operations.

&
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2.2.4.3 Rendom Testing With Taped Input

The technical details associated with preparation of
the synthetic random tape is discussed in depth in paragraph 2.2.1.
Testing operations required utilizing the random tape are identical to
those conducted using the sine tape. The operator increases his gain
control until he reads the correct G rms level (for the spectrum) on his
RMS meter. Since the random noise is a statiocnary process he can start
and stop the tape at any point to verify test article operation and then
resume testing. At least 10 minutes of random noise should be recorded
on a tape.

There is however no method of verifying the test spectrum
during the test without an expensive spectrum analyzer. While this would
be a desirable asset to this procedure, the program method of verifying
the spectrum with a prior taped sine sweep is a viable and satisfactory
alternative.

2.2.k.t Overtest Protection

In any testing operation, the best safeguard is an
alert operator. Utilizing this manual conirol system, the operator directly
controls the vibration level of the system with the gain control. He cen
reduce the level at any time during s test run if he suspects a problem.

One of the potential problems associated with this system
is the use of the wrong tape cassette with a test artiecle, It has been
pointed ocut in the general discussion of this technique that each tape is
tailored for a particuler type of test article for a specific test axis
on a particular fixture and shaker system. The use of the wrong tape would
not necessarily be apparent when running a random test (without a spectrum
analyzer) but would be readily detected with the sine run. For this reason
it is recommended that the sine run be recorded immediately before the random
run on the tape cassette and that a sine run always be conducted prior to a
random test run.

A failure in the control accelerometer feedback will not
result in an overtest as it might in a servo-controlled system. The operator
will immediately detect a loss of signal on his RMS meter and car tura down
the gain and correct the problem.




2.2.5 TAPE DECK EVALUATION

The success and feasibility of the taped random technique was
extremely dependent on the availability of an economical audio tape deck
which could meet the performance requirements of the program. A comprehensive
investigation was therefore included in the study to:

{a) Review specifications for a variety of tape decks and
select a suitable unit.

(b) Procure and test the tape deck selected to verify its short
and long term capabilities.

The operating log presented in Appendix C summarizes the tasks performed during

this investigation.

2.2.5.1 Specification Review

An in-depth review of various audio trade journals provided the
initiel information required to selectively contact equipment menmufacturers and
discuss the program needs in terms of their units performance. In effect,
this review served as a screen which reduced a large number of available decks
to only a few potential candidates. Following this phase of the effort, the
manufacturers of the candidate units were requested to submit specificetions for
review., After a detailed evaluation of this documentation two units were
purchased and subsequently evaluated. Unit number one was a Sony Elcaset
Model EL-7 and was considered the primary candidate since it apparently met or
exceeded all our requirements. The second unit a Hitachi Model D3500,
also met the study requirements, and was purchased to provide a second,mre

economical source for the tape deck.

2,2.5.2 Test and Evaluation Program

Each of the units was initially checked to confirm operational
status after delivery. A limited test program was then conducted to verify
manufacturers claims.

Figure 18 depicts the setup that was used during these preliminary
as well as subsequent tests. Tablel presents the results of the preliminary
tests conducted.

Detailed Evaluation Test Proggam

The tests performed in <his section were selected in order to best
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TAELE 1 - INITTAL, MRASUREMENTS

Specimen: SONY ELceset EL-7 with SLH-60 Type I tapes.
Tests: Operational check of Menufacturer's Specifications.

PARAMETER

MANUFACTUPER'S DATA

TEST RESULT3

Freq. Response

25 - 20000 Hz x34B

20 - 16300 Hz +3dE

Sig. %9 noise ratio

59 dB st peak level

58.6 4B

(DOLEY ¥R off)
Line Input
Line Output

0.095V( -18d8) into 100Kohms
0.775V(04R) into 100Kohms

0.057 VRMS
0.712 VPMS

Lo




demonstrate the tape deck's capability to meet the unigue program requirements.
These requirements can be summarized as follows:

(a) Linear fregquency response over a range of 20 to 2000 Hz.

(b) Useble dynamic range of 4O dB.

{c) Stability and repeatability of tape system,
The techniques normally used in evaluation of audio decks were not employed
since the data would not be applicable to the tape deck fingd utilization. The
tests were therefore modified in order to present more meaningful information
when determining the error contributed by the tape deck in meeting these require-

xments.

I+ should be noted that the Hitachi deck became inoperative afier
a very limited amount of testing and was returned to the manufacturer for re-
pair.
2.2.5.2.1 Freoguency Resvonse Tests

These tests were conducted to determine the magnitude of the
error introduced by the tape deck when the voltages are played back over the
20 to 2000 Hz. frequency vand. They included the following tests:

¢ Frequency Response With Nominel Input Signal

A constant level sinusoidal input signal, indicating O &B on each

recorder VU meter (highest mfg. recommended level for comtinuous

recording) was recorded in a frequency sweep from 20 to 2000 Hz.

The tape was then played back through the spectrum analyzer to

measure the linearity of the recorder. Using the indicated level

at 1000 Hz as the 0 dB reference, the following errors were found

over the frequency range:

(a) Somy EL-7 - + 0.853B, - 0.3dB, ref: Pigure 19.

(o) Hitachi D3500 ~ +1 4B, - 6.5 &B

An exploded view of the low frequency (20 BHz.) response of the recorder
was made using the same O 4B input with the following results:

(a) Sony EL-7 output signal was only - 0.8 dB at

20 Hz. ref: Figure 20,
(v) Eitachi D3300 was not specifically tested at this level.

L1
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o Usable Dynamic Range

In order to determine the change in freguency response as
a function of input signal level, a series of recordings
of a constant amplitude sinusocisal signal were made with
the input voltage in each frequency sweep at -10, -20, =30,
-L0, and -50 dB below the O dB level used in <he rrevious
tests. Response data for the Sony is presented in Tatle 2

and Figure 19.

The results of these tests car be summarized as follows:

(a) Sony - no significant errors introduced when the 4
input signal veries from O 4B to ~4(Q dB.

(b) Hitachi - the response plots indicate significant
non-linearity when the input signal is approximately
-20 dB, with the error incressed by approximately
3 dB at both the high and low frequency.

© Stability and Repeatatility of Tave System

This investigation was performed in two parts to evaluste both
the short and long term variations in the tape system response.
Test data is available only for the Sony due to operational
problems with the Hitachi which were previously noted.

For short term response,a tape (No. 1) was recorded with a sine
sweep recorded at different level as described in previous
paragraphs. is tape was played back and the data analyzed
periodically every few days to determine whether the response
error increases with repeated utilization.

For long term response a similar tape (No. 3) was recorded and
periodically every few weeks, played back and the data analyzed

to determine whether the recorder performance haé deteriorated.
The results of both of these investigations are presented in
Table 2., Uo significant variations were found in either program.
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2.2.5.2.2 Additional Tape System Tests

Several other tests to evaluate characteristics of the tape
system were performed, and are summarized below:

(a) Circuit Loading - & test was run to measure the effect on
frequency response of varying shaker system input impedances,
Loading was varied over a range of 100K to 1K ohms. Both
tape decks are within -4 dB at 5K ohms but drop to -12 and
-7 4B at an input loading of only 1K ohm.

(b) Time Base Distortion - a test was performed to measure time
base distoriion due to such causes as tape stiretch or binding,
variation in tape deck speed, etc. A 100 Hz, sguarewave and &
300 Hz. sinewave were recorded on the Sony. The tape was 1

played back 30 times and the data analyzed to measure actual

freguency. With an analyzer resclution of 1 Hz no freguency
shifts were observed.
(c) Tape Deck Cleaning - an improvement of approximetely C.2 &8
in response error resulted when the heads were cleaned after
60 hours of use.
(4) Doldby Noise Reduction - this tape deck feature is effective only

above 2000 Hz. and had no measurable effect on the data.
2.2.5.3 Summary of Test Results
(1) Hitachi D3500

© TFrequency response &t the low end (20 Hz) indicates

a problem with the level being greater than 6 4B

0 TFrecuency response as a function of iInput signal
deteriorates between -1C and -30 dB

0 Failure of the unit prevented checking the
manufacturers data and of establiching some
confidence of the units long term operation

(2) Sony ZL-7

0 Freguency response of 1 &3 frow 20 to 2 Kiz

0 Tregquency response as a function of input signal
from O B to -L0 dB remains within the # 1 3B band,




© Moderate testing on a day %o day basis does
not cause immediate deterioration of either the
tape deck or the tape.

o All other contingency checks, Dolby,
cleaning, etc., appear satisfactory.

0 Time base distortion does not appear to

be a major consideration.

The design of the Sony tape deck has been considerably aliered
to overcome the dynemic ané frequency response problems of the standard
cassette tape deck, i.e., the Hitachi. The larger cassette (ZLcaset),
stationary beads and higher playing speeds make the Sony closely resemble

a reel to reel recorder.

The results of the evaluation clearly indicate the Sony tape
deck is the superior of the two units tested. The tape deck meets all
the immediate requirements of the program, which was verified during the
sythesizing of the first random tape. The recorded voltage included an
error atiributable to the recorder of = 1 dB. The first and subsequent vlay-

backs indicate the tape deck operation was satisfactory.




2.3 TASK B
2.3.1 EVALUATION OF PRODUCTION HARIWARE
In Task B, the major effort concentrasted on the application of the

taped random technigue to actual production tests. Six different production
electronic assemblies, utilized in two different Grumman aircreft, were
chosen for evaluation based on the frequency of testing in the Flant 8 En-
vironmental Leboratory, Calverton, N. Y. Four of the units wvere tested in
two different test axes in effect providing ten distinct test setups. Ten
test tapes were prepasred and used to perform & totel of 28 individual test
sequences. Appendix B, Task B, tabulates the data for the production
units tested.

2.3.1.1 Preparation of Tapes

A1l tapes prepared for the production hardware were recorded using
the Sony Elcaset Tape Deck. A typical test setup is shown in Figure 15.
Each cassette included the deta for e single type of producticn unit. When
testing was conducted in two axes, the date for one axis wes recorded on
side A of the cassette, and the other exis on side E of the -essette. The
sequence of data recorded on the tape cassette is shown in Teble 3,

2.3.1.1.1 Recording of Sine Sweep for Trensfer Functions

The sine sweep was made at an amplitude of 1.0g peax (with the con-
trol sccelerometer unfiltered) and the frequency swept from 2C00 <o 20 Hz
et e logerithmic rate of 1 octave per minute. The amplitude was servo con-
trolled during the sweep using the unfiltered control accelerometer feedback.
The input voltage to the power amplifier was recorded on the left channei of
the tape deck, and the control acceleration on the right charnel. A one
minute dwell st & designated constant frequency and at an amplitude of 1.Cg
(peak) was recorded on the tape prior to the start of the sweep. This served
as a gain reference for the test operztor when performing the sine *est¢ usin
this tape. 1Initielly, the gain reference frequency selected for all tepes
was 2000 Hz. Unfortunately this initial selection, made early in the pro-
gram, did not produce acceptatle results on 21l production test units. A
aew set of guidelines wes tnerefore derived for the choice of the gain re-
ference frequency end irplemented in preparation of subseguent tapes. These

new guidelines are discussed in par. 2.3.1.3.L.

TANBSLYIE V. W




Tabie 3 Sequentisl Listing of Data Recorded on Tape

. . Elapsed Left Recorder Channel Right Recorder Channei
: Tape Time (P.A. Input Voitage} {Control Acceleration)
No Signal Recorded No Signal Recorded
Sine Signal — P.A. Input 3.0g peak Sine Signal ~
Calibration Voltage (1K Hz typ.) Charge Amptifier (1K Hz
typical)
"’//
/ / No Signai Recorded No Signal Recorded
//,,
3.0 Min Gain Sine Signal — P.A. Input 1.0g peak Sine Signal —
to Reference Voltage Charge Amplifier
4.0 min
4.0 Min Reset Low Level Sine Signal — Low Level Sine Signal —
to Frequency P.A. Input Voltage Charge Amplifier
4.5 Min
4.5 Min Sine Vatying Sine Signal — P.A. 1.0g peak Sine Signal —
to Sweep Input Voitage (freq. 2000 Charge Amplifier (freq. 2000
11.3 Min to 20 Hz) to 20 Hz)
M3Min U772
to W/ No Signal Recorded No Signal Recorded
30.0 Min - &7 /

NOTE: Table above applies to the tape when cassette is placed in recorder with side
“A* marker facing outward. Because of the narrow width and staggering of the
tape heads, a completely separate recording in the reverse direction can be
obtained when cassette is reversed with side “B* marker facing outward. See
illustration beiow.

LEFT
ELAPSED TAPE TIME IN MINUTES TAPE HEAD o -ﬁ
a1 2 3 4 4% 111/3 30
N LEFT A 72 R, mm i
. RIGHT B »\S X\ (\. 3 % P \§§\<§X~W§<§\\<'<§<\<<\\\\Q
RIGHT A 2, 22 ‘ f<<//,-%<¢/</////</////<<////</<
o LEFT 8 )/ D A TTRINS)
CAL GAIN  RESET SINESWEEP RIGHT & =
! TAPE HEAD
L M 2935-.10w
5
A ]
Lg




2.3.1.1.2 Synthesization of Random Spectrum

The sine tapes for each test setup were pleyed back through the
Ubiquitous 44QOA Teel Time Anelyzer using 5 Hz bandwidth filters. This date
was used to calculate the sine transfer functions (E/g) for the test system
; in the same menner as described in para. 2.2,1,3, Task A. The sine transfer
' function in each bandwidth was then modified by the addition of the following
compensation factors:
a. Tepe Deck Response Characteristics
b. Resonance Linearity Factor
Resonance Variance Factor
d. ILower Tolerance Limit Factor
a) The Sony Flcaset Tape Deck which was used for production unit

evaluations has approximately a 1 dB increase in emplitude from 20 to 2000 Hz.
The compensation factor was therefore the inverse of this value i.e., &
+1 4B factor at 20 Hz decreesing to O dB et 2000 Hz.

b) The compensation factor for linearity is intended to correct
for difference in response between a 1.0g (peak) sine run and & £.0 Grms
random test due %0 non-linear damping effects. (Ref. Tesk 4 pera.2.2.1.3)
None were used when production unit tapes were prepared.

¢) The veriance compensation factor is used to correct fer shifts
in resonent and anti-resonant frequencies. It was found in the Task A baseline
study (ref.pare.2.2.2.2),that this shift would normally be in the range of
+3%. A set of rules was derived for the determination of compensetion fac-
tors at significant inflection points in the P.A. input voltage curve. (both
maxima and minime points). These rules are presented in the order in which
they were applied to the precduction unit:

R (1) determine frequency of inflextion point
(2) celculate average sine transfer functiorn (E/g) in the 25 Hz
bandwidth in which the inflection point occurs,end the
, adlecent 25 Hz band on either side (for an inflection point
"t between bands use = 2 bendwidths in average)

e (3) reduce the E/g function %o the sverage value in eny of the
three or four bands where it is erceeded. (reduction is not
to exceed -3 @B)
. ' Tne purpose of epplying only negative compensation factors (E/g will

[
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alvays be reduced) was to minimize the possibility of overshooting the test
level due to = slight shift in frequency.

d) A compensation factor was applied to center the test smplitude
within the tolerance band. The tolerance bend applied to the production
units were obtained from MIL-STD-810C Method 51L.2:

"20 to 500 Hz + 3 dB, - 1.5 @B
500 to 2000 Hz % 3 dB
except deviations as large as = & dB
shell be allowed over a cumulative
bandwidth of 100 Hz meximum, between
500 and 2000 Hz" |
. In order to comply with this lower tolerance limit of -1% dB, a compensetion
factor of +1 dB was applied to the transfer functions below 500 EHz.
The sine transfer function (E/g) was corrected with these compensa-
tion factors and multiplied by the required random test spectrum to deter-
| ’ mine the synthetic random voltage. This random voltage spectrum was then
normalized in terms of g /Hz to facilitate programming compatible wiih “he Ling
ASDE/ESDE 80 Random Control Console which wes used to synthesize the spec-

trum. The formulas ard procedures used in these calculations are presented
in para,2.2.1,3. A sample sine transfer curve is presented in Figure 21
The calculation sheets for the synthetic random spectrum are shown in Figure 22

2.3.1.1.3 Recording Rendom Spectrum on Tape
The synthetic random voltage for eack production unit was recorded

in parellel on both the left and right channel of the tape immedistely after
the sine sweep data on the tape. Where a particular production unit was

~ tesfed in two axis, the random spectrum for the lst axis wes recorded on
side A and the second exis on side B.

i 2.3.1.2 Test Operetions Using The Tape

1 Vibrgtion testing with the taped input was performed on productiocn

o hardware from Grumman sircraft progrems which weas directed to the test Lab
' for Engineering investigation of functioneal problems or verification of re-
pair actions. The units were, for the most part, new production electronic
' ; assemblies which had either not yet teen installed on aircraft, or had been
B removed from the aircraft aefier one or two flight tests.
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All vibretion tests were performed with 2ll bench checkout irter-
face cables connected to the production unit. The initiel unit in eech
series was used to make the sine transfer tepe and then the random portion
of the test was conducted in the normel menner using the automatic rendom
control system. Subsequent production units were tested using the taped in-
put. The test for each item consisted of two runs:

a. Run To. 1 - Taped Sine Sweep

o 1.0g (peak) sine sweep from 2000 Hz to 20 Hz at a

te of 1 octave per minute
> on line plot made of control accelerometer using
Ubiquitous 4LOA Real Time Analyzer with 5 Hz
BW filters.
b. Run No. 2 - Taped Random Run
o 5 minute random test with an overall Grms = 6.3

(see note below)

0 on-line plot made of control accelerometer using
Tbiquitous LLOA Real Time Analyzer with 5 Hz
Bw filters

o recording of control accelerometer made using
Ampex FR-1300 Instrumentation Recorder for
subsequent znalysis with wider egnalyzer filter
bandwidth of 25 and 50 Hz

NOTE: Unit No. 4 was not tested to the nominel 6.0 Grms test

spectrum (see details of special test spectrum for
Unit No. % in pars. 2,3.1.2.2.)

A summary tabulation of all test date taken on the production units
is presented in Appendix B, Task B. A brief description of each
type of production unit which was tested including significent details of
the test setup and data is discussed in the subsequent parsgraphs.
2.3.1.2.1 Unit No. 1 (Converter)

Description of Test Article
This unit is an electronic deta converter useé to convert flight

meesurements to digital format for display on a CRT. It messures 10" W x
22" 1, x 9" 3, weighs 56 1bs, arnd =mounts to & flat surface with two retain-

ing pins at one end &nd two tolted flanges at the other end.
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Descrivtion of Test Setup

The unit was zested in tze "X" axis only,which is an axis parallel
with its longitudinal plane. Testis were performed on a Grummar oil £ilm
51lip table driven by an MB (-25HE shaker (rated 5000 1bs force - sine)

landom Test Spectrum

The random <est specirumr utilized in the test prograx was:

Freguency Range Spectral Density

2C to 30 Hz +3 3d8/o0ct rise to ,Ob gZ/Hz
80 Hz to 350 Hz C.ob gZ/Hz

350 Hz to 2000 Hz -3 4B/oct roll off

Summary of Test Results

total of five units were tested. Low frequency (below 1000 Hz)
test results were universally within tolerances. Out-of-~tolerance ccndéitions
of t 6 d¢B (using narrow band znalysis - 5 Hz) were noted in two of the test
units at 1300 H: and above 1800 Hz, I% should be noted that when analyzed
with the widest bandwidth filters permitted by MIL-3TD-8i0C (1CO Hz above
1000 Hz) %he entire spectrum fails within tolerance. See Figures 23 <thru
26 ).

The initial out-of-tolerance problem was atiributed to a teardown
repair and reassembly of the shaker system wikich occured in the time between
initial sine transfer function recording and the taped random test ca the
fourtk unit (S/N HFR-035). Therefore, a new synthetic random tape was re-
corded using the sine transfer data from this fourth unit (S/N #IR-035).

The test of the final unit (S/N HJR-O37), however, also resulted
in & # 6 dB spread at 1300 Hz. This condition was not noted céuring the taped
sine sweep. The problem was therefore suspected Lo be caused by misalignment
of the slip table due to & break in the oil film a+ higher shaker amplitudes
(6.3 Grms) which did not appear &t the lower 1.0 (pemk) sine sweep armpliztude.
As noted before however, these exceedances fall within MIL-STD-810C tolerances
when analyzed with the wider filters permitted by the specification.
2.3.1.2.2 Unit No. 4 {Computer)

Description of Test Article

This unit is an electronic computer used Lo convert signal data for
: - - - 1) n
use in flizht control and display systems. It measures 13" W x 13" L x 7" H,

weighs L0 Ips, ané mounts to0 a flat surface using two spade lugs which slide
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into retainers, end tvo &" diz. screws in e self eligring spherical fitting
designed to cleamp down tho front of the unit.
1 Description of Test Setup

The unit was tested in the "Z" axis only which is an axis perpendicu-

lar to the mounting surface of the unit. Tests were performed on a MB Model
C-10F shaker (rated 1200 lbs force -sine). A Kimbal Model 5030-3 Head Expan-
der was used to adapt the test fixture to the shaker head.

