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PREFACE

A

Naval Avionics Facility, Indianapolis (NAFI) was contacted by
NAVAIR regarding the acquisition of flight data for two components,
Tape Recorder RD-375/ALR-60 and Magnetic Drum Memory, MU-600/ALR-60,
of the Deepwell System installed in the EP-3E Aircraft. It was
suspected that failures, which were occurring during shipment and
in-flight operation, were the result of a vibration and/or shock
environment. The Environmental Sciences Branch 443 was requested by
the NAFI Program Manager D/905 to acquire the necessary data during
Flight Tests at NAS Fallon, Nevada during the period of 11 through
15 November 1974,
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The data were obtained for analysis during the Flight Tests of
the Deepwell System installed in EP-3E Aircraft G6 (Bureau No.
150505) o detérmine magnitudes of the vibration and/or shock
responses and also the flight conditions that resulted in the most
severe responses. The results obtained from the data analysis will
be used to suggest possible corrective actions relative to the
failures being incurred by the components.,

In conjunction with the acquisition of the vibration and/or shock
data, the Environmental Sciences Branch 443 was also i2quested by the
NAVAIR representative for the Deepwell Program at NAS Moffett Field,
to measure acoustic noise levels at the Secure Communications
Station, Position 18, Since the equipment for measuring the acoustic
noise levels was available, acoustic noise level measurements were
obtained at various locations throughout the interior of the aircraft
in additiorn to the requested location.

N~

Analysis of the flight data was performed during the interim of
November 1974 to April 1975. This aralysis was interrunted two
separate times for the purpose of acquiring additional vibratlon data
in the laboratory for the Deepwell and ARIES Programs and three
separate times for the purpose of analyzing data and preparing reports
relative to the two programs. The additional vibration data were
obtained during special laboratory evaluations of the Tape Recorder,
RD-375/ALR-60 (refer to Environmental Sciences Branch 445 Report
ESL-157 dated 14 March 1975) and the ARIES Lower Rotary Joint Assembly
(refer to Environmental Sciences Branch 443 Report ESL-162 dated
31 March 1975). The third report concerns the Analysis of the
Vibration Environment for ARIES installed on EP-3E Aircraft (refer to or
Eavironmental Sciences Branch 443 Peport ESL-1€3 dated 11 April 1975).

This report describes the data acquisition methods, data analysis
prccedures, results obtained from the analysis of the flight data, the ,
comparison of tne Flight Test results with the data obtained for the
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recommendations for correct’re action to alleviate the present
failures.

Funds for conducting *le acquisition and analysis of the flight

l Tape Recorder during the spectil laboratory evaluation, and
l data were provided by N&fT Job Order 1652-1.
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I. CONCLUSIONS

1. The mechanical damages being incurred by the Tape Recorder,
RD~375/ALR-60, during flight operation and shipment are primarily the
result of the t—ansport 'banging'" into hoth the case and front cover
of Tape Recorder. This "banging" is attributed to the "softness"

of the internal isolators that support the transport and their
igability to restrain the deflection of the transport within the
allotted space when the Tape Recorder experiences the low frequency
vibration and the rather low level shock environment encountered
during the flight operations. Although not measured, it is the
opinion that the shock environment encountered during shipment

would be even more severe than that experienced in field service.

2. From the special laboratory evaluation of the Tape Recorder,
reported in Environmental Sciences Branch 443 Report ESL-157 dated
14 Mareh 1975, it was concluded that either the Tape Recorder was
not qualified to the applicable vibration specification or the
production units do not reflect the design of the unit qualified.
Analysis of the flight data supports this conclusion and suggests
the same may be true for the applicable shock requirement.

3. Ansalysis of the data obtained for both the Tape Recorder, RD-375/
ALR-60, and Magnetic Drum Memory, MU-600/ALR-60, indicate the following.

a. The 'softness'" of the internal isolators that support the
Recorder tramsport results in the transport experiencing resonance
frequencies at both 8 and 17 Hz, with the 8 Hz resonance beirig the
most severe.

b. The sinusoidal and random responses transmiited from the
aircraft to the transport are generally attenuated by the isolator
system of the trausport above 200 Hz.

c. Although it is reported that failures of the Magnetic Drum
Memory are occurring during flight, the vibration, both sinusoidal
and random, transmitted from the aircraft to the Magnet:c Drum
Memory and the yesultant responses of the Magnetic Drum Memory
do not appear to be of sufficient magnitude to cause either
mechanical damage or electrical malfunctions. However, it is
possibie that the Magnetic Drum Mewory is particularly susceptible
to this vibration. Moreover, the 30 Hz vibration that occurs as
a result of the rvotation of the Drum could contribute to possible
problems, particularly since this results in significant vibration
responses being experienced by the Drum Memory. This could also
explain a reported instance of the Magnetiec Drum Memory failing
while oparating not mounted in the aircraft.




4, The acoustic noise levels measured at the Secure Communications
Station of EP-3E Aircraft G-6 (Bureau No. 150505) are of sufficient
amplitudes (92 and 95 dBA) to warrant further investigation of all
the EP-3E Aircraft relative to the acoustic noise environment and
compliance with the requirements of the Occupational Safety and
Health Act (OSHA) of 1970. OSHA requirements state that at the
above mentioned acoustic noise levels, personnel can not be exposed
for more than 6 and 4 hours per an 8~hour period, respectively.
Therefore, since a normal mission is 8-12 hours and in some
instances may be longer, personnel situated in the Secure
Commuirications Station are subjected to acoustic noise levels,
provided no protective equipment is suvpplied, for a period of time
which exceeds the 0SHA requirements.

