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FOREWORD

This report was prepared by the Metals and Ceramics Division, Air

Force Materials Laboratory, Air Force Systems Command, under Project No.

7351, "Metallic Materials", Task No. 735106, "Behavior of Metals". This

research was conducted as a cooperative program between the Air Force

Materials Laboratory (AFML/LLN), the Air ,orce Flight Dynamics Laboratory

(AFFDL/FYS), the HH-53 Systems Program Off'ice, Military Airlift Command,

Hill AFB, Utah, the University of Dayton, under Contract No. F33615-73-

C-5028 and the Sikorsky Aircraft Company. This report was written by

Dr. David I. G. Jones (AFML/LLN). Ground vibration tests were conducted

by Dr. J. P. Henderson (AFML/LLN) and A. D. Nashif and G. E. Buchhalter,

University of Dayton. Laboratory vibration tests on beams and stiffened

plates were conducted by Dr. D. Jones (AFML/LLN), M. L. Parin, and C.

Porubcansky, University of Dayton. Analyses of modal damping of beams

and plates with constrained layer damping were conducted by Dr. D.I.G.

Jones (AFML/LLN). Assistance with electronic instrumentation for both

field and laboratory testing was provided by S. Askins, University of

Dayton. The manuscript was typed by D. Gochoel and B. Dues, University

of Dayton. Flight tests were conducted by E. Hotz, J. McIntosh, and

J. A. Willenborg (AFFDL/FYS). Data analysis was conducted by C. E.

Thomas, John Ach, and Lowell Vaughn (AFFDL/FYS).

This report covers work conducted from 11 September 1972 to

25 September 1972, and analyzed from September 1972 to December 1972.

The report was submitted to the Air Force Materials Laboratory by the

authors in November 1973.

This report has been reviewed and cleared for open publication and/or

public release by the appropriate Office of liformation (01) in

accordance with AFR 190-17 and DODD 5230.9. There is no objection to

unlimited distribution of this report to the public at large, or by

DDC to the National Technical Information Service (NTIS).
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ABSTRACT

This report describes some of the results of an investigation to

evaluate the effect of constrained layer damping treatments on cabin

noise levels in an HH-53C helicopter. Vibration and noise levels were
measured for various flight conditions, including hover, forward flight

and banked, and in each case it was observed that the damping treatment
reduced vibration and noise levels in certain frequency bands within
which natural modes of vibration were strongly excited. Ground viDration
tests under artificial excitation and laboratory vibration tests on
simpler but related structures were also conducted to further understand

the phenomena involved and to develop appropriate damping treatments
for broad temperature range noise control applications.
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NOMENCLATURE

A dimensionless constant

B dimensionless constant

D subscript denoting damping material

E Young's modulus of el;?stic material

ED real part of Young's modulus of damping material

Ec constraining layer modulus

Ee effective Young's modulus

e E0/E - modulus ratio

f frequency (Hz) also function

f n n th resonant frequency

f on n th natural frequency

fnn n m th resonant frequency

fonm n m th natural frequency

f resonant frequency of damped system

9 function

h thickness of plate or beam

hC 0 thickness of damping material

hc thickness of contraining layer

L length of plate between stringers

breadth of plate

n hD/h = thickness ratio

N number of layers

r ratio of An to haif wavelength of plate in direction parallel

to stringers

S area of skin
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NOMENCLATURE (CONTD)

x,y coordinates

anm dimensionless constant

Ynm non-dimensional parameter

nD loss factor in tension-compression

ne effective loss factor

ns loss factor - see text

Xn X nm modal half wavelengths

V Poisson's ratio

Cnm n-m th eigenvalue

p'PePD densities

Onm n m th normal mode. Also shear parameter

W frequency (rad/sec)

ix
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SECTION I
INTRODUCTION

In many large helicopters, such as the HH-53 system, a significant
fraction of the high noise levels encountered inside the cabin is often
due to clearly identifiable structural resonances of the fuselage skin
structure, the supporting frames, the transmission oil-pan cover and
housing, etc. Fcr such resonant modes of vibration, the use of suitably

optimized damping treatments might be expected to conLribute significantly
to the reduction of internal cabin noise levels, ana the question arises
as to how effective damping is as a noise control technique. A clear need
exists for a simple, effective, technique to reduce internal noise levels
as much as possible without obstructing access to the various hydraulic
and electrical lines running along the fuselage. This requirement is
necessary in combat situations, and the damping treatment being

considered in this report, used perhaps in conjunction with a relatively
thin acoustical foam for sound absorption, will meet.all of these
criteria, at least for the HH-53 system.