Random Test Spectrum

This was the only unit, of 211 those tested, that wes sutjected to

vibration using a special random test spectrum:

Freguency Range Spectral Density

20 to 60 Hz 6 dB/oct rise to O.O3g2/az

60 to 400 Hz 0.0332/32

400 to 500 Hz 9 dB/Oct roll off to 0.01552/Hz
500 to 2000 Hz 3 dB/oct roll off to 0.0037g2/Hz

! Overall Grus = 4.9
Summery of Test Resultis

Three units were tested and showed & + 6 to 3 dB ocut-of-tolerance
{narrow Yand anelysis) condition at the unit tie-down resonant frequency of
250 Ez. A comparison of P.A. irput voltages for the sine-transfer urit and
the test unit showed the problem to be partially due to & 2C Hz {down) shift
ir. the resonant frequency. {see itest curves Figure 27 ). Investigstion
mede with the Mass Mock-up of Unit No. 4 in this test setup reveerled thet this
resonant {requency is extremely sensitive to misalignment or misassembly of
the tle-down hardware.
This out-of-tolerance condition, when enelyzed with the side bend
h £ilter (50 Xz) permitted by the MIL-STD-81CCystill resulted in & + 5 4B ex-
ceedance. It was noted in the investigetion of this problem that no lineer-
i ity compensation factor for this resonence had been applied 1n the synthetic

! random calsulation. As a result of the Task A study, & lineerity compensatiorn

N factor of -3 4B had been recommended for this resonance. This would have re-
) sulted in an in tolerance level at this freguency.
2.3.1.2.3 Unit Ne. 5 (Computer)
N Cescription of Test Article
* This unit is an electronic computer used %0 process data for the
v
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flight control system. It meassures 9" W x 15" L x 7" H,weighs 33.2 lbs and
mounts on & flet surface using the same tie-down hardware as Unit No.L, para
2.3.1.2.2.
Description of Test Setup
The unit wes tested in the "X" and "Y" axis which are the two sxes

parallel to the mounting surface of the unit. The "X" axis is in-line with
the mounts (front-rear) and the "Y” axis is perpendicular to the mounting axis
(side-side). Tests were performed on a Grumman flexure taeble driven by an
MB model C-10E shaker. (rated 1200 lbs force-sine).
Random Test Spectrum
(see Pera. 2.3.1.2.1)
Summary of Test Results

A total of three units ( 2 axes each) were tested. All sine sweep
date averaged about + 5 dB high. This was due to a change in the response
characteristics at 2000 Hz which was used for the gein reference frequency in
recording the sine tape. The change was alsc reflected in the random date
which showed a drop off of -6.0 dB sbove 1350 Hz. The test procedure was later
modified to avoid designation of resorant frequencies or high frequencies
(greater than 1500 Hz) as gain references.

One or two narrow exceedances were noted in both exes at 1100, 1300
and 1500 Hz. These were of the order of 4 +o 5 dE and are believed due to
changes in the setup and alignment of the flexure table.

The "X" axis tie-down resonance occurred at 500 Hz and resulted in
only one unit having a slight out-of-tolerance exceedance of +3.3 dB.

The "Y" axis tie-down resonence occurred at 250 Zz. Slight changes
in frequency resulted in narrow exceedances as large &s +7.5/¢17 éB (or the
sine sweep). However, when the random deta was analyzed withea wide terd filter
(50 Hz). the curve at this frequency fall withiz the tolerances. (see test curve
of Pigure 28 through 31).
2.3.1.2.4 Unit No. 7 (Programmer)

Description of Test Article
This unit is an electronic programmer used to control engine

parameters. It measures 5" W x 15" L x 7" H, weighs 1k.1 lbs and mounts on &

flat surfece using the same tie-down hardware as Unit #b4, pars. 2.3.1.2.2.
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Description of Test Setup

The unit was tested in the "X" and "Y" exis which are the two axes
parellel to the mounting surface of the unit. The "X" axis is in-line with
the mounts (front-rear) and the "Y" axis is perpendicular to the mounting axis
(side-side). Tests were performed on a Grumman flexure table driven by an MB
model C-1CE shaker (rated 1200 1bs force - sine).

Random Test Spectrum

(see Para. 2.2.1.2.1)

-

Summary of Test Results

A total of three units (2 axes each) were “ested. All sine sweep
data averaged about +4 dB high. This was due to the use of 2000 Hz as the
gein reference frequency (2s discussed in pars. 2.3.1.2.3 for Unit Ne. 5).

High frequency exceedances in the range of 3 to 5 dB were encountered

at several frequencies sbove 1100 Hz. These are suspected to be due to varie-
tions in flexure table setup and alignment. Since they zre extremely nerrow,
they would probably be within tolerance when arelyzed with the wider filter
bandwidths (100 Hz) permitted by MIL-STD-810C.

Low freguencies [less than 100C Hz) were all within tolerance. The
tie-dowr resonance in the "Y" axis at 210 Hz showed a slight shift in two of
the units but remained within tolerance.
2.3.1.2.5 Unit No. 2 {Computer)

Description of Test Article

This unit is an electronic computer used in the automatic flight con-
trol system of the aircraft. It zmeasures 5" W x 16" L x 7" ¥ weighs 14.7 1bs
and mounts on 2 flat surface using the seme tie-down hardwere es Uni4 No. &

para. 2.3.1.2.2.

Description of Test Setup

The unit was tested ir the "X" and "Y" axis which are the “wo axes
perallel to the mounting surface of the unit. The "Y" axis is in.line with
the mounts (front-rear) and the "Y" axis is perpendicular to the mounting axis
(side-side) test was performed on & Grummen Slexure table driven by an MB
model C-1CE sheker (rated 1200 1lbs force - sire) 7

Pandom Test Spectrum

(see Para. 2.3.1.2.1

adia PR VR
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Summary of Test Results

A total of three units (2 axis each) were tested. All size sweep
data averaged +5 4B high due to the choice of 2000 Hz as the gein reference
frequency s discussed in para. 2.3.1.2.3 for Urnit Ne. S.

Iow frequencies (less than 1000 Hz) were gll within tolerance. The
tie-down resonance in the "Y" axis at 240 Hz showed a slight shift in two of
the units but did not reswlt in an out-of-tolerance condition ir the random
tests.

A high frequency arcr out of greater than -¢ 4% wes noted in all wnits i
zbove 1750 Hz. The protlem appeared to te due to the alignment and setup of
the flexure table as noted rreviously. Tests conducted with the fixture only
showed that gross miselignment of the flexure tzble would shift resonant fre- 1
quercies up to 100 Hz and distort the sine transfer curve significantly.
2.3.1.2.6 Unit No. 8 {Sigmnel Data Converter)

Description of Test ticle

This unit is ar elecircnic = Y Gata cenverter used with CRT dis-
plays for flight deta. It measure 7.5" W x 26" L x 93" E, weighs £0.41 1be
and mounts on two flat reils located on the botiom of the unit (along its
longitudinel axis). I% is fastened %o the reils with four 1/4" dias. screws
secured through mounting flenges on the unit.

Description of Test Setup

The unit wes tested in the "X" and "Z" axis. The "X" exis is peral-
lel to the mounting reils and tottom surface of the unit. The "X" exis test
was performed on & Grummar o0il film slip table driven ©y an ME model C-25EE
sheker (rated 50CO lbs force - sine). The "Z" axis is perpendicular to *he

mounting surface of the unit. The "Z" axis test wes performed on the ME mcdel
-] >

fu

I-25E% shaker {rated 350C lbs fcrze - sine).
fandom Test Spectrum

{See Para. 2.3.1.2.1)

Summery of Test Results

One uni% was tested (2 axis test).
The low frequency (velow 1000 Hz)} in the "X" axis was within tolerence.

™o exceedences were noted (nerrow band anelysis) in the "x" axis stove 10QC

Zz. The Tirst was +4 32 at 1200 Hz which would be within tolerance wish the

wider filter analysis. The saccnd was a +1Z IB exceecance at 137D Hz.




This level would also be reduced using the wider filters and was probarly due
to slip table alignment as discussed ir para, 2.3.1.2.5.

The "Z" axis test resulis were within tclerence only up to 600 Zz. Mos<
of the problem with this unit were atiributed to poor fixture design ard
assembly errors. The fixture cverhangs the shaker heed with a resultant sharp
fixture resonance at 1060 Hz. The mass distribution with respect to the
shaker head was unsymmetrical requiring the sdditiorn of a counterweight which
created additional resonances. The use of rubber damping material velow the
counterweight further compliceted the system. A complete fixture redesign
was indicated.
2.3.1.3 Analysis of Results

The overall results of the test on production hardware were success-

WP

ful. Of the twenty eight tests that were rur, only one yielded unacceptable
results. Most of the problems encountered were due to lack of precision in
duplicating the mechanical test setup. These and other procedursl provlemxs

encountered were discussed end incorporated in the detailed procedure (fLppen-

dix O ) which also described the techniques to preclude such problems.
The discussion of the test results are divided intc the follswine secticen:
2. Method of data analysis

b, Statisticel eveluation of dats

[¢)

. <Jdevelopment of tolerances
d. Type of provlems encountered.
2.3.1.3.1 Method of Data Anslysis
As previously discussed, the goal for these production tests, using

the taped random noise was to compliy with test tolerences specified in MIL-STD-
810C. The required tolersnces developed ec part of ihis study is specified in
pera.2.3.1.3.3 MIL-ETD-810C also prescribes the method of axnalyzing the random
spectrum:
"Confirmetion of these tolerances shell te made by use
of an an enalysis system providing statistical accuracies
corresponding to a bandwidth-time constant product:
2T = 30 miziazwnm. Specific arelyzer characteristics shell
ve ag speciiied telow:
(a¥ ©On line, contiguous Tiler, eguelization/enelysis

systen taving a bandwidth as follows:




B = 25 Hz, xzeximum between 20 and 20C Hz
B = 50 Ez, maximum tetweern 200 and 1000 3z
3 = 100 2, meximum between 1000 andé 2000 Hz"

The analyzer used for the major portion of the data snelysis was the
Model BBOA Mirni-Ubiquitous Spectrum Analyzer menufacured by Nicolet Scientific
Corp. The bandwidth-tize constant for all rendom analysis was maintained st
6L (BT = 64). The data from each test run was analyzed as follows:

(1) Sine sweep anelyzed with analyzer in peek detecting mode using

5 32 B4 filters.
(2) Rendom data analyzed with analyzer in averaging mode using
S Kz, 25 ¥z, and 50 Hz 3W filters in separate test plotis.

For convenience *the narrow band analysis (5 Hz 2W filters) was plot-
ted on greph peper with & linear frequency scale to permit more precise fre-
guency determination. Tor determination of compliance with the tolerance re-
gquirements the date was arelyzed with the wide band filters (25 Hz and 5C Hz
3W) and plotted in the conventiornal manrer using greph peper with e logarith-
ric Treguency scale. I* should be noted that while a 10C Hz bandwidth fil<er
caen be used above 1000 Hz, the Utiquitous Analyzer utilized, did not heve this

epability. Where the 100 Hz IW was used (ref. Figure 26 ) a Spectral Dyan-
amics Mode 101-A Tracking Filter was employed.
2.3.1.3.2 Anglysis of Data

Tor the purpose of this aralysis, only the randoz data anslyzed with

the 50 Hz bandwidth is usatle above 2C0 Hz, it can be szpplied to ell toler-
ance exceedances found since znone occurred belew 200 Hz. The datz from the
two Unit No. 8 tests was not included in this snalysis since no wide band

enelysis dete was availatle. The dets tstulated below represents 26 indivi-

duel test units.




' Table 4 - Summary of Rendor Tolerance Exceedances

Frequency Band in Hz

Statisticel Peremeters 20 1000 | 1500 1750
1 Based on 26 test items to to i to to
‘ 2000 1500 1750 2000

Percentage of test items !
having out-of-tolerance points: 15% 35%

L6, 88%

T g

Average value of exceedance

(without regerd to sign) - 3.6 dB f L2 gz 5.5 &3

» % AYe?age velue of exceedance } 4.7 a3 | +0.7 a® ; 0.k @ i 5.5 @@
2 ‘ (with regazd to sign ! : : |

There were actually orly four tolerance exceedances below 1000 Ez
and a1l tut one (+3.3 d3 on Unit No. 5) occurred on Uni® No. 4. Tke problem
- with Unit No. 4 was associated with the tie-down resonance (as discussed in
. para. 2.2.2). The fact that all the tolerance =xceedancee were positive indi-
' cates thet the cowpensation factors for Unit No. 4 could te adjusted <o
eliminate this problem. And, in fact, they should heve veen, since Task A

results indicate thet this unit needed 2z linesrity compensaticn factor of

-3 de. (ref. Task A para.2.2...2). This factor wes gccidentally crmitted in cel-

~ulating the synthetic random spectrum for this unis.

The nigh freguency range of 1000 to 175C Hz hes average exceedances
of approximately -4 33 which were only siightly above “olerance. It should
elso be noted that i the data has bteen zaglyzed with 2 100 Zz tendwidih fil-
ter (as permitted ir this frequency rarnge). The exceedences would average
only slightly above +3 dB.

Ancother sigrificant siatistic 1s the average exceedance with mespect
t0 sign which averaged only eboul +§ d® in this frequency range. This would
seex 0 indicate that the variance cozpensation factors :ould bte decreesed

gbout -1 dE since the desired bies of tolerence exceedances should be on the

<

negative side. This change wes incorporated into the formel procedure

The freguency region above 175C H: gave almest uniforzly vpocor re-

sulss. TIhis area appeers <O Te zost sensitive to ziror wvariations in the




test setup. The trend in this freguency renge was heavily towerd low tolerence
exceedances. Since this portion of the freguency spectrum contributes little ;
strain energy to the test article, it is recommended thet large tolerance ex-
ceedences e permitted. This recommendation was also included in the formel
procedure. (Appendix T)

2.3.1.3.3 Develorment of Tolerances

As previously noted, the reference tolerances applied to rendom vi-
bration tests on the production hardware origipally were those defined in
MIL-STD-810C used for qualification tests. Wwhile these were cttaineble in
atout 309 of the tests (excludirg the drop-out problem above 1750 Hz) 1t wes

not considereé a ressoneble ftole ce a 0 this type o est. CEase
id g sonsble tolerance to apply to t tyT f test sed

on the test results with production hardware it is recommended thet the fol- .1
lowing tolerance be appliceble to taped random tests:
Y20 to 1000 Hz £ 3 dB
1000 to 2000 Hz + 6 4B
with the exception that low :tolerance exceedences of -12 4R
will be zllowed over 2 cuxulztive bandwidih of 30C Hz between ;
1000 and 2CC0 Zz."
The vermissicvle tendwidths for analfsis are those specified ir MIL-STD-31CC
end tetulated in para. 2.3.1.
Since it was asssumed thet meny of the testing laberetories using this
tape technigue will not have spectrum 2znalysis eguipment to verify tolerances,
ar elternate method was recommended. This method, which utilizes the results
of the %aped 1.Cg (pezk’ sine sweep, is discussed in detail in pera. 2.3.1.4.

2.32.1.3.4 Type of Problems Incounitered

The problems encountered during tests of productions hardwere with
the tepe technigue fall into :twc categories:
2. Uardware proolenms
b. Frocedural problems.
The 1post sigrnificant herdware protlexz was encountered during the
© o tests conducted on Unit Wo. 2 (in the vertical "2" axis - see para.2.3.1.2.6>
. The test firture was too flexitle arnd included unsymmetricel weight distribu-
tion. It demorstrated the need Tor cereful design of test fixtures to pro-
ride meximum rigidicty for the test srticle.

~nother, though less severe protlem, were the juizk relesse mounts
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used on meny of the replacetle electronic assemblies. This mount proved very
sensitive (with respect to shif%t in the tie-down resonent frequency) to zlign-
ment, torque, and test article stiffness. The only solution is to meintein
extreme precision in dupliceting the mechanicel setup from test to test.

The most common protlems encountered were caused by imprecise dupli-
cation of the test setup used for taping the sine transfer tape. The testing
of ten different items on three shaker systems, using, in mey cases, the same
test fixture, required many disassemblies of setups, reslignment of slip and
flexure tables, and relocation of tie-down mounts on the fixtures. ZEach dis-
assembly ané herdwere relocation between the original taping of the sine sweep
and the performance of the production test increases the possibility for =is-
alignment froz the original setup. Therefore it ls strongly recommended thet
each test article have its own dedicsted test fixture to minimize disassembly
eycles. Whenever disassembly and realigrment of 2 slip tabhle is required, it
is recommended that the sine transfer characteristics of the fixture orly be
verified prior to testing the production unit. These recommendaticns are in-
corporated in the procedure (Appendix I).

The mejor procedural problem encountered during the testing was the
use of 2000 Ez as the gain reference for the sine sweep tepe. This resulted
in the 1.0g (peak) sine sweep using the tepe input averaging 5 &B high (ref.
vara. 2.2.3) in severzl of the urits. The frequency range between 175C and
20CO Hz was most sensitive to minor varistions in the test setup and should
not e used as the band from which the gain reference freguency is selected.
The procedure provides for the gein reference freguency selection in & reso-
nant free band 10C Hz wide in the frequency range of 300 to 150C Hz.

Minor procedurzl problems were corrected where found and incorvorested
in the formal procedure {Appendix D ). & procedure verification test was also
performed to further verify and correct any procedursl problems encountered
in actual use (see pars. 2.2.L).

It should te noted that no provlems were encourtered in two arees
where potential problems were anticipated:

a. Test erticle veriations

b. Veriations in test spectrea.

Jlo problems were found, etiridbuteble to veriation in the test article.

L)

wrile orly three urnits of ezch type were tested, there were in most cases

-




units from two or three different manufacturing lots (as indicated by the
prefix to the serial number) with as many es 10C units separating the menu-
! facture of the units tested. Most problems examined were caused by the
mechanical setup variasbility described in preceeding paragraphs.
; Ir order to examine the effect of a test specirum variation on the
: taped technique, one of the production units, Unit No. U4 was tested with a
different random spectrum than was used for the other production units. (Ref.
para.2.3.l.2‘2)This spectrum hed steeper slopes than the normel spectrum with
a +6 dB per octave rise irnitialiy and a short segment cf -9 dB/oct roll off i
the mid frequency range. No significant problems were noted in the synthe-
sization of non-stendard acceptance test random spectrum. The orly problem
encountered during this test was at the tie-down resonance (as discussed in
pare. 2.3.1.2.2 ) which occurred at 250 Hz in the flat porticn cf the spectruc.
These situations are unigue to this type of sttachment herdwere i.e.,
"Mil Spec” swing bolts and high torque nuts, where excessive inputs will re-
sult ir an off loading on the bolt hardware. For these conditions, a linearity
' ccmpensation factor may Tte required in the development of the synthesized
random spectrum.

2.3.1.4 Utilization of Sine Sweep Data to Predict Rendom

Ore of the besic premises for the application of the taped random
technique is +he use of the sine sweep deta to predict verietions in the ran-
dom spectrum. During the testing of the production herdware, & plot of peak
g versus frequency was ma?e during the téped sire sweep; and & plot cf
pover spectral density (gZ/Hz)vs frequency during the random portion of tke
test. Since the spectral density is avaraged over the vandwidth anelyzed, the
enalyzed bendwidth should te as sma2ll as practical f2r 2 meesningful comperiscn.
For the production tests conducted the bendwidth of the anelyzer was main-

~ tained at 5 Hz, since this was the nerrowest filter that encompassed the full
2000 Hz test range.
| 4 tabulation was made for each test listing 211 data poirnts that ex-

1 ceeded the = 2 dB tolerance bard in either the sine run or the nerrow baxnd

B analysis of the random spectrum. (Appendix 2). The diffarence between
’ “he random emplitude measured and amplitude predicted by the sine sweep {at
trat frequency) was determined. This value was corrected for the variance
- end low frequency tolerance (pare. Z.3.1) compensation factors (since they
N
; i

1 .

78




were applied only to the random 2nd not the sine) to determine the error in

the rendom date in.predicted by the sine data. This date is summarized in

Table 5. A graphical example is presented in FPigure 27 which shows the

effect of a shift in resomant freguency on the sine sweep and nerrow band

random analysis.

Table 5 - Summery of Error in Predicting Rerdom With Sine Data ! ]
i

Average Error (20 to 20CC Hz - 131 data points) = 2.06 dB
(without regard to sign)

Average Frror (20 to 2000 Hz - 131 data points) = -0.35 dB
(with regard to sign)

Average Error (20 to 1000 Hz - 3L data points) = 1.10 4B
(without regard to sign)

Average Error (1000 to 2000 Hz ~ 97 data points) = 2.40 &B
(without regard to sign)

Table 5 above shows an overall aversge error of 2 4B in using the
sine data to predict the random spectrum. The errors are distributed normally
with resvect to sign, averaging only -0.35 dB. We further divided the data
into two bands corresponding to the tolerance bands specified in pars. 2.7.1.3.3.
In the low frequency bard (20 to 1000 Ez), with an allowable tolersnce of
= 3 éB, the aversge error was 1.1 dB. Irn the high frequency baznd {1000 to
2000 Hz), with an allowable olerance of = 6 dB, the average error was 2.4 dB.
Since the average error band is within 40% of the tolerance band, the method
of predicting the rendom specirum using the sire sweep data produces reason-
ably accurate results.

One further factor, filter bendwidth, must be =2pplied in using the
sine data to determine if the random spectrum will comply with test tolerances.
The military specification permits averaging the randow spectrum over wider
bendwidths than the 5 Hz bandwidth used to correlate the sine and rendom deta.
(The appliceble bandwidths per MIL-STD-810C were tebulated in para. 2.3.1).
The effect of averaging the randon date over wider bandwidths can be graph-
icelly seen in Figures 28 tc 31. The sine sweep curve (Figure 28)
shows & ﬁarrow -17 @B drop in the acceleration level at 260 Hz. The narrow
band spectrun anelysis (averaging over e 5 Hz vband) shows a -7 dB drop. The
25 Hz EW filter (Figure 30 ) reduces %his to a -4 &R drop and the 50 ¥z
BW filter (Figure 31 ) which is the widest permissable et this frequency,
shows it to oe within tolerenze with a -1 dB emplitude. While this dramatic

reduction is peculiar *o a very narrow high amplitude spike, the effect of

9




averaging will reduce apparent tolerance exceedances to acceptable in-toler-
ance conditions. )

In order to apply this averaging effect to the sine date a tatle was
prepared to determine the reduction in amplitude that can be applied to a
tolerance exceedance in the sine sweep deta. (assuming the use of the widest
Tilter permitted by the military specifications). This table, including direc-
tions for its use, are presented in the procedure. (Appendix T).




2.3.2 TAPE DECX EVALUATTION

In Task A the Tape Deck evaluation consisted of two major areas, l)the
continuing evaluation of the primary tape deck, the Sony EL-7 and 2) the pro-

curement and evaluation of a replacement for the inoperative Hitachi D3500.

2.3.2.1 Sony Tape Deck

The Sony EL-7 deck was periodically tested using the response tapes re-
corded during Task A, Table 2 includes the results of these response tests. A
review of this data indicates that ro major shifts or aromalies were observed
after spprorximately 300 hours of operztion.