II. RECOMMENDATIONS

1. Since the Tape Recorder RD-375/ALR-60 is incurring mechanical
damage, that has been attributed to the "softness" of the internal

.isolators, during both field operations and shipment, it is

recommended that either the internal isolacors, which support the
transport in the case, be replaced by a "stiffer" isolation system
(one with a higher resonant frequency), and/or a method be implemented

to restrain the movement of the transport, either by snubbing or

"locking out" the internal isolators, during shipment and during
take-off and landing. It should be noted that any effort to resolve
the problems attributed to the '"softness" of the internal isolators
may result in uncovering other problems currently masked by the
igolator problem, In particular, as pointed out in the report of the
special laboratory evaluation of the Tape Recorder, the Card Cage
Assembly may need some modification if the isolator resonant frequency
is increased substantially.

2., Inasmuch as initial qualification of the Tape Recorder to the
applicable environmental requirements is very vague, it is suggested
that prior to any modification effort, a produ tion unit be subjected

‘to the recommended vibration and shock exposures detailed in this

report tc identify the problem areas and provide a basis from which

‘to begin the modification. Then, after the modification, it is

recommended that the modified Tape Recorder be subjected to the
vibration and shock requirements detailed in this report to verify
the adequacy of the modifications.

3. Since there is a considerable amount of self-induced vibration
on the Magnetic Drum Memory, which is unrelated to the in-flight
envivonment, it is recommended that this self-induced vibration be
investigated as a possible cause for the failures that are being
experienced by the unit. In addition, it is suggested that the
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Magnetic Drum Memory be investigated for susceptibility to in-flight
vibration and shock environments, even though these levels are
extremely low, This investigation could be performed by subjecting
the Magnetic Drum Memory to the requiiements specified in this
report,

4. Since the acoustic noise levels measured at the Secure
Communications Station are of sufficient magnitude to limit exposure
to a 4~hour period and since these levels were measured during in-
flight operation and excluded take~off and landing, for which

the levels would probably increase, it is recommended that
protective equipment be provided for personnel assigned to that
station. In addition, it 1s suggested that acoustic noise levels
be ‘'measured during all flight conditions for a complete mission

to insure that personnel assigned tr other stations aboard the
EP-3E Aircraft are not boing exposed to excessive acoustic noise
levels,
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ITI. BACKGROUND INFORMATION

Failures, encountered during both shipment and in-~flight operation,
have occurred in the past and are presently occurring to the Tape
Recorders, RD-375/ALR-60, herein referred to as Recorder, located at
Stations 10-14 of the Deepwell System. Also, failures have occuried
to the Magnetic Drum Memory, MU-600/ALR-60, herein referred to as
Drum Memory, located at Station 11 of the Deepwell System. These
continuing failures resulted in the Environmental Sciences Branch 443
being requested to acquire data during Flight Tests at NAS Fallon,
Nevada.

Subsequent to the acquisition of data during Flight Tests for the
components mentioned above, a specizl evaluation was performed in the
laboratory on the T'scorder. The results of that evaluation are
detailed in Environmental Sciences Branch 443 Report ESL-157 dated
14 March 1Y75. This special evaluation revealed that the tape
transport experienced excessive movement due to the "softness'" of the
internal isclators and this excessive movement combined with insuf-
ficient clearance between the tape transport and case results in the
tape transport impacting with both the front panel and back of the
case. Thus, the failures are occurring as a result of those impacts
which alsc cause some degree of mechanical degradatlion.

Also, it was concluded that the Recorder was not originally
qualified to the correct vibration specification or the production
units do not reflect the design of the unit qualified. The
manufacturer's spec sheet for the Recorder specifies that the
Recorder is qualified to the vibration requirements of MIL-E-5400,
Curve II (0.01 inch D.A., from 5 to 63 Hz and 2g from 63 to 500 Hz).
This irplies the Recorder must be mounted on external isolators
when used in a field applicaticn, which is the case when the Recorder
is mounted in the aircraft. However, when external isolators are
added, the applicable vibration requirement becomes Curve I of
MIL-E-5400 (0.08 inch D.A, from 5 to 10 Hz, 0.42g from 10 to 15 Hz,
0.036 inch D.A. from 15 to 74 Hz, and 10g from 74 to 500 Hz) and
not Curve II, unless some relaxation is provided by the procuring
activity.

Thus, the low frequency vibration input is increased by 3.6 to
8 times, Since the lowest isolator resonance is 8-10 Hz, this results
in the tape transport colliding with the case because the clearance
between the tape transport and case is less than the input displace-
ment, Consequently, if the appropriate vibration requirement was
imposed, the problems being encountered with the mechanical damage of
the Recorder should have been discoverad and corrective action
implemcuted durilg the qualification effort. Apparently, this did
not occur; therefore, it is assumed that either the Recorder was




incorrectly qualified in regards to the vibration requirement or the
prodaction units do not reflect the design of the qualified unit.

Also, the manufacturer's spec sheet does not list any vequirement
relative to the shock environment. Thus, it is questionable if the
Recorder was ever subjected to a Shock Test. Again, if the Recorder
was exposured to the applicable shock environment, many »f the
problems being experienced in the field snould have beea uncovered in
the qualification effort or the production uaits do not reflect the
design of the qualified unit.