It is the purpose of this report to describe the results of an
investigation conducted during a two week period in September 1972, at

Hill Air Force Base, Utah. The purpose of this investigation was
(a) to delineate the role of resonant modes of the structure as secondary
sources of noise within the cabin of one particular type of helicopter,
namely a USAF MAC HH-53C system and (b) to determine the possible
reduction in cabin noise levels whicn might be attainable by use of
optimized damping treatments, by reducing the level of the most important
resonances contributinC to the noise. The flight test investigation was

conducted as part of a joint effort between the Air Fo-ce Materials
Laboratory, the Air Force Flight Dynamics Laboratory, the HH-53 System
Program Office, USAF Military Airlift Command (MAC) at Hill AFB, Ogden,
Utah, and the University of Dayton. Ground vibration tests were also
conducted by Air Force Materials Laboratory and University of Dayton
personnel, and optimization studies of suitable damping treatments were
carried out at the Air Force Materials Laboratory. Only the Air Force
Materials Laboratory and University of Dayton efforts will be described
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in detail, since the complete flight test results are to be published as
an Air Force Flight Dynamics Laboratory report (Reference 1). The
two reports are complimentary, since one describes the damping technology
used in some detail, while the other concentrates on the flight test
investigations. Further details are also discussed in Reference 2.

2
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SECTION II
DESCRIPTION OF SYSTEM

Figure 1 illustrates the helicopter under investigation. Figures 2
to 4 show some details of the particular helicopter geometry examined
in these tests. Figure 2 is a sketch of t he sideview of the aircraft,

with station numbers superimposed. Figure 3 shows an isometric view of

the center cabin structure, where the damping treatment was applied.
Figure 4 shows the center cabin skin-stringer structure, with locations

of some of the transducers indicated.

In the test series, the approach adopted was to:

(a) use artificial excitation with a small shaker to determine
structural response behavior and modal damping on the ground.

(b) remove a small section of the acoujstic blankets between two
frame stations (ST #322 and ST #362) and from waterline 140 to a point

under the transmission and apply an appropriate multiple layer damping
treatment to exposed skin panels.

(c) conduct further artificial excitation tests on the damped structure

to determine effects on structural response behavior and modal damping.

(d) conduct in-flight vibration and acoustic tests to measure
internol noise levels and panel response behavior at several locations

for the helicopter in the acoustically untreated condition, the
acoustically treated condition, and the partly acoustically treated,

partly damped condition.
(e) conduct narrow band spectral analysis of the in-flight data to

determine the effect of the various treatments on noise and vibration

spectra. Figures 5 and 6 show the treated area in more detail.

(f) conduct laboratory vibration tests and analysis to determine
the behavior of various modifications of the basic multiple constrained
layer treatment with a view to broadening the useful temperature range
of the damping treatment.

3
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SECTION Ill

GRMUND VIBRATION TESTS

1. VIBRATION' TESTS ON HH-53C HFLICOPTER

The purpose of the ground vibration tests %ta to establish the

effectiveness of the damping treatmert in reducing vibration levels in,

the ski,i panels prior to donducting the in-flignt tests. The str•-cture

was excited at a discrete frequency, sws', th,-ough the range OC Hz to

3500 Hz, by means of a small shaker trough an impedance head applied

at the center of panel A-14. The block diagram of the system is shown
in Figure 7. The test setup is shown in Figure 8. Typical response

spectra obtained ,t panel A-14, through a miniature accelerometer at

the center of the panel, are shown in Figure 9 for the undamWed system,

the system with Panel A-14 damped only, and all oanels trfited, respec-

tively. It is seen that putting a damping treatment on cane! A-14

achieved little or no reduction in amplitude but that the full treatment

gave a vibration level reduction of the order of 10 db ir the frequency

band around 1370 Hz, This means, as might be expected, that aijacent

panels are important in determining the respcnse bwh•icor of a given

panel.