Most of these operating hours involved recording and subsequent play-
tack of sine and random vibratiorn spectrums. During Task B eight production
hardware tapes were recorded and plaeyed back numerous times without an operz-
tionel failure of either the Sony EL-T or a cassette.

The operating log presented in Appendix C reflects the specific tasks
performed with the Sony EL-T.

2.3.2.2 Replacement Tape Deck Evaluation

2.3.2.2.1 Specificatior Keview

& review of the manufacturer’s specification and trade journals, origi-
nally solicited for Task A indicated that the Hermer/Xardon EK2000 could replace
the Hitachi D3500, and serve as a second backup unit. The overating log suxma-

rizing the tasks performed Quring this investigetion is contained in Arpendix C.

2.3.2.2.2 Test And Evaeluation Program

The unit was initially checked to confirm its operationel status after
delivery. A limited test program was then conducted to verify the menufactur-
er’s claims. Pigure 18, of the Task A report, depicts the setup used during
these preiiminary, as well as subseguent tests. Tabtle £ presents the results
of the preliminary tests.

De*tailed Test ZProgram

Since the Hermsn /Kardon was considered the backup tepe deck and the
schedule constraints restrictive, the test evaluation as originelly performed
on the 3ony IlL-7 was not exactly durlicsted. The testis taat were performed were

those necessery %0 confirm the major eveluation requirements, and determine




TABLE 6 INITIAL MEASUREMENTS

Specimen: Hasrmen/Kardon HK2000 with FeCr-60 Tapes

Tests: Operational check of Manufacturer’s Specifications.

Parameter

Manufacturer's Date

Test Resultis

Frequency Response

20-16000Hz, = 3dB

20-13500Ez +1, -~3dB

Sig. to Noise Ratio
w/Dolby on)

-62dB

-57dB

Lipe Inputs

0.050 & 0.2C0 vrms

.027 vrms & 196 vrms

Line Output

1.350 vrms

1.348 vrms

B




W J* IO

the compensation necessary to use the tape deck during the random vibration testing
of production hardware.

2.3.2.2.2.1 Frequency Response Tests

These tests were conducted on the Hhrman/Kardon tape deck in accordance
with those described in Para. 2.2.5.2.1.

o TFrequency Response With Nominal Input Signal

The basic response, at the maximum recommended recording level
of 0 dB, is shown in Figure 32, Comparison with the Task A results, using
each curve's O dB reference, indicates the following:

a. Sony EL-7 - +.85 @3, -0.3 4B, reference Figure 19
b. Hitachi D3500 - +1.04B, -6.54B
¢. Harman/Kardon HK2000 - +0.kdB, -2.6dB, reference Figure 32

An exploded view of the low frequency (20 Hz) response of the recorder was
made yielding a similar comparison:

a. Sony EL-7, output was only ~0.84B at 20 Hz, reference Figure 20
b. Hitachi D3500, not specifically tested at this level.
¢. Harman/Kardon HE2000, ~2.6dB at 20 Hz but with +0.4dB at

25 Hz, reference Figure 33

o Usable Dynamic Range
The response of the Harman/Kardon, to variouns input voltage levels
is presented in Figure 32 and in Table 7. The resulis of this test indicate that
no major response changes occur with decreasing signal levels, within the range of
0 to -40 dB.
o Stability and Repeatability of the Tape System

This investigation was performed in order ito meonitor the tape deck's
output variation as a function of time. Unlike the more extensive evalv-*ion
conducted on the Sony, the Harman/Kardon's response tapes were only played back
periodically. The results, of the playbacks, are presented in Table 7,

2.3.2.2.2.2 Additional Tape System Tests

Several additional tests were conducted on the Harman/Kardon, similar to
those performed in paragraph 2.2.5.2.2.
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| a. Circuit lLoading - A test was run to measure the effect on
frequency response as & function of various loads on the tape
deck output circuit. ILoading was varied over 2 range of 100K
to 500 ohms. The unit's output dropped by approximately -34B
when the load was lowered to 5000 ohms.
. b. Tape Deck Cleaning - No obvious improvement in response was
observed when the heads were cleaned after 100 hours of use.
c. On-line Playback - A comparison, of output levels, while
simultaneously recording versus the normal playback presented
two different response cheracteristics. The menufacturer
wes contacted and confirmed there was a difference due to the
circuitry design of the filters. Therefore, with this particular
recorder, the on-line playback cannot be used to represent =z
recorder's response,
d. Dolby Noise Reduction ~ This tape deck feature, as with the
Sony unit, is effective only in frequencies above 2000 Hz and
has no measurable effect on the frequeacy range of concern.
e, Subsonic Filtering - This high pass filter caused greater
attentuation in the 20 to 200 Hz frequency band but considerably
lowered a high level signal at 25 Hz and therefore was used
throughout the test program.
2.3.2.3 Summary of Test Results

a. Sony EL-7

o TFregquency response characteristics remained relatively stable
over the one year program and after aepproximately (300) hours
of operation.

© Normal handling of both the tape deck and cassettes induced
no mechanical failures,

b. Harman/Kardon HK2000

o Frequency response of +idB to =-3dB from 20 to 2 KHc.

Frequency response versus input cignal levels from OdE <o

-40dR remain within the +1&B to -3dB tand.

a & .
[o]

i 0 Moderate testing over a five month pericd does not cause an
8 immediate deteriorziion of the tape deck, although one cassetie

w#as broken.

i

|

TR

[43]
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o All other contingencies checked, Dolby, cleaning, Subsonic
filtering, etc., appear satisfactory.

2.3.2.4  Conclusions

The Sony and the Harman/Kardon are both capable of meeting the
program requirements as proven by using both the record and playback functions
with synthesized random tepe. The Sony is the superior of the three tape decks
tested., The additional testing performed Quring Task B confirmed the Task A
test results and established the long term durability of the Sony EL-7 deck.
Comparison of the frequency response characteristics demonstrate that
the Sony has a flatter response with narrower excursions. The Harman/Kardon
response (under 200 Hz), although acceptable is not as good as that demonstrated
by the Sony. "Ease of handling", although a subjective qQuantity, was found
to be preferrable with the Sony. The larger cassettes are bulky but appear to be

more ruggedly built,
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2.3.3 PREPARATION OF PROCEDURE

The purpose of this study program was to develop a technique for
economically generating random vibration utilizing an audio tape deck to drive an
electrodynamic shaker system. The study effort results have been documented in
this final report. A detailed procedure, delineating the specific steps required
for implementing the technique was also prepared and is included as part of this
report in Appendix D.

2.3.4 PROCEDURE VERIFICATION TEST

A test program was conducted to verify that the operational portion of
the formal procedure (Appendix D) could be successfully run by an outside facility
with test persomnel unfamiliar with the taped rendom technique. The facility
used was the Grumman Environmental Test Laboratory located in Plant 5, Bethpage,
N. Y. A test engineer and technician were assigned to the program who had no
previous experience with the technique.

The test program was accomplished in three phases as follows:

a. Recording Sine Transfer Tape (Flant 5, Bethpage)
b. Synthesizing of Rendom Tape (Flant 8, Calverton) ‘
¢. Testing with the Taped Input (Plant 5, Bethpege)

2.3.4.1 Recording of Sine lransfer Tape

The Plant 5 test engineer was suppli u with a draft copy of Chapter 3 of the ‘
procedure (See Appendix p), the Harman/Kardon HK2000 Tape Deck and a blank cassette. 5
The test was performed on an L.A.B. Corporation Model 5430-30 "VA-Press”
slip table. The slip table was driven by a Ling Model 335 shaker (15,000 lb. sine

force rating). A 60 lb, machined aluminum test fixture was bolted to the slip
table for the test. The fixture was designed to hold multiple relay packages
but none were bolted to the fixture during this test program to avoid accidental
damage.

A preliminary 1.0g (peak) sine sweep was made to determine recording levels,
followed by the test sine sgweep recorded on the tape. Only two minor problems
arose during the test which resulted in subsequent modification to the procedure.

The first problem was encountered during the recording of a 3.0g (peak)
acceleration calibration signal on the tape. It was found that the calibration
signal from the charge amplifier (which had an output sensitivity of 10 av/g) was
too low in amplitude (30 mv peak) to permit attainment of the required OAdB reading

&9




on the tape decks VU meter, The procedure was therefore amended to recommend
e 100 mv/g sensitivity setting on the charge amplifier for sinusoidal tests.
This setting had been used throughout Task B of the study program to improve
signal to noise ratio when operating at only 1.0g (peak) amplitude.

The second problem encountered involved the selection of the gain
reference frequency to be recorded at the gtart of the sine sweep. The guide-
lines established in the procedure suggested that the reference frequency be
between 500 and 1200 Hz in the center of a 200 Hz bend of relative conastant
amplitude (P.A. input voltage). For this test there was no frequency band in
this range with a constant amplitude. (See plot of P.A. input voltage versus
frequency in Figure 34). The only relatively constant portion of the amplitude
curve wasg between 1500 and 1900 Hz, therefore, 1700 Hz was chosen as the gain
reference frequency. The procedure was subsequently modified to open the require-
ments to a 100 Hz wide band of constant amplitude between 300 and 1500 Hz,

2.3.4.2 Synthesizing of Random Tape

The taped sine sweep recorded in Plant 5 was then played back in Plant 8
through a Ubiquitous LLOA Real Time Analyzer (5 Hz BW filters) and an X-Y plot
of the control accelerometer and P.A. input voltage versus frequency was made.
This data was used to calculate the synthetic random voltage for the system
which was then recorded on the tape cassette immediately after the sine sweep.
The procedures employed were used to verify those ocutlined in Chapter 4,
(Appendix D). No significant problems were encountered in the synthesization
of the random tape.

2.3.4.3 Testing with the Taped Input

The test tape and tape deck were returned to the Plant 5§ Test Laboratory
for the final phase of the program. The bolt comnnection between fixture and
slip table, and between slip table and shaker head were loosened and re-torqued
to specification prior to the test.

The sine sweep portion of the tape was played through the shaker system
and on-line plot was made of the control accelercaeter using the Ubigitous LLOA
Real Time Analyzer. The data was within +1 to -24B for the entire sweep except
for a -21/2 4B 4drop between 1950 to 2000 Hz (see Figure 35). Since these were
within the allowable tolerances specified in the procedure, the tape was advanced
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to the start of the random vibration recording.

The random vibration test was run for approximately U4 minutes with an
overall amplitude of 6.3 Grms indicated on the true RMS meter. On-line plots
of power special density versus frequency were made from the control accelercmeter
using the Ubiguitous LLOA Real Time Analyzer. Individual plots were made with
5 Hz, 12.5 Hz, 25 Hz and 50 Hz Bandwidth filters. The narrow band analysis
(5 Bz BW) showed only one out of tolerance point at 835 Hz with a narrow -UdB
drop out. (see Figure 36). With the 12.5 Hz BW filter or wider this drop out
is reduced to -2dB and the entire spectrum is within tolerance, (see Figure 37)

(It should be noted that this drop out was caused by a -1.7dB compensation factor
applied at this frequency in case of a frequency shift down in the resonant frequency
of the system.)

One procedural problem was uncovered during playback of the sine portion of
the tape. Using the tape counter to locate the start of the gain reference signal
on the tape, the test operator started to turn up the shaker gain before the tape
had actually reached the start of the gain reference signal. This resulted in the
shaker level coming on at 4 to 5 g which the test conduction quickly reduced to 1 g.
This pointed up the need for a visual indication of signal output from the tape
deck before the shaker gain is turned up. The procedure was therefore revised to
ensure that the test operator visually observes signal level on the tape deck's
VU meter before turning up system gain.

2.3.k.4 Result of Procedure Verification Tests

In addition to the procedural changes discussed in the previous paragraphs,
the tape data sheet was modified to provide more detail on recorded signal location
on the tape,

The mechanics of performing the test went fairly smoothly. The initial
recording of the tape took about four hours but the playback test required only
one and a half hours. As familarity with the tape system increases, it should
require less time than it takes to run a conventional random vibration test.
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3 - CONCLUSION

3-1 OVERVIEW

The results of this program show that the taped random technique
can be successfully applied for conducting random vibration tests of pro-
duction hardware during acceptance testing.

The study indicates that the varistions between genereally identi-
cal equipment can be accomodated by the application of compensation factors
that were developed. Allowable tolerances were also developed to: assure
consistency in spectrum definition during testing and minimize overtest
potential. These tolerances are + 3 dB for the frequency range of 20 - é
1000 Hz, and = 6 dB for the frequency range of 1000 - 2000 Hz. The testing
procedures developed during this test program have been designed to mini-
mize the amourt of new equipment necessary as well as the required skill
level of the test conductor. The measure of success in this regard is that
a test laboratory currently performing sinusoidal acceptance tests, purchase an
! inexpensive stereo cassetite deck to achieve & random test cepability. The

preparation of the synthetic random tape cen be accomplished remotely ané
! at moderate expense by any test laboratory with random noise equilization
and enalysis equipment.
The study resulted in the following specific conclusions:

3.2 TASK A
3.2.1  MASS MOCK-UP EVALUATION
a. No problems were found in the operation of the sheker system
. with any of the tape decks used. i
”* b. Input acceler=ztion to the urit measured during taped random
“ vibration tests were uniformly good, with spectrum levels
. within 3 4B of the nominal spectrum. (This is within MIL-STD=
A i 810C tolerance for qualification tests).
‘,4 ¢. Sinusoidal vibration tests used to measure transfer character-
" istics can be performed without filtering of the control ac-
% celerometer. (This is important since it minimizes the gual-
ty of equipment a lab must have to perform this test).
' d. Compensation factors csn be used in prepering the synthetic
random tape to account for teape deck characteristics, as well
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e.

as non-lineerities and variance in the dynamic characteristics
of the test article. (This technique of applying compensation
factors for anticipated variences reduces the risk of overtest
and permits a greater amount of flexibility in duplicating the
exact setup from test to test).

Utilization of the sinusoidal tape to verify the test setup
prior to random tests appears to be extremely accurate. Fur-
ther testing during Tesk B is anticipated to de-sensitize it

in order to provide better correlation with random test re-
sults.

3.2.2 BASELINE TRANSFER CHARACTERISTIC EVALUATION

a.
. b
c
4.
~
o
e

Variations in average sinusoidal response characteristics over
the total bandwidth wes minimel (less then =1.0dB) from unit
to unit within a particular type and also vetween different
types of equipment.

. The variation at resonant conditions everaged approximately

+3dB. This level of variebility cen readily be sccomodated
in the form of & suitable, universal fector, utilized during
the formulation of the synthetic spectrum.

. Veriations in random vibration data is even less than the

sinusoidal differences and indicates that the 1.0 peek sine
utilized for response determination appears to havé univer-
sael non-linear impact level effects.

Frequency varistions between unlts occurring at resonant con-
ditions can also be accounted for during the formulation of
the synthetic spectrum. Preliminary results indicate thet a
tolerance band of =3%. be utilized below 1000 Hz and a value
of £#5% applied for frequencies between 1000 - 2000 Hz.

. Transfer errors between synthesized and actual random cal.

culated for one sample type, showed that a maximum veriation
was approximately =3.5dB.

-

3.2.3 SHAKER SYSTEM VARIATION

a.

No significant problems which could impect the technique were
encountered with any of the shaker system, test set-up arrange-
zent employed during the program.
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b. Extensive tests with the C-25H shaker system show that minor
variations in system parameters or gains have negligible effect
on transfer characteristics. The signficance of these tests
to the taped random program is twofold:

ot (1) Normal degrasdation of system gains due to aging of com-
ponents is not expected to be a problem.

(2) Exact dquplication of 2ll shaker system control parameters

from test to test is not a criticel requirement.
3.2.4 TAPE DECK EVALUATION
a. The results of the specilication evaluation concluded that two
units, the SONY Elcaset model EL-7 and Hltachi model D3500 met
or exceeded program cost and technicel requirements.

b. The SONY tape deck was clearly the superior of the two units
when used in conducting the taped random technique and met all
immediate program requirements.

¢. Long term operation appears to be satisfactory and no major
problems or degradation are enticipated over an extended opera-

ting time period.
3.3 TASK B
3.3.1 PRODUCTION HARTWARE TESTS
a. Measurements of power spectral density input to the production

units were within Mil Spec tolerances for the majority of the
units. A new level of tolerances was derived (based on the
production unit data) which can be more readily obtained with
the tape technique without compromising test ingetrity.

©. The problems that were encountered were investigated to deter-
mine the source of the trouble. Most were found to be caused
by varietions in the mechanical setup of the tests. Where cor-
rective action was indicated, modifications were made to the
procedures to incorporate the necessary changes.

c. Use of the sine sweep data to predict the random spectrum
variations was found to yield errors less than 40% of the al-
lowable tolerances. This was considered a satisfectory ac-
curacy for this type of test, and detail procedures were de.
rived to use this method,
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3.3.2

3.3.3

PROCEDURE VERIFICATION TESTS

a.

TAPE

A detailed procedure for epprlying the random tape technigue
was written based on methods evolved during the test program
on production hardweare.

. A test program using the tape technique was successfully per-

formed by inexperienced test personnel in another test lab. using
the draft test procedure. The few minor problems encountered
were corrected in the final test procedure. (Appendix D)

DECK EVALUATION

. Test operations with the Sony Elcaset model EL-7 presented no

problems. Frequency response cheracteristics are excellent and
ne changes were noted during the year it was in use.

. Test operations with Harmsn Kerdon model D3500 were also trouble

free, though the test period of evaluation was considersbly lim-
ited in comparison witk the Sony Elceset. The frequency re-

sponse characteristics, while not as linear as the Sony Elcaset,

did satisfy program requirements.




4. APPLICATION AND LIMITATIONS

L.l  INTRODUCTION D

The utilization of this technique in the industry has been extremely
limited because of the few requirements for random vibration tests outside of

space applications. As random testing experience grows due to increased
random vibration requirements, the true range of this technique's spplication
and limitations can be accurately assessed. Some projections in these areas
can be made based on the results of this study program.

L.2 APPLICATION OF THE TAFE TECHNIQUE

The development of the taped random technigue was directed primarily ;
towards repetitive testing of identicel units, such as a Reliability Accep- |
tance Test (RAT) program on a military component. Although its main appeal
is %o the small laboratory without any random equalization equipment, it
offers distinct operating advantages to the larger better equipped labora-
tories as well. It facilitates the performance of acceptance tests at the |
production site since only a small sinusoidal shaker system has to be located i
in the area. It frees the complex and expensive random equipments as well as
its highly skilled operators from supporting factory acceptance tests. It
can provide back-up support to existing random equipment during periods when
"down" for repair or maintemance.The technique can also provide a convenient
way of performing rendom tests with multiple control points. The synthetic
random voltage can be calculated to provide control by averaging, highest or
lowest in any frequency band, or any other complex distribution.

The tape technique would seem ideally suited towards long term
vibration testing on a single test article. With e single test article and
test setup no significant changes in the transfer characteristics should

occur thus providing an accurate repeatable random spectrum. This type of
test, normally used for Reliability demonstrations, 1s discussed in Section

5.0



4.3 LIMITATIONS ON THE USE OF THE TECHNIQUE

As stressed in preceeding'sections, the primary requirement for
successful utilization of this technique is exact mechanical duplication
from test to test. The effect of differences between production units can
be minimized by designing the test fixture for high mass and rigidity
relative to the test article. Test articles with soft or flexible mounts
can be expected to show wider variations in the sine transfer cheracteristics
than can be adequately compensated for with the procedures develcped. The
application of the technique to this type of test article or with poorly de-
signed fixtures and undersized shaker systems should be avoided.

As discussed previously, the gspplication of this technique can be
expected to result in wider tolerance variations than required for qualifica-
tion testing under applicable Military Test Specifications. For this reason,
qualification testing or testing at close to qualification vibration ampli-
tudes should not be attempted in order to avoid the possibility of over

testing.

+ should be anticipated that in the course of several years of
performing acceptance tests on a product, modifications to the product,
maintenance on the test system or replacement of equipment will necessitate
the replacement of the test tape. It is also conceivable that it may prove
practicel to prepare two Or three different tapes, each with minor variation
in the random spectrum to correct for repetitive problems encountered during
long production run tests. In any case, the time and expense involved in
preparing a new tape is minimal, thus the user is urged to constantly monitor
the results of the sine sweep data, and initiate the recording of a new test
tape whenever repetitive shifts in the sine transfer characteristics are

observed.
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5- RECOMMENDATIONS FOR FURTHER STUDY

There are several areas that warrent further study. Foremost among
these is the application of the tape techmigque to long term Reliability
Demonstration tests. This type of test typically requires that a single
test article be exposed to repeated mission simulation tests combining the
environments of temperature, humidity and random vibration. The random
vibration portion of the mission simulation cycle can require four different
test spectrums and run continuously for periods of up to six hours. Since the
performance of this type of test requires that expensive random vibration
control equipment as well as skilled operators be available on a 24 hr. per
day basis, the application of the tapeé random technigue offers a significant

potential for savings. An adaptation of the tape techniques for this purpose
should be investigated. '

Further refinements to the tape technique should also be pursued.
1 These include four particular areas:

a)- a technigue to adjust the random equalization at the
" test site to adjust for an ocut-of-tolerance condition.
‘ Some of the methods that could be evaluated include the
use of tunable bandpass Tilters or a set of audio equalizers

-~

to accomplish equalization adjustment.

b)- a practical method of applying the compensation factors to
the sine sweep portion of the tape so that their effect
' can e seen prior to running the random portion of the

tape.

computerization of the random synthesization process using
the various rules for compensation developed in the program.
This weuld greatly reduce the cost of preparing a synthetic
random tape.

application of a digital tape technique to facilitate
acquisition and process of data, as well as operation
of test.
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' SUMMARY OPERATING LOG OF MASS MOCK-UP TEST OPERATIONS (TASK A)

Nov 7 = Examined feasibility of using unfiltered control signal in servo
loop - 4 Runs - looks feasible

Nov 8 - Worked on compensation techniques for recording sine sveep on
NAGRA-III recorder - 1 Run

Nov § = Recorded sine sweep on NAGRA & played it tack thru shaker system. i
Readjusted compensation and optimized servo compressor speed -
13 Runs - control problem at 1780 Hz !
Nov 21 - Used Nov 9th sine tape and NAGRA recorder to drive system. -

Significant problems @ 1630 & 1780 Hz - 7 Funs - problem @ 1630 He
due to improper recording technique, problex @ 1780 Hz is a freq
shift in response.
Nov 22 - Used Nov 9th sine tape & NAGRA recorder to drive system. Measured j
freq of voltage peaks - 1 Run ’
Nov 23 - Made extensive sine survey of shaker system & fixture to map dyn-
amic characteristics - 3 Runs
Nov 28 - Continued sine survey of shaker system with mass mock-up attached.
} Very sharp rocking mode at 1750 Hz ceuse of previous problem -
3 Runs
Dec 2 - Made servo control sine sweeps at different "g" levels to check
for linearity - 6 Runs. There appears to be a drop in freq &
response with higher g's.
Dec 10 - Recorded sine sweep on iHitachi Recorder and played back thru system
- 3 Runs - tape speed on Hitachl oscillating resulting in slight
‘ reduction in frequency of voltage peaks. Contirol protlem above
N 1600 Ez
Dec 14 - Investigated control problem atove 1600 Hz and made new sine
tape with NAGRA recorder & played it back thru system - 29 Runs {

j - Problem with control due tooperating log converter in a pesk ‘
’1 detecting mode with unfiltered signal. Tape results look good. 1
¢
3

Dec 15 - Made new gine tapes for both NAGRA & Hitachi Recorder. - 1 Run -

2oth tapes showed good fidelity except for low freq roll-off on
NAGRA.
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AV

Dec 16

Dec 17

Dec 17

Jan 10

Jan 11

Feb 4

Teb U

Peb 22

Teb 23

Teb 23

- ol

SUMMARY OPERATING LOS OF MASS MOCK-UP TEST OPERATIONS (TASK A)

Recorded random tape (serve control) or both NAGRA and Hitachi —- .
Recorder and played back NAGRA thru system. - 3 Runs - tape re-
sults look good £ 3dE except for low freq roll-off. Hitachi
recorder intermittant.