%
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IV. DISCUSSION

A. TEST DESCRIPTION

Environmental data - vibration, shock, and acoustic noise, were
obtained during Flight Tests for the Deepwell System installed in
EP-3E Aivcraft G-6 (Bureau No. 150505) at NAS Fallon, Nevada during
the period of 11-15 November 1974. These Flight Tests weve performed
in conjunction with the calibration runs for the Deepwell System. The
vibration and/or shock data were acquired during two different flights
for the flight conditions of take-~off (when possible), flying on the
calibration runs, and landing (when possible). Also, acoustic noise
levels were obtained during the second f£light at various locations =f
the aircyait interior.
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B. DATA ACQUISITION

l Instrumentation provided to acquire the vibration and/or shock
data for the Recorders, located at Stations 10-14, and Drum Memory,
located at Station 11 of the Deepwell System, (refer to Figures I and

I IT of APPENDIX A for the general location) during the Flight Tests
inciuded: (a) 13 triaxial acceleromesters, with the response of only

i six accelerometers recorded simultaneously; (b) six charge amplifiers,

%3 located at Position 28, operating on 115 V.,A.C., 60 Hz power from the
aircraft electrical system; and (c) two portable instrumentation
recorders, location at Position 28, operating on 115 V.A,C., 60 Hz

s power from the aircraft electrical system, with each recorder

having three FM channels for recording data and one direct channel for
voice. The mounting locations and monitoring axes for the triaxial

accelerometers are illustrated in Figures II and III of APPENDIX A,

In addition to the instrumentation equipment previously described,
a General Radic Precision Sound-Level Meter and Analyzer, Type 1933,
with an 1/2-inch microphone having a flat random-incidence response
was utilized to support the acquisition of the requested acoustic
noise data. The acoustic noise data were acquired only during high
altitude flight and, although the main area of concern centered arcund
the Secure Communications Station, Position 18, acoustic noise data were
2lsv acquired at several locations throughout the interior of the
aircraft.

C. DATA ANALYSIS

1, Procedure
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Analysis of the data obtained during Flight Tests for the
Deepwell Program required the usage of six different analysis
techniques, These different techniques were necessary to insure
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that a thorough analysis of the acquired data was performed.

A brief

description for each of the analysis techniques is detailed below.

a.

Averaged Time History - This type of analysis

provides an overall view of broadband acceleration

levels as a function of time, thus acsuring that

the portion of data selected for the remaining

analysis exhibits the most significant response

levels. To perform this type of analysis for

the data acquired from the Deepwell Flight Tests,

approximately 100 graphs were obtained. A
typical Averaged Time History Analysis is
illustrated in Figure I of APPENDIX B.

Time DPomain Analysis - This type of analysis
allows for an analysis of short, selected
samples of data, based on the results of the
Averaged Time History Analysis and provides
an output of instantaneous levels which is

a representation of the actual selected data.
Because of the nature of the respomnse data,
this analysis was only performed to
illustrate certain characteristics of the
data, thus a small number of graphs were
obtained. Typical Time Domain Analyses

are illustrated in Figures II and III of
APPENDIX B.

Frequency Domain Analysis - This type of
analysis provides a power spectral density
(PSD) of selected porticns of data. This
technique allows assessing the frequency
dependence of the measured responses. It
provides a method of observing the
amplitudes and frequencies of any responses
present. Frequency Domain Analysis was
accomplished using a 1.6 Hz filter and 2 to
32 averages (corresponding to statistical
degrees of freedom of 4 to 64, respectively)
depending on the flight condition over the
frequency range of 1.6 to 200 Hz., Also

to observe responses above 200 Hz, a 16 Hz
filter and 2 to 32 ave’ages were used over
the frequency range of 16 to 2000 Hz.
Approximately 180 graphs were obtained to
perform this analysis. A typical Frequency
Domain Analysis is illustrated in Figure IV
of APPENDIX B.




d. Transfer Functiocn Analysis - This type of
analysis requires two :‘esponses (one response
is used as an input and the second response
as an output) for providing a result which
displays the relationship of the output
response with respect to the input respomse.
A Coherence Function is used in conjunction
with the Transfer Function. The Coherence
Function establishes the validity of the
resultant Transfer Function. That is, since
the optimum Coherence between two responses
is one, any deviation from one would indicate
that the accuracy of the Transfer Function
is less, thus indicating that possibly the
two responses are being excited by separate
sources. However, some discretion is
necessary in interpreting the Coherence
Function results. Approximately 150
Transfer and Coherence Function graphs
were obtained for this analysis. Typical
Transfer and Coherence Functions are
illustrated in Figures V and VI,
respectively, of APPENDIX B.

A" NN N N N FN: a2 B s

e. Histogram Analysis - This type of analysis
was performed to determine the amplitude
content of certain responses. That is, to
determine whether certaiun responses, as
observed during the previous analysis
techniques, were the result of a sinusoidal
or random type of vibration., As can be seen
in the typical Histogram Analysis, illustrated
in Figure VII of APPENDIX B, both types of
responses are present. Approximately 40
Histograms were obtained for the purpose of
escablishing the presence of sinusoidal
components.

AN N e =

As can be seen from the above discussion, analysis of the data
was complex and required the acquisition of approximately 450 graphs
to perform the required analysis of the flight data. Siuce the number
of acquired graphs is large, all of the graphs are not included in this
report. Only those graphs which help to explain the flight environment
and were necessary to support the discussion, herein, are included.

2. Results

a. General - The analysis of the data obtained during the
Flight Tests indicates that the most significant information occurs

N
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below 200 Hz, thus the discussion presented herein, concentrates on
that data only with occasional comments regarding data above 200 Hz.
The analysis provided the following information relative to the
Deepwell System and the Secure Communications Station.

(1) The predominate frequencies of the aircraft (68 and
136 Hz) are noticeable on the framework which supports the Deepwell
equipment and on the equipment during certain flight conditions.
However, in both cases the response levels are very low in magnitude.

(2) ‘Take-~off and landing are the most severe flight
conditions for the Recorder. Take-off produces the maximum vibration
levels for the Drum Memory; however, operation of the Drum Memory
in non-flight conditions also produces significant vibration levels
(refer to (6) below).