Flayed sine and random tape on NAGRA thru the system. - 2 Runs

- Random tape looks goc+ % 3dP and sine also good except for pesk
@ 1610 Hz

Linearity investigation - made lg and 24g sine sweep and 6.0 Grms
random run (all servo controlled) Cozputed the transfer function
data for each run - 3 Runs - 2%g run is closer by 4dB to random
at tiedown resonance -~ identical otherwise

Recorded sine and random tape (servo controlled) with SONY Elcaset
« 2 Runs

Played sine and random tape recorded orn Jan 10 on SONY Elcaset
thru the system. -~ 2 Runs. Deata looked good except for some 3dd
sPikes above 1600 Zz

Played sine and random tape recorded on Jan 10 on SOKY Elcaset
thru the system. - 3 Runs - Both runs had a drop out at 1600 Az
caused by & shift in resonance from 1635 Hz to 1605 Ez
Investigated possible cause of shift in frequencies and response.

Made repeated sine sweeps (servo controlled) while varying system
parameters. lloted no significant change due to varying electrical
parameter or tiedown torque. Alignment of mass mock-up in mount gave
largest variation at 160C 3z with a 4 of 30 5z and 6.7dB in re-
sponse.

Prepared synthetic random tepe from sine data recorded on Dec 1lTth.
Applied compensation factors for tape recorder, linearity and
variance in mount alignment. Recorded on SONY Elcaset.

Played random tape of Fet 22 on SONY Elcaset thru system. Mounted
oess mock-up in three different mount positions - 3 Runs - Dats
looked good. All spectrum within 5 34B.

Flayed sine tape recorded on Jan 10 on SONY Elcaset thru the system.
Data looked good except for 10dB notch at 1730 Hz. Increased the
time constant of recorder by sdding capacitor across imsput. - 3
Runs. « Eliminated notch completely.

A-2

L
Al ik e . & 2




" ——t
e e

Feb 24 -

Feb 26 -

-

SUMMARY OPERATING LCG OF MASS MOCX-UP TEST OPERATIONS (TASK A)

Re-aligned mass mock-up in mount and played sine tape recorder on
Jan 10 on SONY Elcaset thru the system. Got a wide 8dB drop out at
1630 Hz. Drop out reduced to -24dB using 500 mfd capacitor at re-
corder to increase time constant - 5 Runs

Played random tape of Feb 22 and sine tape of Jan 10 on SONY Flceset
thru the system. Random run was within % 3dR. Sine run was down
UdB @ 1610 Hz - 3 Runs
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. 3

Mar. 28

Apr. 27

May 16
May 18
May 19

May 23

May 25

May 31

Jun 1

- SUMMARY OPERATING LOG_OF TEST OPERATIONS (TASK B)

Unit #1 S/N HGF-038 Made two 1 g sine sweeps in "X" axis and
recorded sine transfer sweep on Sony Tape #6

Side A - 2 Runs

Unit #1 Calculated synthetic random spectrum and recorded
it on Sony Tape # Side A - 3 Verification Plots

Unit #1 S/N HGF-038, HJR-021 & HJR-022 Made 1 g sine sweep
and 6.3 Grms random run in the "X" axis using Sony Tape #6
Side A - 7 Runs

Unit #+ S/N HGF-OLl Made two 1 g sine sweeps in "Z" axis
and recorded sine transfer sweep on Sony Tape #7

Side A - 2 Runs

Unit #1 Talculated new synthetic random spectrum to include
a+l dB compensation factor from 20 to 500 Hz in order to
meet - 1% db tolerance in this range. Recorded new random
spectrum on Sony Tape #6 Side A - 5 Verification Plots

Unit #4 Calculated synthetic random spectrum and recorded
it on Sony Tape #7 Side A - L Verification Plots

Unit # S/N HGF-038 Made two 1 g sine sweeps in "X" axis
and recorded sine transfer sweep on Sony Tape #8 Side A.
Made one 1 g sine sweep in "y" axis and recorded sine transfer
sweep on Sony Tape #8 Side B - 3 Runs

Unit #8 S/N JHA-O11 & S/N EPG-002 Made & 1 g sine sweep in
"X" axis on S/N JHA-Oll and recorded sine transfer sweep on
Sony tape #9 Side A, Made two 1g sine sweeps in "z" axis
on S/N EPFG-002 and recorded sine transfer sweep on Sony
Tape #9 Side B - 3 Runs

Unit #5 S/N HJR-029 Made two lg sine sweeps in "X" axis and
recorded sine transfer sweep on Sony Tape #10 Side A, Made
two 1g sine sweeps in the "v" axis and recorded sine transfer
sweep on Sony Tape #10 Side B. Played back both tapes
through shaker sysiem to verify test levels - 6 Runs

A-b
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SUMMARY OPERATING LOG OF TEST OPERATIONS  (continued)

Jun 2 - Unit #7 S/N GRU-OT3 Made two lg sine sweeps in "X" axis and
recorded sine transfer sweep on Sony Tape #11 Side A. Made
two 1g sine sweeps in "Y" axis and recorded sine transfer
sweep on Sony Tape #11 Side B. Played back both tapes through
the shaker system to verify test levels - 7 Runms

Jun 14 - Mass Mock-Up of Unit #4 - Made two 1g sine sweeps in "2" axis
using Sony Tape #4 Side A - & :uns
Jul 27 - Unit # S/N HJR-035 - Made 6.3 Grms random run in "X" axis

using Sony Tape #6 Sidi A. Made 1g sine sweep in "X" axis
to re-record sine trarnsZer sweep on Sony Tape #6 Side A.
(previous run accidenii 1~ erased) - 5 Runs

Aug b4 - Unit #5 Calculateu synthetic random spectrum in "X" axis
and recorded it on Sory Tape #10 Side A. Calculated synthetic
random spectrum in "f" axis and recorded it on Sony Tape #10
Side B - 8 Verification Plots

Aug 7 - Unit #7 Calculated synthetic random spectrum in "X" axis and

‘ recorded it on Sony Tape #11 Side A. Calculated synthetic
random spectrum in "Y" axis and recorded it on Sony Tape #11
Side B - 8 Verification Plots

Aug 8 - Unit #4 S/N CSS-122 Made 1g sine sweep and 5.3 Grms random
run in "Z" axis using Sony Tape #7 Side A - 3 Runs

Aug 9 - Unit #8 Calculated synthetic random spectrum in "X" axis and
recorded it on Sony Tape #9 Side A. Calculated synthetic
random spectrum in "Z" axis and recorded it on Sony Tape #9

< Side B - 8 Verificstion Plots

Aug 10 - Unit #2 Calculated synthetic random spectrum in "X" axis and
recorded it on Sony Tape #8 Side A. Calculated synthetic random
spectrum in "Y" axis and recorded it on Sony Tape #8 Side B -
8 Verification Plots.

Aug. 11 - Mass Mock-Up of Unit #4 - made 1g sine sweeps to investigate
effect of mis-locating the control accelerometer, and the
effect of bench check equipment cables on the sine transfer

- a . Bra

characteristic - L4 Runs
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Aug 15

Aug 17

Aug 28
Aug 31

Sept 6

Sept 7

Sept 13
to
Sept 18

Sept 25
to

Sept 27

Oct 6
Oct 9

SUMMARY OPERATING LOG OF TEST OPERATIONS (continued)

Unit #1 Calculated new synthetic random spectrum in "Z" axis
and recorded it on Sony Tape #6 Side A. (Major slip table and
shaker disassembly and repair since first recording made). -

L Verification Plots.

Mass Mock-Up of Unit #.4 - made lg sine sweeps to investigate the
effect of mis-installing the mounting hardware and the test
article to the fixture - 1L Rums.

Unit #3 S/N EPG-005 - made 1g sine sweep and a 6.2 Grms random
run in the "X" axis using Sony Tape #9 Side A. Made a 1g sine
sweep and a 6.2 Grms random in the "Z" axis using Sony Tape #9
Side B - 15 Runs

Mass Mock-Up of Unit #4 - Made 1g sine sweeps in "Z" axis and
recorded sine transfer sweep on Harman Kardon Tape #3A and on
Sony Tape #11A. Calculated synthetic random spectrum and
recorded it on Harmsn Kardon Tape #3A - 3 Runms.

Mass Mock-Up of Unit #4 - Mede 1g sine sweep and 6.3 Grms
random run in "2" axis using Harmen Kardon Tape #3A - 2 Rums.
Unit #B8 Fixture Only - Made 1g sine sweeps to investigate problems
in "Z" axis tests of Aug 28th - 17 Rums.

Unit #2 S/N HOR-OL1l, GRU-Ol4 & HJR-002 - Made lg sine sweeps and
6.3 Grms random runs in the "X" axis using Sony Tape #8 Side A.
Made 1g sine sweeps and 6.3 Grms random runs in the "Y" axis
using Sony Tape #8 Side B - 20 Rums.

Unit #5 S/N €SS-148, HJR-016 & HJR-OO1 - Made lg sine sweeps
and 6.3 Grms random runs in the "X" axis using Sony Tape #10
Side A - Made lg sine sweeps and 6.3 Grms random runs in the

"Y" axis using Sony Tape #10 Side B - 15 Runs.

Unit #7 S/N GRU-0T3, HJR-082 & CSS-013 - Made lg sine sweeps
and 6.3 Grms random runs in the "X" axis using Sony Tape #11
Side A. Made lg sine sweeps and 6.3 Grms random runs in the
"Y" axis using Sony Tape #11 Side B - 16 Rums.
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Oct 30

Oct 31

Nov 1

Kov 1

Nov 15

SUMMARY OPERATING LOG OF TEST OPERATIONS (contipued)

LVPM Fixture =~ Procedure Verification - made lg sine sweeps
in "X" axis and recorded on Harmap Kardop Tape #1X Side A -
2 Runs.

LVPM Fixture ~ Procedure Verification - calculated synthetic
random spectrum and recorded it on Harmen Kardon Tape #1X
Side A - L Verificetion Plots.

Unit #1 S/N HJR-037 - made 1g sine sweep and 6.3 Grms random
run in "X" axis using Sony Tape #6 Side 4 - 3 Runms.

Unit #4% S/N JCU-004 & HJR-025 - made lg sine sweeps and 6.3
Grms random runs in the "Z" axis using Sony Tape #7 Side A -
5 Runs

LVPM Fixture - Procedure Verificetion - made 1g sine sweep and

6.3 Grms random run in the "X" axis using Harman Kardon Tape #1X
Side A - 2 Runs
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SUMMARY OF TEST DATA (TASK B)

UNIT #1 - "X" TAPE #6A based on A/N H6F-038 tested 3-13-78

Test Axis Out of Tolerance Amplitudes t3dB
Article Date Sine (SHzBW) | Random (S5HzBW) | Random (50HzBW)
Hz 4B Hz 4B Hz daB
3-29-78 | 108C-1135 | +4.0 | 1060-1120| +L.5 - -
X - - 1880-1950 | +5.5 - -
HGF-038 - - 530-5L0 | -L.0 - -
3-29-78 - - |1850-1950| +6.5 | 1800-1900| +..0
X - - 1210-12L40 | +6.0 - -
HJR~-022 - - 1080-1150| +5.0 - -
- - 535-540 | -L.5 - -

- - 210-220 | -3.2

i
3-29-78 - - |1860-1080] +5.5 | - -
X - - 1090-1150 | +4.0 | - -
EJR-021 - - |
{
|
RECORDED NEW UNIT #1 TAPE ON MAY 19
(TAPE 6A based on S/N HGF - 038 tested 3-13-78)
| 7-27-78 - - 1300-1360 | +5.0 | 1280-1310 +3.1
X NO DATA - - 1750-2000| =-3.5
N (Tape erased
A - - - - -
. BJR-035 accidentally)
I RECORDED NEW UNIT #1 TAPE ON AUG. 15
1 (TAPE 6A based on S/N HOR - 035 tested 7T-27-78)
-~
‘ : .
; 12-1-78 - - 1950-2000 | +6.0 - -
X - - 1360-1410| -5.5 | 1340~1400| ~L.0
3 EJR-037 - - 1270-133C | +6.5 | 1210-1250
4
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SUMMARY OF TEST DATA (TASK B)

UNIT #2 - "X" TAPE #BA based on S/N HEF-0LS tested 5-25-78

Test Axis Out of Tolerance Amplitudes :3dB
Article - Sine Random Random (50HzZBW)
Date Hz Hz Hz
X 1930-2000 - - | 1800-2000
9-26-78 1765-1790 1810-18L0 -
HIR-041 1530-1620 -
X 1890-2000 18L0-2000 1830-2000
G=-26=-T8 1815-1850 1810-18L0 -
GRU-01bL
X 1870-200 1870-2000 1750-2000
6-26-78 1815-18L0 1810-1835 .5 -
H4JR-002
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SUMMARY OF TEST DATA (TASK B)
UNIT #2 “Y" TAPE #8B based on S/N HGF-0LS5 tested 5-25-T8
Test Axis Out of Tolerance Amplitudes :3d.B
Article - Sine Random (5HzBW)| Random (S50HzBW]
Date Hz 4ap Hz a8 Hz ar
¥ 1850-2000 | =5.0| 1870-2000| -W5 [1800-2000 | »-5.5
9-26-78 1820-1850 | -17.5 | 1815-1850| -11.0
HJR-0L1 185-265 +4.5 | 220-260 +3.5
v 1890-2000 | -5.5| 1800-2000| -4.0 [1730-2000 { >-5.5
9-26-78 1830-1870 | ~-18.5 | 1820-1870 {»-11.5
GRU-014
Y 1870-2000| -5.0] 1850-2000| =-5.0 |1730-2000 | »5.5
9-26-178 1815-1860 | -11.0 | 1810-18%0|»-11.0 '
HJR-002 235-255 +3.5| 235-255 +3.3




SUMMARY OF TEST DATA (TASK B)
UNIT #L "Z" TAPE #7TA based on S/N HGF-OLL tested L4-27-78
. fest Axis dut of Tolerance Amplitudes :353

Article - Sine  (HzBW) Random (5H2BW)| Rendom (50HzBW]

Date Hz B Hz | dB Bz dB

8-8-78 750-770 { -3.1 690=TT0 =U.5 - -

CSS=-122 oz 535-570 | +3.7 - - - -

330-350 | ~3.5 350-370 =4.0 - -

2k0-315 | +7.5 235-310 +6.0 | 200-290 +5.0

- - 1930-2000 -6.0 [1700-2000 | »3.0

11-1-78 530-570 | +L.5 550-570 +3.5 - -

JCU-00L A 305-330 | +5.0 270-335 | +7.0 | 230-290 | +4.B

265-280 | -9. 220-2k0 | -3.1 - -

' 1880-2000 =5.0 off paper

630-640 +3.5 - -

: 11-1-78 | 530-565 | +3.5 | 520-570 | +3.5 - -

HJR-025 z 335-345 | -3.5 - - - -
260-320 | +8.0 255-315 +8.2 | 210-300 +5.5
225-2L45 | =5.2 215-235 4.8 - -
18851920 | =-3.6 ofs vaper
]

B-6
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| SUMMARY OF TEST DATA (TASK B) E
: UNIT #5 - "X" TAPE #10A besed on S/N HJR-029 tested 6~1-7T8
- Test Axis Out of Tolerance Amplitudes t3dB
i Article - Sine  (5HzBW) | Random  (5HzBW) | Random  (S0HzBW)
Date Hz dB Hz aB Hz aB
X 1920-2000 ' -19.9 {1920-2000 | -11.0 [1900-2000 | =5.5
HJR-001 | 10-6-78 | 1780-1880 | + 3.5 - - - -
1530-1615 | + 6.0 |1530-1580 | + 7.5 1540 +3. 3
1080-1280 | + 5.0 [1180-1250 | + 5.5 - -
1620-1680 | - 6.0 1650 -3.2
1315-1480 | - k.5, - -
X 1880-2000 | - 7.0 {1820-2000 | - 7.5 |1850-2000 {>-6.0
| CSS-148 | 10-2-78 {1530-1620 | + 7.5 |1530-1580 | + 7.0 |1560-1580 | +k.5
' 1180-1260 | + 6.5 {1200-2230 | + 6.0 ]1190-1210 | +3.3
' 510-5L0 | + L.5 | 490- 520 { + 4.0 | L75- 490 | +3.3
, 1620-1690 | - 5.0 |1660-1680 | =-bL.0
' 1310-1480 | - 4.0 |1350-1L50 ! =-3.5
X 1920-2000 | - 8.0 |1920-2000 |>- 9.0 | 1860-2000 | >5.5
EJR-016 | 10-2-78 | 1860-1920 | -11.0 | 1840-1920 | -11.0 - -
1735-1780 | + 4.0 - - - -
1520-1620 | + 8.0 | 1530-1580 | + 7.0 | 156C-1610 | +L.0
: 1080-1270 | + 5.5 | 1280-1230 | + 5.0 - -
o 520- 5LO | + 3.5 | 520- 530 | + 3.3 - -
» 1620-1690 | ~ 6.0 | 1670-1700 | -3.7
]
»
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(
SUMMARY OF TEST DATA (TASK B) ! )
UNIT #5 - "y" TAPE #10B based on S/N HJR-029 tested 6-1-T8 ’
Test Axis Out of Tolerance Amplitudes :3dB E
Article - | “sine (5HzBW) | Random  (SHzBW) | Random  (SOHzBW)
Date Hz 4B Hz as ' Hz aB ,
v 51930-2000 -10.0 | 1920-2000 | >-11.0 | 1950-2000 | >-5.5
HIJR-001 | 10-6-78 | 1520-1615 | +10.0 1520-1600 + 8.5 | 1500-1590 +5.5 .
] | 1080-1260 | + 5.5 | 1160-12k0 | + 6.0 |1100-1220 | +k.5 |
5 | 760- 800 | + 3.7 - - - -
' 285- 330 | + b.5 - - - -
| 260~ 275| - 7.0 - - - -
| 215- 235 + L.2 - - - -
‘ ' 1620-1670 | =~ 5.5 - -
; 1320-1480 | - 4.0 | 1290-1b10 | k.0 |
‘ v 11920-2000 { - 7.5 | 1840-2000 | »11.0 | 1850-2000 | »-5.5 ;
' CSS-148 | 10-2-78 1860-1920 | -17.0 ;
1530-1610 | + 7.0 | 1525-1590 | + 6.5 |1520-1580 | +3.5 !
1170-1250 | + 5.0 & 1175-1230 | + 5.0 | 1150-1190 ; +3.3 |
280- 310 | + 4.5 - - - -
220- 2L0 | + 7.5 200- 220 | + 3.5 - -
1620-1680 | - 6.0 - -
1290-1490 | - 4.0 - -
D v 1900-2000 | - 7.0 | 1000-2000| - 7.0 f
HoR-016 | 10-2-76 | 1860-1900 | -12.5 | 18k0-1900 | >11.0 | 1860-2000 | »=5.5 |
" 1525-1615 | + 8.0 | 1515-1580 | + 7.5 | 1520-1600 | +5.0
C g 1150-1250 | + L.5 | 1170-1230 | + 5.0 | 1110-1200 | +3.5 |
" 275- 330| + 6.5 | 275- 310 + L.O - -
‘ 240- 270| -17.0 | 220- 270| - 6.5 - -
A 1620-1720 | - L.5 - -
; L 1300-1490 | - 4.0 | 1300-1420 | 3.5
Y
" o
3-8
T
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SUMMARY OF TEST DATA (TASK B)

UNIT #7 - "X" TAPE #11A based cn S/N GRU-0T3 tested 6-2-78
Test Axis Qut of Tolerance Amplitudes :SdB
Article - Sine (SHzZBW) Random (SHzBW)| Random  (S50HZBW)
Date Hz dB Bz a8 Ez dB
X 18L0-1880 =4.0 | 1815-1910 =4.5 {1300-2000 -3.5
GRU-073 | 10~6-78 | 1665=1680 -3.5 | 16L0-1730 -5.5 11670-1780 =%.0
1555-1625 +9.5 | 1540-1615 +9.0 11530-1600 +4.5
1180-1280 +5.5 | 1170-1260 +5.2 11130-1230 +4.0
1430-1510 -L.s -
X 1550-1620 +8.0 153521615 +T.0 - -
HIR-082 | 10~9-78 | 1200~1280 +5.0 | 1180-1250 +5.0 - -
1900-2000 -3.5 11880-2000 =L.0
1820-1900 -5.0 |1800-1830 -4.C
1630-17290 -6.5 - -
1430-1520 -4.5 - -
X 1670-1820 -3. 1630~1730 -6.5 :1680-1730 -L.5
(35-013 | 10-9-78 | 1550-1620 +6.0 | 1590-1615 +6.5 |1520-1580 +3.8
1820-2000 -4.0 |183c-2000 -3.3
1430-1520 =L.5 - -
B-9




SUMMARY OF TEST DATA (TASK B)

UNIT #7 "Y" TAPE #11B based on S/N GRU-0T3 tested 6-2-78

Test Axis Out of Tolerance Amplitudes :BdB !
Article - Sine  (SHzBW) | Random  (SHzBW) | Rendom  (SOHzBW)
Date Hz ot} Hz 4B - Rz an i
Y 1890-1990 | - 6.0 ! 1870-2000 | - 7.5 ?1820-2000 >- 5.5;
GRU-073| 10-6-78 | 1650-1700 | = k.0 | 1635-1730 | - 6.0 [1660-1720 | = L.0:
1540-1630 | +11.5 | 1530-1620 | + 8.5 [1520-1580 | + L.S!
1150-1270 | + 5.5 | 1135-1260 | + k.0 | - - |
185- 220 | + 5.5 - - - -
1430-1520 | - 6.5 | - -
Y 1910-1980 | - 5.0 | 1850-2000 | - 9.0  1860-2000 | - 5.5,
HJR-082} 10-9-78 | 1555-1615 | + 6.0 1540-1615 + 7.5 :1510-1560 + L.oj
200- 220 | + 4.5 180- 210 | + 3.2 - -
1635-1740 | - 7.0 [1680-1720 | - 3.7
1430-1520 | - 6.5 11k00-1k60 | - 3.2
1150-1260 | + k.5 | - -
Y 1910-1990 | - 5.0 | 1860-2000 | - 8.0 |1830-2000 | - 5.5]
Ss-013| 10-9-78| 1550-1620 | + 8.0 | 1640-1615 | + 8.0 |[1490-1570 | + 5.0
1180-1260 | + 5.0 | 11L0-1235 | + 4.5 |1100-1160 | + 3.3
200- 220 | + 6.0 185- 212 3.5 - -
1630-1735 | - 6.5 |[16L0-1710 | = 5.0
1460-1520 - 5.8 - -




SUMMARY OF TEST DATA (TASK B) |
UNIT #8 - "X" TAPE #9A based on S/N JHA-0ll tested 5-31-T8

. Test Axis Out of Tolerance Amplitudes :BdB
Article - Sine (SHz BW)I Random (SHzBW) | Random {50HzBW)
Date Hz 4B Hz PodB Hz a8
} !
! X 19T70-2000 +L.0 i19oo-2ooo ‘ +311.0 {
ERG-005 | 8-28-78 | 1180-1250 | +6.5 11190-1250 | ¢ 3.2 | !
i ) 1100-11L0 | -3.5 [1070-1130 | - 3. * ‘
! 11000-1060 | -k.5 | - oo : '
13L40-1380 ! - 3.5 :
! | s60- 18 | - Lo ' ;




SUMMARY OF TEST DATA (TASK B)

UNIT #8 -

l'zll

TAPE #9B based on SIN EPG-002 tested 5-31-78

Test !T Axis : Out of Tolerance Amplitudes I3as
Article| - | Sine (5HzBW) | Random (SHzBW) |Random  (SOH2BW)
| pate | m B Hz | Hz 48
| !
|z |1820-183%0 | -35| - -
EPG-005 18—28—78 | 1750-1780 | - 5.0 |1740-1820 ! - 6.5 |
, i . 1L80-1570 - 5.5 |1k60-1560 | - 6. | !
% | 1380-1L10 - L.5 |2365-1L00 E - L. ; ‘
% } 1330-1365 + 4.0 - L. ‘ i
1 | | 12k0-1315 + 8.0 |1280-1320 ’ + L0 | |
: i | 1090-1190 + 7.5 |1130-1290 ¢ + k5|
! | 1050-1080 | + 5.0 - -
| ; | £80-1035 | ~ 9.5 | 926-1010 ! - 5.5
5 | €50- 790 | + 8.5 635- 830 ' + 9.0
| | 535- €20 | -12.5 | 53- 610 | -10.5 |
! | 510- 515 | + 3.5 - g -
j b 195- 205 + L0 - - ;
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CHAPTER 1

INTRODUCTION

1-1 SCOFE. This manual describes the detailed procedures necessary for
generating random vibration using an electrodynamic vibration system and a

cassette tape deck as a signal source.

1-2 BACKGROUND. The use of random vibration as a screen for latent workman-
ship defects found in electronic equipment, has proven to be more effective than
the sinusoidal form of excitation normally employed. The major deterrent to
universal acceptance of this technique is the impact this type of test would have
on program costs since a random vibration test facility is extremely expensive.

A concept for economically generating random vibration was evolved and has been
developed which capitalizes on the fact that most major electronic equipment
manufacturers maintain basic electrodynamic sinusoidal vibration test facilities.
This technique, which was structured to utilize these existing facilities, employs
a cassette tape deck, in lieu of expensive random programming devices, to excite
the basic shaker system.

This method of random vibration generation is accomplished as follows:

a. The system transfer characteristics to a 1.0g {peak) sine
sweep input are recorded (Figure 1-1).

b. The synthetic random spectrum requirements are calculated bty
adjusting the required random spectrum es a function of the
transfer characteristics obtained.

¢. The resulting synthetie spectrum is then recorded on tape

(Figure 1-2).

1l-1
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d. The tape is then useé¢ to drive an electrodynamic shaser system
(Figure 1-3).

| 1-3 THEORY OF OPERATION. This sect.: 1 describes the basic concepts associated
with the taped random technique. The concepts themselves are not new, but the
availability of highly linear and reliable stereo cassette tspe decks has pro-
vided a practical and inexpensive vehicle for use in the test laboratory.

This discussion encompasses two major aspects of the taped random technique:

a. Test concepts

b. Test operations

1-3.1 Test Concepts. The basic premise upon whick the taped random

vibration technique has been structured is that a low amplitude sinusoidal

frequency sweep can be used in determining the equalization required tc shape a

|
specific random spectrum for a test system. 1
In order to use the random equalization so derived in test operatioms, two con- l
ditions should exist:
a. The dynamic characteristics of the vitration system must not
vary significantly.
b. The random noise spectrum must be reproduced accurately
without significant variations.
This requirement for system stability is of primary izportance for amaking the
‘m technijue practical in day to day test operations with many samples of a

H : specific product. -

The degree of success in achieving these conditions will determine the type of
limitations ané test tolerances that must be applied to the technique,

This section will examine these requirements and the methods developed to assure

their achievement.
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1-3.1.1 Sine and Rendom Equslization. An electrodynamic shaker operates

in the same manner as a loud speaker does in a high fidelity audio system. A
low level audio signal is applied to a power amplifier to drive the loudspeaker
or shaker with oscillatory motion. In the case of a shaker the amplitude of

the low level audio signal is adjusted at the input of the power amplifier

to achieve a specified motion on the shaker armature, (to which the test article
is fastened). The amplitude of the required input voltage required to achieve g
constant motion of the shaker armature vasries with the frequency of the input
signel. This non-linearity is due <o electrical and mechanical resonances

in the shaker system as well as mechanical resonances ir the test package. The
process by which the amplitude of the input voltage is varied over the frequency
range to compensate for these resonances i1s called equalization.

In performing a normal 1.0g sinusoidal vibration sweep, equalizetion is
accomplished sutomatically by the servo-controller which varies the amplitude
of the oscillator voltage as much as reguired to hold the measured accelerstion
on the shaker head at 1.0g. A similar process is performed by an automatic
random equalization system which varies the spectral density within a frequency
band as required to maintain a preset spectral density as measured bty the random
analysis system in <that btand.

If no random analysils system is available at the test site, another method
mist be used to determine the reguired random equalization. Since the required
equalization depends only on the dynamic characteristics of the vibration system
ané not on the type of excitation (sinusoidal or random noise) the sinusoidal
equalization factors can be used to determine those regquired by <he random noise
spectrum.

The method used to measure these equalization factors and zodify <hem for the

rendom spectirum is discussed in detail in paragraph 1-2,Z.

1-6




1-3.1.2 System Stability. Once the process of synthesizing the random

equalization is accomplished using the sine sweep data, the next step is to
determine if system stability permits the use of the same random equalizstion
factors over and over again in day to day testing. (An automatic random
equalization system continually samples the spectral density levels at the 4
shaker head and adjusts the equalization every few seconds as required.)

Since the sine equalization factors are being used to predict the random
equalization, the factors that affect the sine equalization can be examined to ;
gauge their effect on the random spectrum., It was pointed out in paragraph 1-3.1
that electrical and mechanical resonences of the shaker system are the mein

causes of variations in the input voltage required for constant shaker head

motion. Since the resonant frequencies vary with the mass and stiffness of the
system (mechanical) as well as the capacitance and inductance of the circuitry
(electrical) variastions of these parameters must be minimized by imposing the
following restrictions on the use of a particular equalization curve:

a. No changes in the shaker and power amplifier.

t. No changes in the test article.

¢. No changes in the test conditions. i.e., (test axis, zlignment,

haréware, torque, etc).

If these potential variables are stabilized the single equalization curve

should be usable Iindefinitely, without problems.

Another possible socurce of instability not directly related to the equalization

curve is the medium used tc reproduce the egqualization voltage, namely the
nagnetic %ape system, The tape systexm used must be capable of accurate
rerroduction of the equalization voltage through repeated tlaybacks in day to

day test operations. The detailed procedures used in evaluating the fidelity

1.7
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3 ( and stability of the tape systex are presented In Chapter = and 4.

1-3.1.3 System Limitations. The requirement for system stability discussed

in the previous peragraphs imposes restrictions on the type of vibretion system
. thet the tazped technigue should be applied to. is technigue is ideally suited
to single product acceptance test programs where the entire vibration systerx (Qith
; ‘he exception of the test article) remains unchanged from test rur to test run.
The effect of ainor differences between test articles can be minimized by testiing
with fixtures thet zre significantly nore messive thdn the test azrticle. Figicdity
of the fixture should be maximized to limit the number of resonance that must

ce egualized.

Because these conditions czanot elways be reelized in practice, the spplication

i of the technigue stiresses the detzils of the test setup to assure the highest

, degree of uniformity from setup to setup. Test setups with high degrees of flex- !
ipility, non-linesrities, or high mechanicel noise levels should te avoided in
<he epplication of this technigue.

o~

The verification of tolersnces enprlied to the taped razndom vibreztion test pre-
sents provlems since it is zssumed thet many of the test laboratories utilizing

this rendom techrnicue will not have spectrum z2ralysis eguipment. A technigue

.

o8
vy

was therefore Zeveloped to use 2 low level sine freguency sweep to deternmin
the rexdom test will be within toleraznce. These tolerances are discussed in de-

+811 in Chapter 5 and 6.

1-3.2 Test Dperstions. The applicetion of the taped random technigue to

test operztions nes veen sutdivided into Zive principle chapters:

2 Tape Teck Reguiremerts
Z. Cbtaining Sine Transfer Tate

2. Preperation of Symthetic Random Tepe

B ol o b B g e
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d. Testing with Tzpe Randonm
.e., Troubleshooting the System
A principle ground rule in prepering this procedure was to direct it towerd &

single sheker levoretory operation with 2 minimum of sinusoidel vibratior equip-

ment. Chepters 1, 2,

L

ané 5 meet this requirement with the only new eguipment
reguirement being the tepe deck.
Chepter Lk, Prepasrstion of the Synthetic Rendom Tape is the exception to this

ground rule. This task requires, ss 2 minimum, e rendom vibration control console

and a spectrux znelyzer. The procedure however, has been designed so that pre-
peration of the rendom tape can be handled by en outside egency remote from the

testing laborstory performing the test.

1-3.2.1 Tepe Deck Requirements. The only new eguipment reguired to Implemernt

this test technigue is g tepe deck. The many inexpensive stereo cassette decks
on the market today adequately £ill the recording end playback requirements of
the technicue. Open reel recorders were not used because of the greater potenti
for tape dzmege due to handling.

The frequency response characteristics of & perticuler tape deck must be de-
terained experimentzlly to verify that it satisfies program requirements. Minor

non-linearities in the Ireguency responses must be measured end compensation fac-

tors determined to linerize the tape deck response when recording the synthetic
S random sigrnel. The tape deck requirements and the procedure for evalueting re-
sponse cheracteristics ené determining the compensation factor sre discussed ip

. detail in Chapters 2 aaé 6.

b *)
‘ 1-3.2.2 Obtaining Sine Trensfer Deta. Random equelizetion (para. 1-3.1.1)
: is accomplished synthetically using the results of 2 1.0g sinusoidal fregquency
} sweep. The sine desta in the form of irensfer functions (Power Amplifier Input

1-9




Voltage + peak acceleration - E/g) provides the basis for the rendom equalization
process. Since the accurate determination of the trensfer functiors require e
real tire analyzer or equivalent, for dstz zpalysis, 2 tape recording of the two
reguired perasmeters is made for trensmittsl to the agency which will prepare the
synthetic random tape.

This tepe recording of the 1.0g sine frequency sweep will serve another important
Mnetion vesides providing the transfer function deta. It will provide e aeens of
verifying the test setup prior <o performing the random vibretion test. Iz this
sense, 1t substitutes for a spectrum analysis of the rzndom test for whick the
target test laboratory is not equipped.

The utilization of this recording of the 1.0g sine frequency sweep to verify
the test setup by playback through the shaker system recessitated two specisl re-

juirements for the frequency sweep:

m

. TFregquency is swept from upper limit (2000 Hz) to lower limit
(20 Hz) %o zinimize the poterntizl for structural damsge due
to incorrect system gin azdjustment a2t the start of the sweep.
b. A one minute single frequency dwell 2t 1.0g is provided on the
tepe prior to the start of this frequency sweep. This serves
, as a reference for setting the sysiem gains for 1.0g amplituce
during pleyback.
Another importernt consideration in recording the sine sweep is the configurstion
of +the vibration system. Since this freguency sweep will serve as the randoxz
egualization refererce for 211 subsequent tests, the vibration system must be
identicel to that znticipeted for subsequent production testing. A prototype
r mockup of the test article cennot be substituted for the sctuel production
unit. £l1 test support ecuipment such &s cooling zir hoses, electrical cheskout

czbles, ete. which will te used on the troduction units, must te instelled for

1-10
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this test run.

1-3.2.3 Preparation of Synthetic Random Tepe. The preparation of the syn-

thetic random tape is the most demanding'task associated with the tape technique

and, as pointed out previously, requires the more sophlisticated eguipment. For

this reason, we heve included under this heading 2ll the tasks which require this

level of equipment and which can be performed by & remotely located agency.

There are several important preliminary steps leeding to the actual synthesizing

of the rendom voltage and recording it on tape:

a2,

[¢]

A

-

Playback of the 1.0g sine frequency sweep tape through en
analyzer to determine the sine transfer functions.
Playback of the tape cdeck reference tape to determine re-
corder characteristics.

termination of compensation factors to be espplied to the
sine trensfer functions. These compensation factors are
used to correct the finel random equalization for faults in
the sine equalization, or anticipated variations in the test
setup. Some examples are:

0 Non-lineer tape recorder chearacteristics,

0 Non-linesr damping characteristics of the test,
setup (between 1.Cg sine equalization end 6.0 Gras
rendom equelization).

o Veriations in resonant frequencies from test to test
of = 3% (determined empirically).

Calculation of the random voltege spectrum besed on the random

egualization calculated above snd the required test spectrum.




B

The final step is to synthesize the regquired random voltage spectrum using a
random equalization/analysis system. (It should be noted that the term
synthetic random refers to the method used for equalizstion rether than the
quality of the random signal. The voltage recorded is a true non-periodic
random noise signal with a Geussian distribution of amplitudes with peaks up
to 3 times the RMS value). This random voltage is recorded on the sine sweep
tape immediately after the sine frequency sweep. This facilitates the playback
of the sine sweep before running the random portion of the test as setup
verification.

The completed tape contains all the data necessary to perform the sine

and random vibration test on a specific vibration system.

1-3.2.4 Testipg with Teped Rendom. The use of a tape to

drive a vibration test system is much simpler in execution than a conventional
servo-control system. Since the tape already has all the equalizatioﬁ information
programmed on it, the test conductor needs only adjust the vibration system

gain control tc the required accelerati&n‘amplitude and the tape dces the rest,
The acceleration amplitude is continuously monitored on the RMS meter by the

test conductor so that he can reduce the test level or terminate the test in case
of a system malfunction.

A gain reference signal is recorded on the tape at the start of the sine sweep
to provide a reference with which the test conductor can set his system gain for
a reading of 1.0g (peak) on his RMS meter. The reference signal frequency is
chosen in a non-resonant frequency range to reduce the possibility of a shift
in the transfer function from test to test. Once the gain is set and the sine
frequency sweep started, the test conductor monitors the acceleration amplitude

on the RMS meter to determine if <the amplitude stays within the allowable

il




tolerance band around 1l.0g throughout the frequency sweep. If it does, this
demonstrates that the transfer characteristics used to derive the random

equalization have not changed. The test conductor can then proceed to run the

random portion of test by advancing the tape to the random portion of the tape end
increasing the system gain control until the required overall Grms is read on the
RMS meter.

If however, an out-of-tolerance condition is noted during the 1.0g sine sweep
the test conductor must troubleshoot the system to evaluate the significance of

the tolerance exceedance and take corrective action if indicated. A

1-3.2.5 Troubleshooting the System. The tolerances to be applied to the

1.0g sine sweep have been over-simplified so that the test conductor can determine
i - compliance by visually monitoring the RMS meter during the sweep. If a tolerance

| exceedance is noted he must obtain qualitative da’: on the bandwidth and amplitude j

of the exceedance in order to determine its effest on the random vibration test.
This will probably require that the sine sweep tortion of the tape be rerun and
a8 plot of acceleration versus frequency mede. With this plot the test conductor
can determine if a significant problem exists or whether the random test can be
performed. Guidelines for this evaluation are presented in Chapter 6.

If a problem with the vibtration system is verified the test conductor must

troubleshoot the system to isolate and correct the problem. In order to efficient-

~

4 ly troubleshoot the system a refqrence tape should be mede:
_-f a. Side A of the tape will contain the tape deck frequency
:.: response data, (Procedure outlined in Chapter 2)

¢ b. Side B of the %ape will contain a 1.0g sine frequency

’ sweep of the vibration system with the test article

i removed - fixture only. (Procedure outlined@ in Chapter 3)

1-13
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The frequency response tape (reference tape side A) can be used to verify
performance of the tape deck without operating the shaker system. The fixture-
only sine sweep tape (reference tape side B) can be used to isolate protlems in
the vibration system without subjecting the test article to repeated sine sweeps
during troubleshooting cperations. This tepe should be recorded at the start

of the program and retained as a troubleshooting aid for the duration of the

test program.

1-3.3 Sequence of Operations. A typical sequence of test operations is

shown in Figure 1-L. The test flow starts at the planning phase of the program ;
and runs through a typical production test sequence. Tape #1 is the reference ;
tape which has the recorder characteristics recorded on side A, and the fixture-

only sine sweep on side B. Tape #2 is the production tape with both the sine

sweep and the synthesized random recorded on side A. The sine sweeps of Tape #

and Tape #2 should be recorded at the same time to minimize any setup differences.

i The troubleshooting process required when test article or test facility problems
occur, is iterative and may require twc or three sine test cycles for problem

resolution.

1-1k
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CHAPTER 2

TAPE DECK REQUIREMENTS

2-1 GENERAL. A two channel (stereo) tepe deck shell be used as the vehicle “or
generating rendom vibration. This unit shall be either a compect cassette (stan-
daré size) or the larger, ZLCASET type. Selection of the deck shell be based
prizmarily on the ebility of the urit to meet the low freguency and dymamic range
requirements established for this technigue., The tape deck selected shell 2lso
be sizple to operate, purchesed {rom a reputable manufacturer and embody e proven

nistory of reliasbility and longevity.

2-2 SPECIFIC REQUIREMENTS. The tape deck selected shall meet the following re-
éuirements:
a, TFrequency response: 20-2000 Hz, = 3 4B
b. DSyramic range: The unit shall be capable of recording input signals
with veriations of 4C dB within the frequency response reguirements
defined in 2. zbove.
c. ignal to noise retio: 50 &B min.
d. Wow and flutter: 0.07% max.
e. Tepe speed: 1 7/8 or 3 3/4 inches/second
f. Tepe counter: The unit shall incorporete a tape counter with reset,
g. Metering; The unic shall include & VU meter for esch chennel which wi

function in both record and playback modes.

u

IFERINCE TAFE-TAPE TICK FREQUENCY PESPCNSE. In establishing the synthe-

.
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size¢ randoz spectrum an adjustment mey be required to seccount for certain varia-
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tions in the tape decks' response. The purpose of this procedure, delinested in

subsequent paragraphs, is to define the methodology required to generate & tape

embodying these characteristics.

The tape thus generated will serve to establish: a record of output versus input
voltage over both the frequency and dynamic ranges and also will provide e base-

line of operation for future comparisons after extended usage.

2-3.1 Technigue. Since a3 variety of tape decks and test equipment exist com-
mercielly, it would not be practicel to generste a procedure eppliceble to all
such items. The procedure defined has, therefore, been tellored to & particular
tape deck and equipment set-ups and will serve as & guide in esteblishing proce-

dures for similar equipment.

2-3.1.1 Equipment. The following equipment was used to evaluate g SONY EL-7
and 2 Harmen-Kardon HK2000 tape deck:

a. Sweep Oscillator: Spectral Dynamics, Model SD1OLA-5 (Provides a
constant output voltage from 20-2000Hz).

b. Precision Attenuator: Hewlett-Packard, Model 350D, (Provides a con-
verient method of decreasing oscillator output voltege in even 10 dB
increments from 0-L40 dB).

c. A.C. Digital Voltmeter: Fluke, Model 88004 (Indicates the rms out-
put voltage of the oscillator at the reference frequency).

d. Freguency Counter: General Radio, Model 1192B. (Sets the reference

requency of 1000 Hz and adjusts the sweep limits of the oscillator!