(3) The natural resonances of the internal isolators that
support the Recorder transport are in the frequency range of 8 to 10 Hz,
Also, responses at 17 Hz are present during certain flight conditions,
although it could not be determined from the data whether the 17 Hz
ccmponent was being generated by the aircraft or the Recorder transporth

(4) The most severe environment during the Flight Test
appears to be a shock exposure that occurs as a result of runway
roughness, pitch applied to props during take-off, in-flight
turbulence, touchdown, and reverse pitch applied to props after
touchdown. Although not measured as a part of this effort, it is
anticipated that the shock exposure encountered during shipment is
more severe than that encountered during flight operations. This
shock exposure during shipment could be the result of improper
packaging, excessive movement of the Recorxder tvansport, and rough
handling encountered in shipping.

(5) As a result of the scftness of the internal
isolators, the low frequency responses experienced by the case,
and transmitted from the case to the transport, are amplified.

An average of the flight data for the major resonance at 8 Hz and
the secondary resonance at 17 Hz resulted in an amplification of
3.4, with the maximum amplification several times more severe
than this.

{6} The Drum Memory, by operating at 1800 rpm,
generates a 30 lz rusonance which results Iin an amplification of

1A special laboratory evaluation of the Recorder was performed subsequent to the acquisitior
of the flight data, During this evaluation, resonances were measured cn the front panel of
the Recorder transport in the 8 o 10 Hz frequency range and also at 17 Hze The details of
the evaluaticn are preseried in Epvironmental Sciences 8ranch 443 Report ESL-157 dated

14 Marce 1975,
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approximately 4.5 between the top of the isolators (location 11l) and
the top of the Drum Memory (location 12). Thus, a significant
portion of the vibration experienced by the Drum Memory is not
related to the flight environment, but instead is a result of the
operation of the unit. This implies that the vibration experienced
by the Drum Memory while operating in a non-flight status is nearly
as severe as that encountered in flight. Consequently, failures

of the Drum Memory are possibly unrelated to the in-flight vibration
environment.

-

(7) The resonance conditicns experienced by the
Recorders are being predominantly excited by random responses and
shocks as opposed to sinusoildal responses, That is, the responses
that are exciting the resonance frequencies of the Recorders are
not pure sinusoidal as was the case for the special laboratory
evaluation reported in Environmental Sciences Branch Report ESL-157.
Even though the input responses between flight operations and the
special laboratory evaluation for the Recorder are different, the
results are similar. That is, the accelerc“ion responses when
converted to equivalent displacement, especially for the flight
conditions of take-off and landing, are consistent with those
measured during the special laboratory evaluation.

(8) The acoustic noise levels measured at the Secure
Communications Station are of sufficient magnitude to warrant
concern.

The summary of results presented in the above discussion
is of general nature with details of these results being discussed
in the following paragraphs.

b, Vibration/Shock Environment

The Transfer Function, Coherence Function, and Frequency
Domain Analysis, previously discussed, wera utilized to perform the
major part of the analysis. Although the Transfer Function provides
a method of observing the relationship between two responses, because
of the complex nature of the Recorder responses, especially those
obtained from the Recorder transport, the Transfer Function may not
be completely accurate. To provide a general idea of what is
occurring during flight operations, Table I lists the maximum
Transfer Functions which result in the most severe condi-ions that
occur between the case of the Recorder and the front panel f the
Recordez transpo:t and between the top of the isolators for the
Drum Mewory and the top of the Drum Memory.

10
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Table I

Transfer Functions Resulting in the
Most Severe Vibration Conditions

Case of Recorder Top of Drum Memory
and Front Panel of Isolator and Top
Sta. Freq. Recorder Transport of Drum Memory
No. Axis (Hz) Trans. Funct. Coherence Trans. Funct. Coherence
10 X 8 5.5 0.9 - -
11 Z 30 - - 1.5 0.98
1 X 8 3.0 0.85 - -
14 X 8 3.6 0.7 - -

The Transfer Functions listed in Table I represent the
most severe condition as determined by an amount of equivalent
displacement, which is estimated from the complex frequency spectrum
(containing random and sinusoidal components) by assuming a pure
sinusoid at the frequency of concern with the same RMS g level as
calculated from the PSD. In the case of the Drum Memory, the
calculated displacement is exact because the major 30 Hz resonance
is a sinusoildal signal caused by the Drum rotation as previously
discussed. It should be noted that although the Transfer Function
of 1.5 obtained between Drum Memory Isolators and Drum Mzmory is not
a maximum value (an amplification of 4.5 was previously discussed),
the equivalent displacements are greater, thus creating a more
severe condition,

As can be seen in Table I, the response measured on the
Recorder transport contains an 8 Hz component, while the Drum Memory
experiences the most severe condition at the self generated resonance
of 30 Hz. A more complete view showing the relationship between the
equipment frame (locations 1, 4, and 8), Recorder case (locations 2,
5, and 7) and Recorder transport (locations 3, 6, and 9) along with the
relationship between the equipment frame (location 10), top of the
Drum Memory isolators (location 11), and top of the Drum Memory
(location 12) during all flight conditions is presented by the Tables
of Transfer and Coherence Functions detailed in APPENDIX C (refer to
APPENDIX A for definitiorn of the location numbers).

These tables also include equivalent input displacements
and, by applying the Transfer Tunction, providing a good Coherence
Function was obtained, the resultant estimated displacement can be
determined. For example, at Station 12 during the flight condition
of landing, at touchdewn, an equivalent displacement of 0.06 inch D.A.
was obtained for the Recorder case. Applying the Transfer Function




(3.0) results in the Recorder transport experiencing an equivalent
displacement of 0.18 inch D.A., This flight condition along with
take-off resulted in equivalent displacements that were consistent
with the displacements obtained during the special laboratory
evaluation of the Recorder detailed in Environzental Sciences Branch
443 Report ESL-157.