2-3.1.2 PRecording The Reference Tepe. Figure 2-1 depicts, in block diagrzm

form, the set-up required to record the reference tape. The following step-by-

Step procedure defines the reguirements necessary to perforz the recording:
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Set the following tape decx selector swiicnes o tne "OFF" positiorn:
(1) MPY Filter

(2) Memory

(2) DOLBY'MR'

Rewind the tape deck to start and reset the counter to zero.

Reset the oscillator tc tne manuel oode, preset <o 100C =z in step e.
Record the reference voltege end adjust the tape deck's "record level”
potentiometers until toth VU meters indicate 04 (+0Af, -1dB). Ze-
coréd at this level for 10 seconds. (. fter performirng tnis edjustxment
do not alter the "record level" potentiometer positions®.

After completing this 1C seceond recording enter the courter agumber
on the Tape Deck Dsts Sheet (Figure z-2) and reset the oscillator to
the sutometic sweep mode.

Record approximately 10 seconds et the lower limit of 20Ez and thnen
activate the sweep up mode.

After the upper limi< (2000 Hz) hes teen sttained, stop recording and
enter the counter nuxbers on the Tape Deck Dats Sheet (Figure 2-2).
Feset the oscillatcr to the lower sweep limit (20 Hz2) and set the stten-
uator for -1043.

Repeat steps gq. thru s. for sttenuetor levels of -204E, ~30dE and
-40az.

An oscilloscope can e used to verify the data taken ty observing

the recorder playback.
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Company Name:

Address:
, Tel. No.
1) Recording Data Date:
A) Recorded By: Dept:
B) Tape Recorder Mfr:
Modei No: . Ser, No.
C) Recording Tape Mfr: : Tape Type:
D) Tape I.0. or Ser. No.: 1
€) Recorder Max. input: Vrms: Ref. Voit. Vrms, 1000 Hz (OdB)
F} Tape Counter Data
Side ‘A’
Ref. Volt, From To : ]
0dB From To : !
-10dB From To B ,
-20d8 From To :
-30dB From To :
-40dB From To :
G) Remarks/Anomalies:
11} Playback Info.: Date:
A) Playback By: . Company
8) Tape 1.D. or Ser. No.:
C) Recorder Mfr.:
D} Recorder Model No.: Ser. No.
€) Analyzer |.D.:
1} Filter Bandwidths: Hz; Freq. Range Hz
2} Input Volit. Range: Vrms
F) Plot Sensitivity: dB/Inch (Y axis); Hz/tn, {X axis)
G) Data Points at 1000 Hz
0dB8 Curve d8;
-10dB Curve dB;
-20dB Curve dB;
-30dB Curve dB;
-40d8 Curve dB;
H) Remarks/Anomalies:
2938-3w
Figure 2-2 Tape Deck Data Sheet
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] ‘. ZIZnter all the marnufacturers ipformation orn the Tepe Deck Dete Sheel,

Tigure 2-2,-including the maximuz line Input voliege estatlished ty
the manufacturer.

5. ZEstablish the rms reference voltage representing the 0dB sizrnal snd
enter this velue on the Tape Deck Data Sheet (Figure 2-2). (& level
of approximately 85% to 90% of the manufacturer's maximum line input
voltage is recommended). ‘

c. Connect the sweep oscillator output to the sttenuastor input and set

+he attenuator to 0dE.

je N

Connect the counter and A,C.-DVM to the attenustor output.
e. Set <he oscilletor to the manual mode and adjust the frecuency to

1000 Hz (=1 =z).

lx]

. Adjust the oscillator output voltage *o the reference level (es-

| tatlished inb.

wnile monitoring the sttenueator outputr. After
adjustrert is made do not change the oscillator output controls.

Place the oscillator in the linear sweep mode, setl a sweep rete

n

of & Zz/sec (+2, -0 3z/sec.) and tnen reset the frequency o 20 Hz.
n. Set the oscillator to automatic sweep and slternately adjust the
lower limi+t to 20 Zz (<« O Hz -5 Hz) end the upper 1imit “o 2000 Hz
(+50 S2,-0 Hz).
i. Connect the zttenuatcr output to both line inputs of the tape deck

et
o

2. 1Insert a cacset® in 2 position which will record on side only.

%. Set the tape deck switch selectors tc the proper "Record” positiorns.

VYerify that the tape deck equalization (if selectzble) metches the

cassette tape type &nd record this informetionon the Tape Dleck Dste

Sheet (Figure 2-2).
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CEAPTER

OBTAINING SINE TRANSFER CHARACIERISTICS

3-1 SCOPE. This chapter defines the step by step procedures for setting up the
electrodynamic shaker system and recording the date necessary to determine the

sine transfer charscteristics of a specific test system configuration.

3-2 TEST SETUP. As indicated in Chspter 1, Background, the taped random
vibration test technique will yield satisfactory results only if conditions from
set up to set up ere duplicated exactly. Therefore, it is extremely important
thet the detailed procedures delineated in the following paragraphs be rigorously

observed,

3-2.1 Mechanical Test Setup

3-2.1.1 Secure the test article to the ftest fixture in a menner that can be
exactly reproduced on subsequent units. Tighten all bolts to specification require-
ments with a torque wrench. Connect and support all hoses, ducts, cables, etc.

in a manner which can be duplicated for subseguent units.

3-2.1.2 Secure the test fixture to the shaker head or auxiliary teble in &
specified orientation (with respect to the shazker trunnion) and torque the tie

-

down bolts to specification requirements.

NOTE
The test fixture shall be of rigid construction and shall be de-
signed to minimize low frequency resonances., To minimize the handling
and disassexbly cycles required, the use of multipurvose fixtures

(those utilized for more than one test article) is not recommended.

3-1
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3-2.1.3 Attach the control accelerometer <o the test fixture in close
proximily to one of the test article attachment points. The precise location shall
be selected to minimize mechanical noise feedback from the test article and reson-

ant peaks (as determined from prior data).

3-2.1.4 Document the complete details of the mechanical test set-up so that
they can be reproduced exactly in subsequent tests. This documentation shall
include 8 sketch or photographs of the set-up plus a specification sheet which
lists: the vibration equipment used, location of control accelerometer, location
and bolt torque of sttachment hardware, and identification and locetion of all
cebles, hoses and ducts connected to the test article. A sample specification ‘
sheet (Figure 2-1) has been included which describes the equipment, ete., used

in conducting an actual test.
NOTE

The test article used in determining the sine transfer function

must be mechanically identical to subsequent procduction units

which are to be tested.

3-2.2 Electrical Test Setup

3-2.2.1 Configure the shaker power amplifier for the specified test
conditions, i.e.,the shaker system shall be adjusted for the calculated power and
peak voltage reguirements for the random spectrum which will be used (see Chapter 1,
Theory of Operation). Set all veriables such as plate voltage, field current,
amplifier gain, output trensformer tap, etc. to these calculated conditions which
will be used for the lg (peak) sine run, as well as for the subsequent teped

random test.

P N S o te
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3=-2.2.2 Connect the output from the control charge amplifier in persllel
to the tape deck and the sine-servo controller inputs. Then connect the input
to the left channel of the tape deck in parsllel with the input to the power
amplifier from the servo controller output thru the pre-amplifier or gain controls

which are normally used. (see Figure 3-2 for sample block diagram)

3-2.2.3 Configure the sinusoidal vibration system in the manner normally

used for conducting a 1.0g (peak) sine sweep from 2000 to 20 Hz at & logarithmic

sweep rate of one octave per minute.

3-2.2.4 Document the details of all electrical parameters sc that they can
be reproduced exactly in subsequent test set-ups. This documentation shall include
a block diagram schematic of the test set-up plus a2 data sheet listing: =all equip- ?
ment used, control settings of the equipment and significent voltage and current
readings. Figure 3-2 has been included as a sample electrical specification sheet

for an actual test conducted.

3=-3 TEST PROCEDURE. The following procedures shell be utilized for producing
e tape recording of the transfer characteristic of the system under test., Tzble 3-1
depicts the data to be recorded as well as the segquence and duration of each data
segment. The procedure is presented in the four sequential steps necessary for

obtaining a successful tape recording:

a. Preliminary Test Run ﬂ

b. Recording Calibreting Signel

c. Recording Gain Reference Signal

d. Recording Sinusoidal Sweep

3-5




Table 3-1 Sequential Listing of Data Recorded on Tape

Elapsed Title of Left Recorder Channel Right Recorder Channel
Tape Time Segment (P.A. input Voitage) (Control Acceleration)
0 Min /
10 ~ No Signal Recorded No Signal Recorded
1.0 Min
1.0 Min Sine Signal — P.A. Input 3.0g peak Sine Signal —
to Calibration Voltage (1K Hz typ.) Charge Amplifier (1K Hz
2.0 Min typical)
20Min 7
to0 7 / No Signal Recorded No Signal Recorded
3.0 Min .
3.0 Min Gain Sine Signal — P.A. Input 1.0g peak Sine Signai —
to Reference Voltage Charge Amplifier
4.0 min
4.0 Min Reset Low Level Sine Signal — Low Level Sine Signal —
to Frequency P.A. Input Voltage Charge Amplifier
4.5 Min
4.5 Min Sine Varying Sine Signai — P.A. 1.0g peak Sine Signal —
to Sweep Input Voltage (freq. 2000 Charge Ampilifier (freq. 2000
11.3 Min to 20 Hz) to 20 Hz)
11.3 Min
to No Signal Recorded No Signai Recorded
30.0 Min

NOTE: Table above applies to the tape when cassette is placed in recorder with side
"N marker facing outward. Because of the narrow width and staggering of the
tape heads, a completely separate recording in the reverse direction can be
obtained when cassette is reversed with side “B*’ marker facing outward. See
illustration below.

LEFT

ELAPSED TAPE TIME IN MINUTES TAPE HEAD o ﬁ
o G0 = 2 3
7 ]

T W
e
e
CAL GAIN RESET SINESWEEP RIGHT ;
2935 10w TAPE HEAD




3-3.1 Preliminary Test Run - A preliminary test run shall be conducted

before the actual sine tape recording run. The objectives of this initial run

are:
a. To measure the maximum power amplifier input voltage required
* during the sine sweep.
b. To determine the frequency of the gain reference which will be ‘
recorded on the tape. '
The power amplifier input voltage measurement will te used to set the recording L

level of the left tape channel. The gain reference (see Chapter 1, Theory of
Operation) is required to provide the operstor with s stationary taped signal .
which will permit sdjustment of system gains necessary to cbtain a lg (pesk)

sine level.

3-3.1.1 Set up the sinuscidal oscillator and servo control eguipment for

a 1.0g (peak) sine sweep from 2,000 toc 20 Hz at a logarithmic rate of one octave
per minute. Connect the control accelerometer to the accelerometer input of the

servo controller to complete the servo loop (see Figure 3=2).

3-3.1.2 Connect an RMS volimeter or eguivalent in parallel with the input

to the shaker power amplifier to monitor voltage during the sine sweep (see

Figure 3-2).

'~ 3-3.1.3 Energize the shaker sy;tem using the nominal values of the parameters
discussed in para. 3-~2.2.1. DPerform the lg sinusoidal sweep described above.
Monitor and record the power amplifier input voltage during the frequency sweep
to determine the following data points:

a. Maximm power amplifier input voltage and the frequency of this-voltsge.

b. Gein reference frequency. The choice of this frequency is arbitrary




but should be guided by the following ground rules.

(1) The frequency should be above 300 Hz to minimize the potentiel . -
structursl demege from potentiel mistakes made during initial edjustment of the
shaker system gain.

(2) The freguency should be at the center of a 100 Hz or wider freguency
bend in which the power esmplifier input voltage remains relstively constant. This
will avoid resonant peaks whose frequency may shift slightly from setup to setuf.

(3) 1In cases where several non-resonant bands are available, the frequency
selected shall be one in which the amplitude of the power samplifier input voltage
is close to the average for the various bends.

(4) Frequencies above 1500 Hz should be avoided since this region is most
sensitive to minor variations in the test setup.

Record the gain freguency on the Tape Data Sheet. (Figure 2-3)

3-3.1.4 It is recommended thet the preliminary test run be repested as re-
quired so thet esn accurate getermination of the deta points can be obtained. The
use of an X-Y plotter, if aveilable, will grestly facilitate test data scquisition.

3-3.2 Recording Calibration Signsl. Recording & celibretion signal of known

frequency and voltage on both tape channels serves the following purposes:

a. It provides a known reference for verifying tape system validity during
troubleshooting operations.

b. It is used to set the tape deck input level to provide maximum dynamic
range during subsequent recordings. This is especially important for the power
amplifier input voltage recording when the full LO 4B usable recorder range is'

often required.




Tape No.:

Side:

Date:

S/N.

Test Article:

Part No.:

AXIS:

Test Specification:

Test Location:

Test Engineer:

Cassette Deck:

Preliminary Run Data:
® Maximum P.A. Input Voitage:

Vrms

H2

® Gain Reference:

Vems

H2z

Tape Data:

Laft-PA Input Volitage

Right-Control Accel

Tape Elapsed Title of
Counter Time Segment

Voltage

Frequency

Voltage

Frequency

Comments

_

Calibration

_

Gain
Reference

Reset
Frequency

Sine
Sweep

\
\

Random

2938-12W

Figure 3-3 Tape Data Shest
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3-3.2.1 Apply a 3.0g (peak) signal at approximately 1000 Hz to the right
(control sccelerometer) channel of the tape deck (& charge amplifier output sen-
sitivity of 100 mv/g is recommended for the sine tests to minimize noise end
provide higher recording level to the tape deck). The ouiput calibration signal
of the accelerometer charge amplifier may be used for this purpose. Adjust the

tepe deck input level to obtain a2 O éB resding on the right channel VU meter.

3-3.2.2 Apply & voltege signal at 1000 ¥z 0 the left (power emplifier in-
put voltage) channel of *he tape deck. This shell be zccomplisheé by turning off
the power to the shaker system and using the compressor-off mode of the servo-
controller to provide the reguired 1000 Hz signel. Adjust the output level of
the servo-controller to approximetely 10% higher smplitude then thet messured
in the preliminary test run {reference paragraph 3-3.1.3). Thern, sdjust the
tape deck input level to obtain & O 4B reeding on the left chennel VU meter.
This will provide an undistoried recording range of +4 dB/-LO with respect <o

the maximum level required for the sine sweep.

3-3.2.3 Set the tape counter 2t zero and then advence the itape {wiithout re-

cording) for one minute of elzpsed time. Stop the recorder at the conclusion of

i one minute.

3-3.2.4 Place the tape deck in the record mode zndé recoré the <wo calitre-

- ticn signels for one minute of elapsed Time. Stop the tape deck =t the conclusiorn

J of the one minute.

"t 3~3.2.5 Record &all significant parzmeter measuremernts, including %ape

counter readings, in the zpproprieste box on the Tape Detaz Sheet (Figure Y.

-

(W)}
Ca

5 3-3.3 Recording Gain Reference Signel. As previously discussed, the purpose

3«10




of the gain reference signal 1s to provide the shaker system operator with e
stationary signel of sufficient duration to permit the shaker system gain adjust-

ment necessary to obtain a lg (peak) at the control accelerometer.

3-3.3.1 Set up the sinusoidel oscillator and servo control equipment for
a lg (peak) sine sweep from 2000 to 20 Hz at a logerithmic sweep rate of one

octave per minute.

3-3.3.2 Advance the tape using the playback control (without recording) for

one zinute of elzpsed time. Stop the recorder azt the conclusion of one xinute.
NOTE

The tape deck must be left running once it is starteé (for re-
coréing the gain reference signel) uniil the end of the sweep.
This is dore so that no systez input levels need be changed once

they are set using the gazin reference.

-

3-2.3.3 Adjust the upper “reguency limit of the sweep oscillator froxz

2000 Hz to the fregquency chosen as the gain reference (see peragraph 3-3.1.3)
S - [ R |

3-2.3.4 Fnergize “he shaker system with +the nominel perameter values used
in the preliminary run (parzgraph 3-2.2.1). ZEring the level to lg (peex) a2t the

gain level freguency.

3-3.3.5 Place the tape deck irn the record mode end record the gein reference

signel a2né control accelerometer output for one zinute.

3-3.3.£ Zecord all significant perameter measurements (including tape count-

&

er readings) in the zppropriate box on the Tape Deta Sheet (Figure 3.3).




3-3.4 Recording Sinusoidal Sweep. As indiceted in paragraph 3-3.3.1, the tape
4 s

deck is left running after the gain reference signel has been recorded. It is
important that the transition from this single frequency dwell be made without

changing any of the shaker system gains and without consuming excessive ftape time.

3-3.4.1 After recording the gein reference signel for one minute, reduce
the servo controller "set" level %o minimum (less than O.3g pesk) and reset the

upper Srequency limit of the sweep oscillator to 2000 Hz.

3-3.L4.2 With the upper sweep freguency limit =t 200C Hz, readjust the servo 4
controller "set" level to 1.0g (pesk) =nc start the sweep oscillator sweeping

down.

3-3.4.3 When the sweep oscillator stops at 20 Hz, reduce the servo level t¢

mirnizum and stop the tape deck.

3-3.L.L De-erergize the shaker system. Record all sigrnificant da== or the

Tape Data Sheet (Figure 3-3).

NOTE

If the test laboratory has random test egquipment, proceed to
Chapter U, £, however, no such capability exists, the re-
sponse tapes generated shall be forwarded to the agency for
synthetic random tape preparation. When the tapes are prepared/

returned, proceed to Chapter 5.




CHAPTER &

PREPARATION OF SYNTHETIC RANDOM TAPE

L-1 SCOPE. This section describes the procedures reguired to:
a. Determine the sine transfer characteristics of & perticuler test system
utilizing the sine sweep tape (ref. Chapter 3).
b. Perform the celculations necessary for defirning the syntheti: random
spectrum.

¢. Record the randox vitration spectrum tape.

!

4-2 DETERMINATION OF SINE TRANSFEER CHARACTERISTICS. The processing of the taped
sinusoidal sweep to establish system transfer characteristics czn be accomplished
in verious ways depending on the analysis eguipment available. The ené product
is 2 series of sire trensfer functions presented in E/g terms i.e., power ampli-
zer (P.4.) input volzage (E) + control ecceleration (g). Each T/g velue is

distinct for the freguency band into which the spectrum is divided.

-

L.2.1 Pleybeck the sine sweep segment of the tepe (see Chapter 3, pare. 3-3)
througn & reel time znalyzer or ecuivalent in order to remove unwanted noise and
hermorics from the test data. An X-Y plot of both the left chennel, i.e., the
P.A. irput voltage egnd the right chernel, i.e., the control eccelerstion, is re-

guired. (see Figures L4-1 eand L4-2),

4-.2.2 3Sut-divide the filtered date into Jreguency tends. The nurber esrnd
width of <hese “requency bends must correspond to those of “he random enelyzer/

0 shepe the synthetic rarndom spectrum. (Exaszple:

oW
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TAPE DECK
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Figure 4.1 Setup for Playback of Tape Through a Spectrum Analyzer
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the frequency renge from O to 2000 Hz). A sample tsbuletion is shown in Figure

k-3,

¥

4-2.3 Within esch frequency vand divide the averzge emplitude of the P.A. in-
put voltage (E) by the corresponding average amplitude of the control accelerstion
(g) in that bend, to yield the sine transfer function (E/g). The absolute values
of voltage and zccelerztion zre not required,thereby meking it more convenient to
operste in logarithmic terms (dB's). As shown in the saxmple Tsbulstion Sheet
(Figure L4-3) the sine transfer function (E/g) in eech band was celculeted by sub-

tracting the control sccelersetion from the F.4. input voltiege. ’:
NOTE

Wwnen working in logerithmic forz (d&E).multiplicetion aznd éivision
can be sizplifiec to computations involving only adéition end sub-

traction.

4.3 COVPENSATION FACTORS. Once the sine “ransfer characteristics (E/z) of the

test system have been celculeted (see Figure 4-2, column (C)), factors cen be

{

zpplied to compensate for variavles or non-linearities which influence the cor-
relztion vetween the sine znd randoz cherscteristics. Three <ypes of compensa-
tion fzctors nave teern identified z2nd a2re discussed in detail:

g. Czssette tepe decx chzracteristics

t. Verilances in sine transfer characteristics

c¢. Non-linearities in sirne response.

4=3.1 C(Casset<ie Tape Deck Characteristics. 3Zach tezpe cessette deck has dif-

'

Jerences in freguency

esponse charscteristics. Slight variations cen often
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be found betweer identical models due to manufacturing tolerances. These charec-
terisitcs must be compensated for during preparstion o2 the synthesized randon
tape, to assure that 2z tzpe deck with a 5 dB roll-off et 20 Hz will not result
in en under test.

The procedure for testing a tape cassette deck to determine its freguency
characteristics is described in detail in Chapter 2, Tape Deck Requirements. The
average deviation in nlayvack from the signel recorded in each band is cooputed

as shown in pera L-2.1.32. Acompensation factor is then determined for each tand

to offset this deviation. As an example, if the playback is down - 2 &B in the
20 to 31 Hz "and, 2 +3 48 compensation factor would be applied to thet band. 4 ,

sample compensation factor is tabulated in rigure k-3, Column D.

The following paragraphs describe the procedure reguired to obtein 2 gravhical
plot or tabulaition of the tape decikt's response charecteristics previously recoré-
ed on a tape cassette (as described in Chapter 2). Although this procedure has
veen tailored to specific items utilized, similar type equipment mey be substitu-

ted and should provide equivalent resultis.

L-3,1.1 Tcuipment Description. The equipment described below was used L0

recover the test data previously recorded (see Chepter 2) on %two izpe decks, =

Sony EL-7 and a Hermorn-Kardon ZX2000.
a. Spectrum Analyzer: Nicolet Scientific Corporation, Model 440

(used 4o monitor ihe recorded output volizge as e Sunction of

freguercy. This snelyzer provided date 2t & tandwidth of 5 Hz,

: slternste eguipment with a tandwidth no greater than 25 Hz is

¢
acceptable,
B T. X-7 Recorder: Hewleti-Peckard, Model T04TA (used, in conjunction
%
. with the analyzer to provide the finzl plot of volizge versus
4




{ frequency).

4-3.1.

a.

The

Verl

2 2Playback Procedure

Review the applicable portions of the Tape Deck Data Sheet, Chapter
2, Figure 2-2, to verify that the reference tape identificetion/
serial is the correct one for this applicetion.

Connect the tape deck’'s left channel output to the enalyzer input.

NOTE

fication of the right channel output should be accomplished

using the same procedure described herein. Significent differ-
ence petween channels shoulé be noted in the remerks section of

' Chapter 2, Figure 2-2.

Set the analyzer inpu:t frequency range and voltage level to encompass
the 2,000 Hz frequency range and the voltage level listed in Chapter
2, Tigure 2-2. (furnisked with ‘he pre-recorded tepe).

Record this information, plus the filter bandwidths in the Playbeck
section of Figure 2-2.

Set +he analyzer output mode to provide a freguency scale end
logarithmic amplitude (d3) sezle.

Set the X-Y recorder to the correct sensitivitlies o record the snti-

cipeted levels.

LIoTE

v exis (zmplitude) sensitivity should be cepable of detecting

a one 4B variztiom.

ka7




f. Using the pre-recorded reference volitage (@ 1000 Hz), set the play-
back level control so that the output voltage level is at the -3 4B

value of the anslyzer's full scale input range.
NOTE

Once the playback level has been established at 1000 Hz, do not re-

adjust the level control again for the valance of the procedure.

g. DPlaytack the first (0 dB) curve into the analyzer and record the ac-
tual dB level (@ 1000 Ez) on the Tape Deck Data Sheet, (Chapter 2,
Figure 2-2).

n. Using the output level (@ 1000 Hz), set the X-Y plotter pen to =
cornvenient level at the top of the graph pever during pleaybeck of
the curve.

i. 7Plot the 0 &8 curve, which is the first recorded on the tape.

j. Repeat steps £ through i for the -10, -20, -30 and -LO &8 curves.
The output at 1000 Hz., for eech curve, may de used as the referencg
point for that curve and may 2lso be used to locate the plotter pen
on the zraph paper. ZPlace each curve at 2 convenient point telow

the proceeding curve (reference Figure L-L)

L-3.1.3 Data Analysis. The output voltage plots generated during tape

playoack(para. 4.3.1.2) are to be used to fetermine the compensation (in &B)
necessary L0 assure correct tape deck response.
2. Sub-divide the curve into freguency bands corresponding to those for

the random znelyzer/equalizer system thet is used to shape the syn-

thetic random spectrum. Chepter U4, pera L-2.2,
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b. Determine the 4% level for each frequency bang.
¢, Determine the difference in dB level between esch curve dste point
{(4) (see Figure 4-4 ) and its corresponding reference point (B)
(see ®igure 4.4 ) a2t 1000 Hz, for each of the five curves.
d. Average 2ll five difference values to deterzine the overzll averzge
for EEEE freguency band.
The overall average estatlished in 4, represents the compersation require to ac-

count for any tape deck response charscteristics.

4.3.2 Variance in Sine Trapsfer Characteristics. It wes empirically deter-

mined thet sine trensfer characteristics (E/g) veried in frequency vetween test
units and from éay to day test operations. These variations were approximately,
+3% (Frequency)and less then =3 dB(Amplitude) ssmeasureé st mirimur end meximum
peaks in the (E/G)curve). In order to compensate for these variances in the pre-
paration of the synthetic rzndor tape a method was evolved to minimize the po-
tential for overtesting at resonances and antl-resonances of the vitration sys-
tem by reducing the synthetic random voltage requirements in these freguency
oands and also o prevent undertesting at conditions of amplitude varisnces. The
resulis of these investigations concluded that no positive compensetion factors.
resuliing in en increzse in voltazge reguirements were to te used 22d negstive
compensation factors were limited to -4 d3, “o reduce the under *est potential,

The choice of points in the sine transfer charscteristics reguiring compensa-
tion a2re chosen 2t frequerncy bends in wiich large sbrupt changes or pesks, either
positive or negative, exict in the iransfer characteristics.

Calculate <he reguired compensetion factors for esch of <hese freguency -Sends

as follows:

L-10
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i

1

L.3.2.1 TFrequency Variation. Utilizing the test dsta transfer cherscter-

istic curve obtained in Chepier 3, determine for each resonance or anti-resonance,
tvo freguency bands (in accordance with the procedure delineated telow) end select
the one that encompasses the fewest rumber of cycles:
a. Establish the center frequency end calculete a value egual to £ of
that frequency. (The 6% includes =3% to reflec:t the variesnce in
unit to uni*t resonances and =3% which considers the slopes reflect-
ing the increasse and decrease of the resonant reference).
. At each center frequency determine the bandwidth et the half level
points (-6 dB), =nd increase that bandwidth by adding =3% of <he

center frequency to reflect unit to unit resonances,

L.3.2.2 Azplitude Variation. UDetermine the averzge amplitude variztion in

&2 for each filter bandwidth within the frequency variation estzblished in per.
L-3.2.1. (a2 minimum of ihree 25 Hz bands is required). Reduce each of these
armplitudes ty 0.5 dB to compensate for resonan and anti-resonant conditions.
Then calculate the overzll mesn amplitude of the average level of esch of

these bands. Typicelly this would include one or two 25 Xz filters on eithker

side of the zeximum or minimum peak response frequencies.

L.3.2.3 Compensation Tactor. In eech filter bandwidth determine the come $

pensation factor Ty subtracting its unmodified amplitude from the mesn amplitude

calculated in 4-3.2.2. The positive differences are discarded and the negetive

differences ere then added to the filter ampliiude to reduce the level to the
czlculated meen.

A sexple curve which illustrates the procedures described in per. «-3.2.1 ané

=-3.2.2 for e typicel mesimum zné mindmum peek is shown in Tigure -5, The
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celeuwlations utilizing these procedures are presented for two examples:
Example No. 1. (E/g) maximum peak occurs in filter No. 1 which hes en
average amplitude of 7.1 dB.
. a. (Celculate the freguency variance.

(1) Center frequency of filter No. 31 is 662 Hz.

' (2) =% of 622 Hz = 239.72 Hz or T9.44 Hz.
(3) Thre nalf level bandwiéth (-6 dB) = 150 Hz.
(L) =3¢ of 662 Hz = =15.86 Hz

(53) £19.86 Hz (39.72 #z) + 150 Hz = 189.72 Hz :
(8) Select 7¢.LL Hz since this is the lower of the two values

.28

n

This frequency spread encozpasses & range of 662 Hz =36.72 Hz or &2
to 701.72 Hz, and includes filter Ho.s 30, 3l and 3Z2.

z. Cealculate mean exmplitude in the cocpensation bend

SUM OF AVERAGE AMPLITUTE IN ZACH BAND

Tilter| AmplitudeiCorrection| (A)-(®)

Yo, (A)  |Factor (B)

20 |61 | -0.5& |56d |
31 | 7.1483 | -0.54 | 6.5a

32 6.2 & -0.5 az 5.7 43

Totel = 17.8 4B

o Mean = 17.3 dB/3 = 5.9 &8

[$]
€2
[6)
=
[#]

zlate compensation’ factor

Tilzer Wo. 20: 5.2 &8 (mean) - 6.1 &8 (4} = -C.3 43
Pilser Wo. 32: 5.9 ¢B (mean) - 7.1 & (4) = -1.2 dB

Tilter No. 3Z2: 5.C¢ 48 (mean) - 6.2 4B (£) = -0.3 4B

Tvazple Jo. 2. (E/g)minimum peek occurs between filier Nes. 48 end sG, with

4-13




a. Calculz*e the frequency variance
(1) Center frequency between filter No. 48 and L& is 1100 Hz.
(2) 5% of 1100 ¥z = =56 Hz or 132 Kz.
(3) The half level bandwidth (-6 &B) = 54 Hz
(%) =3% of 1100 Hz = =33 Hz
(5) £33 "z (66 Hz) +54 Hz = 120 Hz i
(6) sSelect 120 Hz since this is the lower of *he two velues. |
This frequency spread encompasses a range of 1100 Hz =60 Hz or 1040 to
1180 Ez 2né includes filter Nos. L7, 48, 4G end 50 (orly £full bands are

to te cornsidered).

(3}

Calculate the mean amplitude in the compensation bands.

SUM OF AVERAGE AMPLITUDE IN EACH BAND]

Tilter| Amplitude [Correction | (£)(3) |
No. (&) Factor(B) |
v7 1 5,84 | -0.5& 5.3 |
58 | 1.6a | -0.54 |1.34B j
4c 1.7 &8 -0.5 dB 1.2 43 ;
sc | 6.0a |-c.5a |5.583 |
. -
Totzl = 13.3 &8 |
o Meen = 13.3 &8/L = 3.3 a3
2. Clelculate cozpensation factor
- Tilser No. L7: 2.3 ¢B (mear) .5.8 &2 (A) = -2.5 &3
; Filter Zo. LB2: 3.3 &2 (mean) -1.8 &3 (&) = 1.5 &8 *
. Tilter No. 42: 3.3 ¢E (mean) -1.7 4B (&) = +1.6 & *
‘ Tilter lNic. 50: 3.2 d® (mean) -£.0 & (&) = -2.7 &3

L-1k
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* . - - P
Positive compensation factors are not used in order to minimize

overtest potential.

b

The celculated compensetion factors are tabulated ir column ¥ of the sarxple

X

Tabulation Sheet, Figure L4-3.
NOoT=
Trnis method of compensation hes veen xept simplistic to precvide
the evident gprlication to “ypical test ticles. Incdividuel
test systems may lend themselwves to more rrecise methods of ver-

iance compensations.

L.3,3 Nen-Lineerity in Sine TZesponse. In Chapter Z, Theory of Cpersiion, one

of the prexzises of the tape tecnnizue was lineer behavior ¢f the wvibrastion systexz
with respect to freguency znd sxplitufe. This idealizetion Is not often reelized

in actual <est operations. In *he Initizl study orogrzz conducted e 2§g {pezx’

sine sweep yielded more szcourazte transfer characteristics, (for the reguired

6.0 Grzs rendom spectruz), than did the = 1.0g (pesk) sine sweep. The difference
was orly significent st low frequency resorences and anti-rescnances wh friz-

tion demping decreased in effectiveness z2s zmplitude increased.

'y

ollow non-linear vitretion theory zné <ends o te

~ unigue to tlack Tox zttachment herdware. This hardwere, such a2s standerd

"

"Vil-gspec” swing bol<ts and high-torgue cam locking =nuts, texnd to respond in

. e non~lineer fzshion when the attachment lozad is zomentarily exceeded. There-

fore, since 1t is not considered desiratle <o increase the =zzplitude cf the

izl sine sweep o Zzg (peex), if.e., to zirnizmize <he risk of sccident

2
PRIV
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over test, the following Is recommended. Where it can be deterzined that z
resonant concition exists, due to mourting hardware, decrezse the synthesized

rarnden spectrum, in those filter tands aifected, To 2 maximum of -3 4&E.

by

5.4 Corrected Sine Transfer Che racteristics. The sine transfer functiorns

.3) 2nd “zbulated in column (c¢) of

N
[\

Jetermined, (ref. parz. &,
corrected using the various compensation factors described in the preceecing
Teragrephs. Since the data is in logerithimic terms (
exzople, the three different types of compensation faciors,referenced in columns

in Figure L-3, can be zdded directly o tne sine transfer fuinctions

Thils sample calculstiion Is cerried out on en individuel basis for ezch of the

systez Tilters shown.

Lod SYIITEETIC ZANDOM VOLTAGE. The calculatiorn of the syrnihetic randorx volieze
Ze influenced by orly wo Tzecitors: 1) the sine trznsfer Tunciion, snd ) the re-
guired random test spectrum. Since the Jormer nhas zlrezdy bteen extensively
covered In previous parzgrarhs, this secticn will exaxine ihe Zeterminstion

- - ~ - T .- . < —~ - - - - ~ - - - —a - - ~ 7 2 - = ~
o the randez volizge using the znozminel random test spectiruz, znd now it sheuld

y - - - - - - v e A . - - .y L mm - - - e Y < L -
tren Te nerzzlized o qonforz with the random egueslicsiion systenm utilized iz

Lre syninesization.




AD=A099 789 GRUMMAN AEROSPACE CORP BETHPAGE NY F/6 14/2
UTILIZATION OF TAPED RANDOM SPECTRA FOR VIBRATION TESTING.(U)
DEC 78 6 HIRSCHBERGER, J J POPOLOr J DEVITT NO0039-77=-C=0360
UNCLASSIFIED NL




p

10 e
""lg ol X
IR -
= 2
122 [l pis

’

MICROCOPY RESOLUTION TEST CHART

NATIONAL BUREALU B TANDARDS 196+ A

ol




Frequency Band Spectrum Density

20 to 80 Hz +3 dB/oct rise to .okge/Hz

80 to 350 Hz 0.0hgafﬁz

350 to 2000 Hz -3 dB/oct roll off from .Oth/Hz

Overall Grms = 6.0

For convenience in performing the subsequent synthetic randem voltage caclula-
tion the required test spectrum cesn be put in logarithmic terms {dB) specified

for each of the bandwidths used in the random equalization system. This is ac-
complished by sssigning a positive dB value to the highest spectrel density ampli-
tude. The dB value should be chosen high encugh so thet the lowest amplitude
value cen still Ye represented by a positive 4B value. (This will avoid sign
mistakes in the calculations). For the sample spectrum above a value of +10.0 &B
was designated for 0.0hgz/ﬂz and the spectrum in 4B is determined graphically or .
by formula as shown in Figure 4-6. The dB value determined for the center fre-

quency of eech filter bandwidth is tebulated ir column H as shown in Figure L-3.

L-4.2 Calculation of Required Synthetic Random Voltage (E/Hz). The actual

synthetic random voltage (Z/Hz) required to drive the vibration system to the
required random spectrum level is determined by multiplying the sine transfer

function ty the reguired test spectrum:

Be * Bz T Frm
Utilizing the logerithmic form (dB) the required random specirum (column
(3) of Tigure 4-3) should be added to the tabuleted sine transfer functions
(column (G} Figure U4-3)., This will yield the resultant synthetic rendom vol-

tage necessary for each individual filter bandwidth. (column I of Figure L4-3).

This data is plotted graphically in Figure L-7.
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L-4.3 Normeslizetion of Synthetic Rendom Voltage (ge/ﬁz). The final step in

the calculation is to normalize the synthetic random voltage into terms that cen
be programmed into the random equalizetion system used for recording the synthe-
sized rendom tape. Since wost rendom equalization systems are designed to handle
the spectrum in terms of ga/Hz rether than E/Hz expressed in dB (column (I) of’
Pigure 4-2) normelization fectors must be derived to make this trensformetion.
The first step in the normeslizetion calculstion is to choose 2 0 dB reference
in ga/Hz such thet all the synthetic voltesges (when normelized) will fall within :
the dynsmic range of the esnalyzer. This is eccomplished by assigning the highest
synthetic rendom voltage (column (I) of Figure L-3) @ gz/Hz value equal to 80¢%
of the highest equalization range.
Example:
o Dynemic range of equalizer: .00l to 10.0 ga/Hz
o Highest synthetic rsndom voltege: + 18.05 dB, _
set + 18.05 dB = 80% of 10.0 ge/Hz = 8.0 gelnz (gx) end solve for
go(where dB = 10 log sx/go
18.05 dB = 10 log 8.0 -10 log g
So g = 125 ga/Hz ( O @B reference for normalizetion)
0 To solve for gx (normalized spectral demnsity) for any bandwidth

filter (X) use the following equation:

éB =
¥ 10 log gx/go

de = 10 log gx/.l25

de
9 :iIU}
g, = .125 x 1 (normelization equation)

The normslization equation is then applied to the value of the synthetic random

roltege in esch bandwidth (column (I) Figure 4-3) to determine the normelized

L-20
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spectral density - gz/Hz vhich is tebuleted in column (J), Figure 4-3. An example
utilizing the E/Hz dB velue (column I) for Filter No. 1k is detailed below:
Filter No. 14 synthetic random voltage: +13.9 4B

normalization reference: O dB = 0.125 gQ/Hz

. . "213.9 E
| then g (Filter No. 14) = 0.125 x 10 10

= 3.07 52/Hz
4-5 RECORDING OF SYNTHETIC RANDOM TAFE. The preparation of the synthetic rsn-
dom tepe is handled in 2 menner similar to that used when conducting & normal
random vibration test except that no sheker system is utilized. The output
of the randoz equelizetion system is directed instead to the casssette tape deck.
It should be pointed out thet the synthezetion of the random tepe requires lsh-
oratory facilities which include as 2 minimum; & 30 channel equalization system

(filter bendwidths the meximum size permitted for analysis (see Chepter 6,

Table 6-1), & guassian noise generator, and & spectrum analyzer with 8 stetis-

. -———

ticel accurscy of 100 degrees of freedom minimum with filter bandwidths refer-

ence egbove,

The actual process of genersting the random tape will be divided into three

sections:
a. Progremming of Random Equalization System
b. Fecording of Tape

o ¢. Verification of Rendom Spectrum

4=5.1 Programming of Random Equalization System. While a minimum of 30
channels of equalizetion (over the 20 to 200 Hz frequency renge) is technically

acceptable, experience has shown that for good results the equalization filter

4
{ bandwidth should be half or a third of the msximum permittable anelyzing band-
; width. It is therefore suggested thet the equalizetion system have as a
Y
i
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minimum, 80 channels dividing the test range into 25 Hz bandwidths. Since the
operating conditiops for the equalization system are dynamically steble during
the recording of the tape, a manual equalization system will provide acceptable

results.

4-5,1.1 The random equalization system is operated in 2 closed loop mode,
i.e. the output of the equalization system is fed back into the analysis section
of the random control system. (It should be noted that this technique was de-
veloped using & Ling ASD/ESD 80 Rendom Control System - it can be applied with
only minor modifications to other systems currently in use.) Figure 4-8

shows & block diagram of the setup.

L.5,1.2 Program the equalization system using the normalized synthetic
random voltages for each bandwidth which were calculated in para. U4-3.3 and
tabulated in column (J) of the tabulation sheet. (For the Ling ASD/ESD 80
System. This 1s done by a;djusting potentiometers in each equalizer bandwidth

until the corresponding analyzer meter in the band reads the correct spectral

2
density g /Hz)

4.5.1.3 When all equalization channels heve been programmed, the spectrum
shepe of the synthetic random voliage should be verified by a spectrum analysis.
(see para. L-4.3). The resulting spectrum anelysis should be compared to the
required synthetic random voltage which is shown graphically in Figure U4-7.
Deviations in excess of 0.5 4B should be corrected by readjusting the equal-
ization in the frequency bands which are out-of-tolerance. The spectrum ana-
lysis should be re-run and the process repeated as required to meet the = 0.5 dB

tolerance.

k.22
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4-5.2 Recording the Tape. The recording of the synthetic random spectrum on

the cassette 1s procedurely identical to that used in the recording of the sine
transfer tape described in Chapter 3, Obtaining Sine Transfer Characteristics.
The recording is mede on the same tape cassette as the sine svweep in sccordance

with the sequentisl steps outlined in subsequent paragraphs.

1-5,2.1 Verify that the tape cassette is the correct one for the test ar-
ticle and test setup., Determine which side of the cassette corresponds to the
test axis or condition to be recorded. ILoad the cassette into the tepe deck

with the side designation required (A or B) fecing outward.

4.5.2.2 Rewind the tape cassette to its start position end then set the

tepe deck counter to 000.

L-5.2.2 Determine the tape deck counter reading for the end of the sine

sweep. This informstion is on the Tepe Deta Sheet, Figure 3-3.

L-b 2.4 Advance the tape using the fast-forward control till the tape deck

counter reads 2 to 3 counts sbove thet locating the end of the sine sweep.

4-5.2.5 Advance the tepe using the pley-back control (without recording)
for one minute of elapsed time. Stop the recorder et the conclusion of one

zinute.

4.5,2.6 Switch the tape deck VU Meter for the left channel to record (input)

1f menuel switching 1s required.

L-5,2.7 Adjust the tape deck recording level control for the left channel

so that the left channel VU Meter reads between O end -1.0 dB. The master gain

- e me— ..__«.‘-.'T«- B e
. . B . . -




control of the random equalization system mey 2lso have to be adjusted.

L-5.2.8 Place the tape deck in the record mode and record the rsndom vol-

tage signel for an elapsed time fo 17.5 minutes.

L.5,2.9 At the conclusion of 17.5 minutes gresdually reduce the record level
control on the left channel to minimum. (For an elespsed time of approximstely

15 seconds).

L-5,2.10 Allow the tape deck to run with minimum input signsl until it

sutomatically stops et the end of the tape.

4.5.2.11 Record 2ll significent parameters (including tepe recorder resd-

ing) on the Tape Data Sheet, Figure 3-3,

4.5.3 verification Of Rendom Spectrum. Before using the random tape in test

operations, it is essential to verify the spectrum shape of the synthetic rendom
voltege over the 17.5 minutes of recording. This is especielly important when
recording with older random equalization systems where the level in individuel

filter bendwidths can drift off the set point.

L.5.3.1 It is recommended that the analysis be mede with & resl time zna-
lyzer using nerrow band filters of 10 Hz bandwidth or less. The szmpling pera-
meters should be adjusted to yleld = minimum stetisticel accuracy of 100 degrees
of freedom. A block diagram of the setup for spectrum enalysis is shown in

Tigure L4-1.

L.5,3.2 45 e minimum, four ssmples of the recorded rendom spectrum should
ve analized:

5. After 1 zinute of elapsed tinme

4-25

. erge—— ._,__,.,'_ T T T LT T T e e e e




] N b. After 5 minutes of elapsed time
! ¢c. After 10 minutes of elapsed time

d. After 1S minutes of elapsed time.

* 4-5.3.3 Rewind the tape to the counter reading corresponding to 1 minute

of elapsed time in the recorded random spectrum (see Figure 3-3).

4-5,3.4 Activate the playback mode of the tape and adjust the output control

level to a convenient setting for the analyzer to be used.

L.5.3.5 Start the analyzer sampling of the playback data. When the ana-
lyzer has sampled sufficient data for the required averaging confidence, the tape

deck should be stopped.