However, the Transfer and Coherence Functicns do not
provide the complete analysis. As shown by the typical Time Domain
Analysis graph detailed in Figure II of APPENDIX B, the results
obtained during take-off are definitely caused by a shock environ-
ment, Figure II of APPENDIX B is an eight-second sample during
take-off with a shock exposure being observed that approaches an
instantaneous peak shock level of 6.5g. To observe that ipnstantaneous
shock peak more thoroughly, an expanded view iz presented in Figure III
of APPENDIX B. This expanded view was obtained from the eight-second
sample and starts atv 4,559 seconds and ends at 4.599 seconds, makiug
the expanded view 40 wmilliseconds in duration. This view shows that
the shock peak is approximately 4 milliseconds in duration and 6.5g
in amplitude.

Another method to illustrate the relationship between the
equipment frame, Recorder case, and Recorder transport, and also the
relationship between the equipment frame, top of Drum Memory isolators,
and top of the Drum Memory, is by composite graphs. The composite
graphs are power spectral density (PSD) graphs obtained from the
Frequency Domain Analysis. Each composite graph contains the responses
for one axis, one location, all applicable flight conditions. Thus,
the response for any one location for all flight conditions can be
observed, In addition, by comparing composite graphs, it can be
observed how different locations respond to¢ the various flight
conditions.

¢, Acoustic Noise Environment

In conjunciion with the previously discussed flight data
acquisition, Mr. Jim Hurley, NAVAIR representative for the Deepweil
Program at NAS Moffett Fileld, requested that acoustic noise¢ levels be
measured at the Secure Communications Station #18, to determine Low
the zcoustic noise level/exposure time, measured at that location,
compered with the acoustic nolse level/exposure time requiremeats
established by the Occupational Safety and Health Act (OSHA) of 1370.
Acoustic noise level measurements were also obtained at other stations
throughout the interior of the EP-3E Aircraft G6 (Bureau No. 150505).
Table II details these locations and the acoustic noise level
(A weighting) obtained. It should be noted that the levels detailed
in Table IT represent only the data which was obtained during the
flight condition of flying at altitude., Therefore, it is suspected
that during take-off an¢ landing the levels would increase in
amplitude.

12




Table II

Acoustic Noise Levels in EP-3E
Aircraft G6 (Bureau No, 150505)

Location of Measurement Acoustic Noise Level (dBA)

Station #14 82
Station #10 83
Station #16 ’ 90
Station #5 87
Station #18 (Aft Equipment De-energized) 92
Station #18 (AN/APS-20 and All Equipment

I except Teletype Energized) 95

Ir; addition to obtaining the A weighting acoustic noise
levels of Table I1I, octave band analysis was performed for the same
locations and conditions as indicated in Table II. This analysis
indicates the major low frequency component is the 6& Hz signal
generated by the aircraft engines, which results in a low frequency
"throbbing" affect most noticeable in the forward area of the aircraft,
but is also evident througliout the entire aircraft. The acoustic
noise level for each of the center frequencies for the octave band
analysis is available upon request.

The 95 dBA level measured at Station #18 includes not
only the 68 Hz signal mentioned above, but al:zo inecludes high
frequency compenents in the 4 to 16 KHz range, whnich are generated
by the blower fan when the AN/APS-20 is energized. It should be
noted that the acoustic noise levels measured at Station #18 were
obtained without the teletype energized. The levels could be
expected to increase with the teletype in operxation.

Inasmuch as the acoustic noise levels were obtained under
set conditions and since the nature of am actuval flight entails
- varying conditions, it is suggested that the acoustic noise levels
can best be measured relative to an actual f£light, with the
varying conditions, by using a type of noise dcsimeter, such as a
General Radio Model 1944, This instyument would accumulate the
l totzl scoustic noise exposure that any individual is exposed to for
thé entire flight or it could be used to determine the acoustic
noise exposure for a given location during an entire fiight. NAFI
has some of these units and associated equipment for readout and

could assist NAVAIR in determining scoustic noise levels in the
fleet.
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D. RECOMMENDED VIBRATION AND SHOCK REQUIREMENTS

For assurance that equipment to be used in field operations will
survive the field environment and provide satisfactory performance
characteristiss, it is necessary to subject the equipment to
environmental exposures, that are representative of the field
environment, during the qualification test effort. In many cases,
the field environmental data are not available so the environmental
exposures performed in the laboratory are obtained from specifica-
tions (such as MIL-E-5400, MIL-STD-810, etc,) which may or may not
simulate the actual £ield environment. As discussed in the
BACKGROUND INFORMATION, the Recorder has reportedly been qualified
to a vibration requirement in accordance with MiL-E-5400, Curve II,
In addition to the applicability of this requirement being
questioned, it is unfortunate that this requirement does not
adequately simulate the field environment, _a particular the low
frequency vibration. Thus, the simulated lzboratory tests failed
to uncover the design weaknesses. Also, qualification of the
Recorder to a specific shock requirement is uncertain.

Therefore, to insure that the Recorders will function properly
during field operation, vibration requirements, as well as shock
requirements, are being proposed that reflect the actual field
environment. These proposed requirements were obtained under £light
conditions of take-off, in-flight, and landing. Because no turbulence
was encounteved during these Flight Tests, data were not obtained for
this flight condition; however, it is anticipated that the vibration
and shock environments encountered as a result of in-flight
turbulenc: would not be more severe than those recorded for take-off
or landing. These requirements were derived using the data obtained
from the case of the Recorder; therefore, the Recorder is to be hard-
mounted (without the external isolators) to verify compiiance with
the proposed raquirements.