L.5.3.6 The random spectrum computed by the analyzer should then be compared

with the required synthetic random spectrum (shown graphically in Figure L-7). A

' convenient way of doing this is to plot the analyzer output directly on the greph

paper containing the graphic outline of the required spectrum. It should be noted
thet the sbsolute velues of the recorded voltages are not significant so the "Y"

axis pen position can be adjusted to superimpose these plots. (provided the spen

adjustment is not changed - 10 dB/inch in the sample shown in Figure 4-7).

”* ' 4-5.3.7 A % 1.0 dB tolerance should be applied in comparing the recorded
spectrum with the required spectrum. Exceedance in excess of = 1.0 §B will re-

quire the re-equalization of the random spectrum and re-recording of the tape.

4-5.3.8 The tape should then be advanced to the counter reading corres-

. a .j-uLA.. -

ponding to 5 minutes of elapsed time in the random recording and the analysis

repeated as described in preceeding peragraphs. Repeat with tape at elapsed

k).

time of 10 and 15 minutes.

L.26




Lk-5.3.9 TFollowing the successful verification of the recorded random
spectrum, the recording tabs on the tape cassette should be moved or broken

off (per manufacturer's directions) to prevent accidental errasure of the data.
NOTE

If the reverse side of the tape 1s to be used do not position

the "record" defeat tebs until both sides have been recorded.

L.27




( CHAPER 5

TESTING WITH TAPED RANDOM

5~1 SCOPE. This chapter defines the procedures required for setiing up the vi-
bration system and for the playback of the sine end random tape recording through
that system. Application of these procedures will verify the random test setup

and insure the performance of the specified random spectrum vibration test.

5~2 TEST SET-UP. As indicateé in Chapter 1, Background, the taped random vibra=-
tion test technique will yield satisfactory results only if conditions frem setup
to setup are duplicated exactly. Therefore, it is extremely impcrtant that the
detailed procedures in the following paragraphs be rigorously observed. The me-
chanical setup for this test should be identical to that described in Chapter 3,
para. 2-2.1. The electrical setup as described in Figure 3-2 differs in one sig-
nificant feature from that utilized in recording the sine tape, i.e., the input

) to the shaker system is provided by the cassette tape deck.

-

5-2.1 Electrical Test Set-Up

5-2.1.1 Connect the left channel output of the cassette tape deck to the

power amplifier input (see Figure 5-1).

NOTE
N
The right channel output is not connected during playback. It contains
! the recorded reference control accelerometer signal.
”
1
..
; 5-2.1.2 Connect a true rms meter to recoré the serve output cf the contrel
3 accelercmeter charge amplifier (see Figure 5-1). During the sinuscidal test run, ;
- the signal can alsc be monitored by the serve-controller meter., Where equipment is
b :
' :
) ]
. d
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aveilable, it is strongly recommended than an X-Y plot of acceleration versus

' frequency be generated.

5~2.1.3 Configure the power amplifier at the same mettings used in record-

. ing the sine tape as described in Chapter 3, parsgraph 3-2.2.1 and tabulated in

the Sample Electrical Specification Sheet (see Figure 3-2).

5-2.2 Deviations From Specifications - In circumstances wvhere unavoidable de-~

viations from the Mechanical or Electrical Specification Sheets (see Figure 3-1

and 3-2) exist, i.e., test equipment unavailablility, changes in hardware, elec-
trical parameters or interfaces, it is strongly recommended that the test article
be removed and & fixture-only sine sweep be made for comparison. This procedure
is detailed in Chapter 6, Troubleshooting, paragraph 6-3.1 All deviations shall

be recorded on the Acceptance Test Data Sheet (Figure 5-2).

S~3 TEST PROCEDURE. The following procedures shall be utilized in performing
the sipe and random vibration tests incorporating the pre-recorded cassette tape
as an input to the shaker system. The procedure is presented in two sequential
steps:

a. Tape sine sweep

b. Taped random vibration test.

5-3.1 Taped Sine Sweep ~ As indicated in Chapter 2, Theory of Operation, the

purpose of the sine sweep is to replace the random noise gpectrum analysis nor-
mally required to verify the input spectrum applied to the test article. This is

accomplished by accurately monitoring the control accelercmeter for deviations

about the required 1.0g (peak) input during the application of the sine sweep

discussed in Chapter 3, paragraph 3-3.3.L.

e}, 4.

5-3.1.1 Prior to test, verify, that the tape cassette title discription cor-

o

5-3
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Tape No. Side: Date;
1 Test Articie: S/N .
Part No. Axis
Test Specification:
. Test Location
'. Test Enginer:

Deviations from Electrical and Mechanical Specification Sheets

Note: Add additional Sheets, if required

| = Sine Sweep Test Data

Run Start End Amplitude Deviations
No, [ Time | Counter | Time | Counter Freq Band | Amel. Comments

I — Random Test Data
® Nominal Test Grms
® Correction for Bandpass
® Correction for Exclusions

|

. Test Grms
S Run Start End Test Article
& Na. Time Counter Time Counter Grms Functional Data Comments
T
F ]
| l
b, I
] I
5 |
P I
. [}
S '
: 1
. ]
P 2935.8W
A Figure 5.2 Acceptance Test Data Shest
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5-3.1.9 The tape deck will run continuously from that point uptil the end
of the sine sweep. The tape is programmed to initiate the following sequential
events:
a. One minute of dwell at 1.0g (peak) at the gain reference frequency
b. Twenty second drop in level while frequency is reset to 2000 Hz.
c. Ten second increase in level at 2000 Hz to approximately 1.0g (peak)
d. Seven minute frequency sweep from 2000 to 20 Hz.

e. Ten second decrease in level at 20 Hz.

5-3.1.10 During the frequency sweep from 2000 to 20 Hz, the control acceler-
ation amplitude shall be monitored continuously with the rms voltmeter or servo-
controller "g" meter. Deviations from the nominal 1.0g (pesk) level or the rms
voltage equivelent, shall be recorded when the value exceeds the tolerance band
specified in Table 5-1. The tape deck counter time shall also be recorded on the

Acceptance Test Date Sheet (see Figure 5-2).

TABLE 5-1
Tolerance Eend For Sine Amplitude Deviations
Frequency Range Upper Amplitude Limit lover Amplitude Limit
Hz Sveep Time db g db g
2000 to 1000,0 to 1 min. +6 2.0 -6 0.5
1000 to 20 |1 to 6:40 min. +3 1.4 -3 0.7

5-3.1.11 It should rot be necessary to change the amplitude or master-gain
setting during the sweep once it 1s set during the gain reference recording por-
tion of the tape. If a variation does exist, i.e., the amplitude consistently
averages higher than the upper tolerance band (see Table 5-1), ‘he master-gain

shall be reduced to an average azplitude closer to the 1.0g (peak) level and the

— = —p—— - - PR — e — e e e tw denn IR ECE I SONEEE




responds to the test article and setup. Insert the tape cassette into the deck
such that the side designation which corresponds to the required test axis or

condition, faces outward,

5-3.1.2 Utilizing the electrical configuration described in paragresph 5-2.1,
verify that the amplitude or master gain control of the shaker system is in the

zero or off position.

5-3.1.3 Revind the tape cassette to the start position and set the tape deck

counter to 000. ‘

5-3.1.4 From the Tape Data Sheet Chapter 3, (see Figure 3-3) determine the

tape deck counter resding locating the recorded Gain Reference Signal.

5-3.1.5 Prior to test, switch the left channel tape deck VU meter to output

if manual switching is required. If the tape deck utilized has an output level

control, move it to the full output positionm.

5-3.1.6 Advance the tape using the fast-forverd control until the tape deck
counter reads two to three counts beyond the start of the recorded Gain Reference

Signrel.

5-3.1.7 Verify that the shaker system is in & "run" or operste mode and

activate the playback control on the tape deck.

5-3.1.8 (tserve the left chennel VU meter for s positive resding (above-20dB)
when the tape resches the Geir Reference Signel. When & positive resding is ob-
served slowly increase the amplitude or master-gain control of the shaker system !

uztil 8 1.0g (peak) or its equivalent rms voltage is read on the rms voltmeter

" mn

or servo-controller "g" neter.




NOTE

It should not be necessary to readjust the amplitude or master gain
control to maintain the oversll Grms level. If any change is evident
* during the test period it may indicate a problem involving the test
article or test equipment. If the change is grester than 10% of the
test level, terminate the test by turning the amplitude or master gain

to zero (off) and refer to Chapter 6, Troubleshooting, paragraph 6-3.
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change noted on the Acceptance Test Detz Sheet (see Figure 5 2).

5-3.1.12 At the conclusion of the frequency sweep portion of the tape, as
evidenced by a drop in amplitude on the RMS voltmeter and left channel VU meter,
the amplitude or master gain control shall be reduced to zero (cff) and the tape

deck stopped.
NOTE

If amplitude variations during the test run exceeded the tolerance

bands, in Table 5-1, proceed to Chapter 6, Troubleshooting.

S5=3.2 Taped Random Vibration Test - This sectiom outlines the procedures re-

Quired to perfcrm the random vibration test using the tape deck unit. During the
random vibration test the true RMS voltmeter shall be utilized to accurately mea-

sure the overall EMS amplitude of the vibration spectrum (see Figure S5-1).

5-3.2.1 The nominal Grms for the required test spectrum was established by
basic test specification. This value mey have to be modified to correct for

charge amplifier bandpass.

5-3.2.1.1 The correction for the charge amplifier bandpass may be neces-
sary to compensate for control accelercmeter and charge amplifier sensitivity to
the vidration energy above the nominal 2000 Hz upper limit of the test spectrum.
This energy is associated with mechanical noise and harmcnics of the test spec-

trum. An increase of 5% in the nominal Grms level is recommended to compensate

for this energy.




. -

NOTE

If the charge amplifier or RMS voltmeter have a 2000 Hz low pass filter,

no correction factor is necessary.

5=3.2.2 Prior to the test verify that the shaker system is in an operate

mode and the amplitude or master gain control is in the zero or off position.

5-3.2.3 Advance the tape using the fest forward control until the tape deck
counter reads two to three counts beyond the start of the Random Ncise Spectrum

(see Tape Deck Sheet, Chapter 3, Figure 3-2.

5-3.2.4 Activate the playback control of the tape deck. Observe the left
channel VU meter for a positive reading (above-204B) indicating the start of the
random signal. At this point slowly increase the amplitude or master gain until
a reading of the required Grms times the charge amplifier sensitivity is realized
on the True EMS voltmeter (Zxample: a 6.0 Grms test with a charge amplifier sen-

sitivity of 10 mv/g will read €0 o e o0 the voltmeter).

5-3.2.5 At the conclusion of the required random test time, the amplitude or

master gain control shall be reduced to zero (off) and the tape deck de-energized.

£~3.2.6 The maximum duration of the taped random signel is 17.5 minutes.
The end of the signal is indicated by a gradual decrease in noise level over 15
seconds followed by LS seconds of no signal. Test time duration greater than 17
minutes will require rewinding the tape to the random signal start location on

the tape deck counter and then repeating steps 5-3.2.L and 5-3.2.5.
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CHAPTER 6

TROUBLESROOTING THE SYSTEM

6-1 SCOPE This chapter describes the procedures to be used in two principal

arees:
&, eanalysis of the sine sweep data to determine the significance of an out-
of-tolerance problem.

b. troubleshooting of the various systems to isolate the cause of the

aroblenm.

6-2 ANALYSIS OF SINE SWEEP DATA. Most potential problems that may be encounter-
el vher s75lying the tape technigue should appear a8s out-of-tolerance accelera-
tion amplitudes during the taped sine sweep. (see Chapter 5, par. 5.3.1). TWot
11l of these out-of-tolerance conditions present during the sine sweep will re-
sult in significant problems in the random portion of the test. Therefore, before
proceeding to troubleshooting, some guidelines for meesurement apd interpretation

of the sine sweep data are provided.

6-2.1 Measurement of Sine Sweep Response. Accurate determination of bandwidth,

frequency and acceleration amplitude are required for meaningful interpretation of
the sine sweep data. Therefore, it is suggested that if out-of-tolersace condi-
tions sre noted on the RMS voltmeter during the initial sire sweep (see Chapter

5, para. 5.3.1), a second sine sweep be made during which a plot of accelerstion ver-
sus frequency be recorded. This data can be acquired utilizing an x-y recorder

with & time drive and log converter as shown in Figure 6-1 and 6-2. An oscillo-
graph or similar recorder can also be used.

6-2.2 Exclusions to Sine Sweep Tolerances. Three types of exceptions to the

6-1
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LOG \A
CONVERTER AXIS X-Y PLOTTER
- S5dB/INCH
FROM
PWR AMP
& TAPE DECK
Procedure:

1 Perform the Sine Sweep in accordance with Chapter 5, Paragraph 5-3.1 but with the set-up of Figure
5-1 modified as shown above and described below:
a) Connect the Charge Amp. “Servo Out,’’ to Log Canverter AC Input”
b) Connect the Log Conv. “Output” to the Plotter Y axis input”

c) Set Plotter “Xaxis” to “Time Function” selecting a sweep rate to capture at least a seven minute
sweep.

d) Set Plotter “Y axis” sensitivity to 5dB/inch using the Charge Amp. Calib. Signai and Log Conv.
Attenuator

2  Set the tape to the 2000 Hz dwell point prior 10 sweeping

3 Start tape and sweep activating the Plotter Sweep two-three counts, using the tape counter, prior to the
actual sweep

4 The piot may be made on either plain or graph paper.

§ Prepare an overlay, similsr 1o Figure 6-2 of Frequency versus Elapsed Time for a one octave/min. sweep
rate. Figure 6-2 was drafted for 8% x 11 paper with a Piotter Sweep Rate of 50 seconds per inch,

6 Since the Plotter Sweep was started while the tape was at the 2000 Hz dwell lt'ho first few seconds of
the piot will be a fiat line. Devistion from the line indicates "“start of sweep.

7 By placing the 2000 Hz point of the overiay atop the “start of swesp’' point the frequency, at points
siong the piot, may be determined.

2035.6W
Figure 6-1 Block Diagram for Accelerstion Vs Frequency Plots
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general sine tolerance specified in Chapter 5, Table 5.1, have been identified

and will be discussed in detail in subsequent paregrephs:
a. Compensation Factor Exclusions
b. Bandwidth Exclusions

¢c. Lower Tolerance Exclusions

6-2.2.1 Compensation Factor Exclusions. As explained in detail in Chapter

4, pars. L.2.4, compensation factors have been applied to the random tspe to
correct tape deck characteristics and shifts in resonant frequencies. Since these
factors have not been included in the sine portion of the tape, these deviations
shoulé be considered to predict their effect when running the rendom noise test.
For exsmple, Chapter 4, Figure 4-2, shows 2 totel for lineerity snd vaiance
compensation factors of -4.0 4B for filter No. 13 (213 Hz). Therefore & +7 dB
spike st this frequency in the sine sweep will be reduced to & +2.9 4B spike in

the random portion of the test, which is within ecceptable tolerances.

6-2.2.2 Bendwidth Exclusions. As discussed in Chepter 1, Theory of Opera-

tion, the measurement of 2 random spectrum is accomplished by averaging the vi-
bration energy over a finlte band of frequencies with meximum bandwidths renging
from 25 to 100 Hz. For example e +7 dE spike of 30 Hz duration st 1500 Hz in
the sine sweep would increasse the random spectrum in 2 100 Hz bandwidth (1450 to
1550 Hz) by only +2 d3 which would be within the required random spectrum toler-
ences. A tabulstion of sine-random equivslents for different bandwidths when
measured at the half signel level (;6 dB) is presented in Chapter S5, Tsble 5.2.
The deviations noted during the sine sweep (2fter correction for compensation
factors - pars. 6.2.2), should be reduced by the bandwidth factor %tabulated in

Tsble 6-1 and 6-2. (but not to less then O dB, the nominal noise level).




e Table 6-1 - Sine - Random Equivalents for Analysis Bandwidths (Maxima) _ __ ___}
( e = —
Frequency ' Maximum dB Change in Random Deviation Per Sine BW
Range Bandwidth 10 120 30 Lo { 50 |60 { 75 | 100 | 150
20 to 200 Hz 25 Hz 4 i-1i 0| o]l oo of o0 0
200 to 1000 Hz 50 Hz -7 | <4 | -2 | -1 0 0 0 0 0
1000 to 2000 Hz 100 Hz <10 | =7 | 5| -4 | -3 | 2] -1 © 0

6-2.2.3 Lower Tolerance Exclusions. Since reductions in amplitude, part-

icularly at higher frequencies, do not threaten the structural integrity of the
test article or the validity of the random test, we can apply less stringent ;
tolerances in this region. Since most significant structural resonance occur :i
below 1000 Hz, the allowable amplitude drop outs above 1000 Hz will be -12 4B

with a maximum cumulative bandwidth of 300 Hz.

6~2.3 Non-Exclusion Area of the Spectrum. No exclusions from the upper tol-

erance band, (ref. Chapter 5, Table 5-1), will be permitted because of the po-
tential for damage to the test article. Likewise no exclusions from the lower
tolerance band (see Table S5-1) below 1000 Hz will be permitted since it may com-
promise the validity of the test as a gquality control tool.

If amplitude deviations (in excess of the tolerance limits which cannot be
disposed of or reduced in sccordance with par. 6-2.2) are found, refer to the L
Troubleshooting Section, par. 6-3 for methods of isolating and correcting the

v cause of the tolersnce deviations.

'4
5 6-3 SYSTEM TROUBLESHOOTING, When it is clearly esteblished that an out-of-
; tolerance acceleration density level in the random portion of the test exists, ‘
random testing should be postponed until the source of the problem is found and i
i.
i3
6-5 l
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corrective action applied. The specific troubleshooting methods to be utilized
( are discussed in two parts:

a. Troubleshooting aids

®. Troubleshooting guides

6-3.1 Troubleshooting Aids. In Chapter 1 it was directed that a reference

tape be made to provide base-line date for use in troubleshooting. This tape
will provide test signals for checking out the tape deck as well as sine trans- i

fer data for the vibration system without the test article. (fixture only).

6-3.1.1 Side A of the reference tape will consist of the tape deck freguen-

¢y response sine sweep which was described in detail in Chapter 2.

6-3.1.2 Side B of the reference tape consists of a sine transfer charecter-
istic tape, as described in Chapter 3, except that the test article was not in-

stalled on the vibration fixture. (fixture-only sine sweep)

6-3.2 Troubleshootiggicuide. The following guide 1s intended to assist the

test conductor in isolating the cause of some of the more obvious problems thet
could occur, when using the tape test technigue¢. It does u®. provide an in-

depth solution to these problems since many will require eguipment repair or

the preparation of new tapes. It is agein stressed that the tape technique re-
quires exact duplication of test conditions. Even minor variations wmay shift
.‘ the dynamic characteristics of the setup beyond the compensation range of the

tape. The variations must be corrected or a new tape synthesized to reflect the

. altered test conditions.

‘ 6-3.2.1 Isolating the Problem Area. All the anticipated problems can be

isolated to three separate though interdependent systems:

6-7




a, Tape System
b, Vibration System
c. Test Artlcle
These systems can be further sub-divided into subsystems as follows:
a. Tape System
o tape deck
© tape cassette

b. Vibration System

0 power amplifier and sheker
o test fixtures
o test instrumentation
c. Test Article
o test article mechanical configuration

0 support eguipment intefaces

6-3.2.2 Troubleshooting Procedures. In order to isolate the cause of 2

problem to & particular system or subsystem a series of verificatior checks
should be made within the subsystem which reveal the source of the problem.
Figure 6-3 is a troubleshooting guide for verifying the function of each sub-
system. The sequential order in which the checks are performed must be deter-_
mined on the basis of most probable cause for a particuler test symptom. Table
6-2 presents a tabulation of possible test symptoms and a list of most probable
causes.

Once the source of a problem has been isolated corrective action may be ini-
tiated. It is recommended that all troubleshooting on the vibration system be

performed with the test article removed using the reference tape (fixture only

sine sweeps). Testing with the test article should not be resumed until the
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Table 6-3 Most Common Test Problems & Probabie Causes

Most Probable Causes
Test Symptom {in decreasing order) Comments

No vibration 1 Tape Deck Check for output voitage from the tape
amplitude on shaker 2 Tape Cassette deck,

3 Power Amplifier & Shaker
Insufficient vibration 1 Tape Deck Insufficient gain — check settings of al!
level on shaker 2 Test Instrumentation gain controls and shaker fisld current.

3 Power Amplifier & Shaker

4 Tape Cassotte
Over-ail level too 1 Test Article Probably shift in response characteristics
high or low but 2 Test Fixtures at gain reference frequency. Will not
within tolerance 3 Support Equipment interface affect rsndom test results.
Minor out-of- 1 Test Fixtures Probably a shift in response character-
tolerance accsleration 2 Test Article istics caused by minor varistions in
fevels 3 Support Equipment Interface mechanical setup of vibration system,

4 Power Ampilifier & Shaker

5 Tape Deck

6 Tape Cassette

i Test Instrumentation
Major out-of- 1 Tape Cassette Most probable cause would be the wrong
tolerance acceleration 2 Test Fixtures tape being used.
levels 3 Test Article Variations in the mechanical setup is aiso

4 Power Amplifier & Shaker a strong possibility.

5 Support Equipment Interface

6 Tape Cassette

7 Test instrumentation
Abrupt change in 1 Test Article Very possibly will indicate a8 mechanical
random vibration 2 Test Fixtures failure of the test article or its attachment
level 3 Power Amplifier & Shaker hardware,

4 Tape Deck

5 Support Equipment Interface

6 Tape Cassotte

7 Test instrumentation

Vibration Amplitude
on shaker but no
acceleration level on
RMS voltmeter

-,

Test instrumentation

Accslerometer not connected to the
charge amplifier is most likely cause

29235-009W
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fixture-only sine sweeps produce in-tolerance results.

In cases where the problem cannot be resolved, but the response characteris-
tics appear repeatable, a new tape should be made following the procedures out-
lined in previous chapters. This might be the case wvhere a pre-existing vi.

. bretion system problem such as & weak output tube, misaligned slip table, etc.
is detected during meintenance and corrected. It would be good practice to
run the fixture-only reference tape after any major maintensnce or repair pro-

cedures are performed on the vibration system in order to detect this type of

problen before production tests are run.