Inasmuch as the severity of the vibratioa environment experienced
by the Recorder is dependent on the f£light condition, with the most
severe occurring during take~off and landing, and, coincidentally,
satisfactory operation of the Recorder is not required during take-
off and landing (it must just survive these exposures), two vibration
test spectrums are prcoposed for the qualification of the Recorder,
The first, detailed in APPENDIX E, Figure I, s applicable for
sinulating the vibraticn environment encountered during taka-off and
landing. For this exnosure, the Recorder is not required to comply
with any performance requiremerts during applicaticn of the vibratiom,
but must operate satisfactorily after the axposure. This is based on
the fact the Recorder need not be performing its required function
during take-off and landing. The second, detailed in APPENDIX E,
Figure II, is for simulating the in-flight vibration envircanment.

For this exposure, the Recorder must comply with the applicable

14
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performance requirements while the unit is being vibrated, since the
Recorder must perform its assigned task during in-flight operation.
The recommended test procedure for performing the vibration
exposures is also included in APPENDIX E.

Since the Recorder is subjected to a shock environment during
both field operation and shipment, a shock requirement is recommended
to insure satisfactory operation when subjected to the shock exposure.
The recommended shock requirement for qualification of the Recorder
is in accordance with MIL-T-5422F, Paragraph 4.3.2.1,

Since the vibration and shock environments experienced by the Drum
Memory during flight operations are rather mild, the requirements of
MIL~E~5400, using Curve II for the vibration, should be sufficient
for qualifying the Drum Memory with the external isolators removed.

Satisfactory results from exposure to the recommended vibration
and shock requirements, under the conditions stated, should provide
a high degree of assurance that the units will also operate
satisfactorily during field service. However, any problems
encountered by the Recorder during these simulated environments
should not be taken lightly in that their probability of occurring
during fleet operation would be very high.

15
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Drawings Showing Aircraft Layout, Deepwell
Stations and Accelerometer Locations

Pigure I - Aircraft Layout
Figure II -~ Deepwell Stations Showing Accelerometer Locations and Axes

Figure III - Magnevic Drum Memory Located at Station 11, Showing
Accelorometer Locations and Axes
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APPENDIX B

Typical Analysis Graphs

Figure I - Typical Averaged Time History Analysis

Figure II Typical Time Domain Analysis
Figure III - Typical Tir: Domain Analysis (Expanded)
Figure IV - Typical Frequency Domain Anaslysis

Figure V - Typicsl Transfer Function Analysis

Figure VI

Typical Coherence Function Analysis

Figure VII - %ypical Histogram Analysis

n _ n .




S Il

HEN 2B N N I N N IV BN IE R B B e

q
X

coown’
{m' iR ety T 1 ! [T SEEEL TRl R T
(1281 ST At AAk e EABAR I 14 Elit1 k1 EAAE NS AR T
NN B i [ AR A0 TERE R B T
4 EAA1 SR LRSI i (11181 ] S i DG A0 D
JGH U ASARE KRALS RAAAR T i 1171 EAES1 LLAEA SRAR DOV Rl
I Al 1REAR 1117 > [ } [ I B NI R I
H‘llm”ll T i H SLARY (0 K1 BEA SEANT AR A Al Tl 0 thel
LU VARA LA DA I LS RSN 50 et G 500 DS T
UL FRLE CAARE DDSGY BAAR i i (L LAt eant Al il T
(L1 EREES EARAS A4RES KARRE M1 f B it (A0 SURAR I Gkt et kst aREAR Rawaa A b on eq
> Il Trpgrieayy 7 i [NER0 83502 Y21 B It Bk Bk FR - O
~ i t ¥ 1 i T 2k
o 1 LTI - ’
b3 . ! 1 o
o QA TRRRm A i i A i1
—
== I I T ! I i T [ T
N ! T ' ro
t N ‘ 1 t -
G : flif e
i o — } N
B o e ol I L : i Tt ! bscor
1 INSEEEE ‘ T T T T i HY T ==
m il BB N I Rintintin . } i i ' e
o ! o i O i ! "[ﬁﬁ -Ill ' ’
o il Tt g il fiit 3 T o {H . N
@ Ty i il ORI At o
T T AR T AT BB B | NN i T
g fitT 18100008 BA Rt i - .
& i1 42t T T ; M b :
J M LSRN S RAE BB T “"‘“11 4 trz'
~ A A1 D0k A0t Dot ROR R I M i1 Ll 1] U L N K
© 0000 (ALL1 S3AR S350 KON RASRACHE SRR REEERN it T T -t i
< IU" 10 FE 12300 S1A 00 DR T it HA R RER
ot i22d 082 st Lttt Aol DO R 111031 1 TEEIt s
t= it} Eaadt 1atad feaag AR RALAGLE hmaiind mitlt Thte i
E"’ ppmtieinim ey B [{ui 4141 “.« AR A
| ILIT LS R SESH1 L3RI RO AN NIl IR + T 'T 188 T
| i it iaet SANAE Aiand A AN B B ™1 i 1 A SIS
it 14000 BatS AN DEARE REA ] \‘1{ { g ‘ T ‘
] 1D i bAkad Saand RaRAS Rins s lamte e _m L] ! the Yoo,
.}mrﬂ 61 10001 10004 ROEE IR 1 41 Eai1 sl Lhda i ~ e ok
' t (151 thE81 12082 K32t RR2 KR NS IEINEIREIN 1!l : * N T 1 ~=tF
| 2 it ettt taaad adad dasas ned T i it i
| Ec 11t {000 Aok hidha 3ad YT i | MiAt M Qo o] ' ,
| i (134 ki Sedad Land Dot DO DAL A EH il i i IR L
} = e T T T T 1 Mpn RS 1
' NI 1EEet L3021 RETTTERASY MR i cheesses aeel 1 1 i O O e T
3 hﬁq";rv.rn{ﬂn AR RIS B araaray ~ 1t H ] | Half >':3 [ .
i il ai vttt taoad Sa s d By . i : "y et Q’% 'p* [o ;
i 60 Saka0 i3 biniat A1 AR ARE DS A ¥ ik ! ot 1 HEe < "
50 3 AT MO R AL RS I o111 Ak S T R ) Aol
| 'h HOTIE] 2320 ERORT 222 RELSS ; o ] ITILI IR Rpvep s
| ,h*} it Seakd iRas] fadas AR I $ 11K ol i
0_ i1 0alad $4224 P00 LAGAS RaL i a2 I hi [
it ;IH uui”v jrart T e Yy " i ! [t . 5,
wi{ Al tdL triv Epmpmr ey TIYY { 1 L4 1Akt 4 N
ol a1 Sheta AtAad NARAD I 12eet EARH T30 RE3A1 LA2R2 REELE i T 11328 KR} 1 L1y YT
ne1ite) LALE AREAD LARRA w1 (LI LAR A1 AR RAMAY AARAS INMLALEE I } Tt 1 " §
TRy mﬂn 1taldanss it AASAA SAURSS I m 1 Y Tt TITrT mi i 4
it 1101 Eaadd RaRRd yii (tatd 12kl 1) Anatd hadd o RS ] 1t I T 1i2k] LT T - '
itierBAARAR AAAA RAARE witi il Liiad AAARS AANRE MARES RESELRS 1 1 T+ Tt v [ 1 T R <"‘Q®Dll
WIS LIBALEE SANRE DORRA ML 112ty AA6E0 LAARE SAAd DAASA BAL " . 1T 15110001 1200 pRARS RARE T
\0IAARAS AERAT NARAA yoil (1101 LARME SAAAM AR MASRE MR o | T 1A S e
oS LT EoRed R DOSM st Lookd ekt kot Mkt S DR T e ) 5
® ot e et e ey I 1] A + [
it T i taasi Aati 152k SR Tt | Liiki i R S N P
T T T 1] Tt 1110 (et tetas aEARE SENRAS InSRSnan
oo LAL0 Stkd LAY LEARE 1 it ekt ik 1AM kiR SRR RS \ 1 i t 1 ik M T
1 (LA LARAN L2680 SANAS X1 11001 tARME hanad Sakit 1adAE RARM ¥ el ¥ F1d AN S '
11 LASA LELAL LARAM MAARE o1 iLE1i Mad! AARA AARST AAAS RAMMAE i 1 4 Tt rofTy & n
fjitetjrerry éﬂ 4 L D001 e 50004 DR ! ~2l!] iy 11 1 E o
i L LSRR s A0 SO0 LM DO BE DU B T o1 T ST TIAAE 00NN D ™ T
" Hrtnr gt ey e ; jit3ses 2o ¥ kit o P
¥ T Bt e Tty T 4 e i A it 3] i :
s T L0 00008 10004 DO " M 040 10 S o] . H
R DA gll'ﬁ”q, 1l 041 A LARL AR ARE I T T st A A V) t
TR T E00 00000 30001 BRI f t R ] 18AS add [N soT
R R L LA 2 T Ty 11 T1 I mm
gifi1800 LaAad BEARS LBAAI I i 15280 Aaaat anad AR i T At Mt 1 i t
AT T 1513041 Saddd JAA yee i Tt it LALAAM £ SAEE B Ei «
LA it {1000 sARES MAAR1 10008 BOBAE i 1111 ; Uit uat iakas ST Fiusy
o101 LU BEDE DAARE RAABE X RILI 3431 1618 MLt 100AL BARA T A 34144000 AAARS s J T
RO 1100 L Ld RAAM0 LA LAkd 42100 LOSM 10088 DO BAS T T T A P 2 i s
i B MR B (11300 AALI LAkl AE AR N 111 i Ty om i !
; e (061 LLA1 60R0 10001 DRARE iT 11A0a i *$id1 AR DR " '
(U A Tatad o L AL A NAakd SaAAT DRSS " W{m' T Tttt i sg o
it UL CoLALA SO0 LAARY ™A L0001 CLELM LARA AAALE SADRE DM Tl it 1 2 ! T1ep ' [N va*ﬂ?iur, s
It it Al ERRa t i 1ER SRARd AaREA saARE AATAS %T 2/ 1 T 1 t I LAk A e t
FAnpny T pr T Y T T LLIIR 17 Tt i ATy .
e e T Y T T TTF (1 (010 tant aaalt MO ¥~ VL7 (-1
1100 LIS ALY SAAR) sl Ui ELALY KA AAAL AR DMARR T NHED UL LA RARAS BRI | 1 thaa: U 1 S B i!: Naks
IA P I 1 ARRE 41 L ALY SARAT SRR 1 ARAAN BALELIRY T I NUIILERERE RSN TP s R A ; ;4'_&“ LR
AL EER S AASER N |12 201 CATED [AR80 LAREE DA L1 T 11 i1 IHY':ITT TELLRLS gl L e A 3% = { .
52 §adas tanadion (s 13121 Laaad Raned AR Al RASAS T i NI AR R BRRRE | 1320s e 5-'2 Al .
L3181 1042 LAk :,I'\ﬂuuu T TTITY YT AL 1t 11 kL] ”‘,T"TTT - 1 L2 1 i S bl 4 - i
L0611 AELAL OARH K1 LU 14441 0044 LASAT LARRY TTTT] VTR U AR AR RS Ry sears ST AT *‘,"‘ T
(i1 LELLE RERAY Q1 LhAM1 L2 A0 LEAES SASEE BRI 1 LIARI AR o riatl CLLRA It LRk T 1 Tt
[631 AAA4 SOARH Yol idi sadt Saaad SERME0EARE M TrETT o eOeITm 1513 k2220 LRI T i 1} AT w‘hm (1222 AL 1 i '
LIAtd L1k H‘Vﬁ}iﬂﬂ 11201 0681 bAAR1 LA RAANE RIS Lk 11312100 kA0 A1 " e LS ERARN Xit1 AEAD TR LAl B ] A
6440 SSEE DAY Nl M1 SAL) SAALS 0000 LM RDAMS DM 5 1l Uil sas sEEEI R Unﬁ!‘Hw» a1 153 N | i :
UM IR ILaE st »7'1111 31 LEARE ALY Sana i S T S et i) uitssssisaska RRRAN: 1 i gt Lkt Yt SN |
M a - - -
S>r®oN o w v o o~ - ~R-2% ~388588 3 8 s =2
f1nnne T ¥a yamatianw e Ak Rt




AN A

- o

S - r

'

stTsAfeuy utewo awtj, TeotdA] - IT aandty

-




v

Spucoas 666

N

SPHI0DDS ¢

g =

[

vmm.m

Ry

Ay
bt
“Anan

N .

H

i : M

e k . ! ,
1] il 0N ] 14 Yoo
« [ ¥ ey
) - ] v . v
& 4 . M .
v -
-
. “ | ¢ “
Nuo o - o
X a b e .v\é
N, et q.e 4
- . s b ceevceerTece,
¢ - ‘e - N ‘N 2124 ver
recyecresea ) . - ® Lad Cae
r T Cetece,, B ‘. 14 N < preld
' reo & "+, cre” v e
0 o v ot Leet ' Y ¢ -1
fteqgerecearever v prAd
13 Il\l.
. A

o v amry [ e s e onets pu—

e

P

O R e

(popuedxy) sTsATeuy utewoq swty TeoTdAL - IIT san8TJ

‘__-.—..—.-._.I o oo oo




B S

> 4

3:

Er
<<
by
S

|

R S j

ol

.01

“*ALISN3Q 8YL3I3dS ¥3IMU4

B L e T

| ;
_ \VASAW A i
—— i i i
] . i o
T 7 AN i s
. : ; —
i ﬁ * o
_ s
| | i
H ¢ 1 i C
j 1 ! o
T =
o,
| ] W | 5
! N
— .l.llv
| Q,
m ) m "
i A
$ H _ ! !
JSSSSIRN SN S N W — : i o
Ty T — e —t—-7 - - lﬁ‘t||ll B R S S A T e T 1 4._ -
. i ] - H N
ocet 00i (@D I 170k SIXd A O
SToSTwr Uty Lotienbodi jeostify - AT sandis

ZH/ 29



fuure V - Typical Transfer Function Anslysis
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Tigure VI - Typical Coherence Functionr Anal
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APPENDIX C

Ly

L4

Tables of Transfer and Coherence Functions

Table I - Transfer and Coherence Functions for Station 10
Table II -~ Transfer and Coherence Functions for Station 11
Teble III - Transfer and Coherence Functions for Stafion 12
Table IV - Transfer and Coherence Functions for Station 1k
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APPENDIX E

Recummended Vibration Requirements

FPigure I - Recommended Vibration Spectrum for Tape Recorder RD-375/
ALR-60 (Take-off and Landing)

Figure II - Recommended Vibration Spectrum for Tape Recorder RD-375/
ATR-60 (In-flight)
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Kecommended Vibration Test Procedure
for Tape Recorder RD-375/ALR-60

a. FPor simulation of take-off and landing environments - The Tape
Recorder shall be subjected to a laboratory Vibration Test in
accordance with MIL-T-S542¢F, Procedure I, Part I, except the applicable
curve shall be Figure I detailed herein. For the purpose of this test,
the Tape Recorder shall be hard-mounted (without the external isolators)
to the vibration exciter. Instrumentation shall be installed throughout
the Tape Recorder to identify resonances and insure resonance dwells

are performed at the resonant frequency of the internal isolators (for
the present configuration this is 8 Hz (major) and 17 Hz (secondary)).
The Tape Recorder shall be electrically energized for the duration of
the test. It is not required that the Tape Recorder comply with the
performance cequirements during the vibration exposure; however, at the
completion of the vibration exposure, an operational test shall be
performed to verify compliance with the performance requirements. No
damage shall be incurred as a result of this exposure and the performence
of the Tape Recorder shall not be degradzd as a result of this exposure.

b. For simulation of in-flight environment - The Tape Recorder shall
be subjected to a laboratory Vibration Test in accordance with MIL-T-
5422F, Procedure I, Part I, except the applicable curve skell be
Figure II detailed herein, For the purpose of this test, the Tape
Recorder shall be hard-mounted (withou* external isolators) to the
vibration exciter. Instrumentation shal. be installed throughout the
Tape Recorder tc identify resonances and insure resonance dwells are
performed at the resonant frequency of the internal isolators (for
the present configuration this is 8 Hz (major) and 17 Hz (secondary)).
The Tape Recorder shall be operated and shall comply with the applicable
performance requirements during this exposure. Also, no damage shall
be incurred as a result of this exposure.




Sinusoidal Vibration Specbrum

(g peak)

Sinusoidal Vibration Spectrum
(g peak)

Figure I - Recommended Vibration Spectrum for Tape
Recorder RD-375/AIR-60 (Teke-off and Landing)
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Figure II - Recommended Vibration Spectrum for Tape
Recorder RD-375/ALR-60 (In-flight)
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