It is ieportant to realize that the treatment -ised in tnese ground

vibration tests, and in the subsecuent in-flight tests, utilized ore

particular room-temperature viscoelastic adhesive, Ahich is not intended

for application at other temperatureb. Specifically, the treatment

consisted of three layers of roo, temperature adhesive (Referer-ce 3),

0.002 incties thick, sandwiched between three layers of aluminum foil,

0.005 inches thick, and attached to the skin-panel surface by the )utside

layer of adhesive, as sketched i,; Figure 10. The complex modulus

behavior of this adhesive, as measured by the variation of the real part

of the Young's modulus and the loss factor with temperature and fre-

quency, is illustrated in Figure 11. This material is both temperature

and frequency sensitive and is most effective in a layered damping

treatment, It should be recognized that the treatment corsidered in these

particular tests utilized only one adhesive material and was optimized

4
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for operation near room temperature. Yne next two sections are concerned

in part wltn the aoproach used to broader the e'Jective temperature

range of th- Lreatment.

2, V!3RATION TESTS ON CLAMPED-CLAMPED BE/,M

in order to demonstrate the typical behavior of structures daWd

by mu itple constrained layer treatmerts, it is convenient to report

also on some tests carried out, for aifferent purposes, or, a cla=oed-

clamped beare. The test syster is illustrated ir Finures 12 anA 13. Tests

were carried out in which modal damping and resonant freuiencies were

measured for a 7 inch by 1 inch by 0.05 inch thick alumninum beam with

various layered treatm..ents added, The first type of treatment

(a) considered was the same as that used on the H14-53 tests, namely alter-

nate layers o" RT adnesive 0.002 inches thick aMd alwiinum foil 0.00O5 inches

thick. Graphs of modal loss factor n's versus temperature and frequency

are illustrated in Figure i4, for several modes of vib-ation. F,•ther

details are available in Reference, 4 and 5. In Reference 4 it is

shown that for three 'r more layer pairs in the treatment, it may be

treated as if it were an equivalent homogeneous free layer treatment

having appropriate -or-plex modulus values which depend on the properties

of the adhesive, the properties of the constraining layer, and the modal

half-wavelength. The equivalent Young's modulus and loss factor of the

treatment are shown in Refe.ence 4 to te a function of the "shear

parameter" *n and the thickness ratio ;ic/h 0 , in the following manner:

E/Ec = ((1 h/h)

-e/-D = c'n, h,/hD) (2)

where

2 2n 2 E i - (3)

c r +1 cD

L 5
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(c) a treatment consisting of alternate layers pairs of RT adhesive

0.002 inches thick and aluimin•, foil 0.005 inches thick, and low

tenperature fLT) darrpinq tapes (;igure 16). The adnesive in the LT

treatment is a low temperature damping material (Peference 7) while tne

RT adhesive is riost effective near rour temperature.

(d) a treatment consisting of two layers of LT damping tape, and ore

layer of RT adhesive with a 0.00ý inch thick aluminar foil containing

layer (Figure 16).

Test results for treatment (b) through (d) are illustrated in

Figures 17 to 19, Treatments (b) and (c) both increase the temperature

range over which a sigr.ificant amount of damping can be achieved, whereas

treatment (d) does not. Figure 20 shows the variation of ED and

with teiroerature and frequercy tor the LT adhesive system.

3. VIBRATION TESTS GN SIMPLE STIFFENED STRUCTURES

It is possible to estimate, to some degree of accuracy, the effect

of these darping treatments on stiffened structures more representative

of the HH-53 helicopter fuselage. It has been shown in Reference 8 that

the modal dairping anc resonant frequency of a multi-span stiffened plate

structure uniforry covered with a nultiple layer danping treatrie.t having

e single adr, ;,Pe rater~al and a single constrainirg layer mterial,

are given by-

- '- = i1<A -2 -. :1/Be (6)
S e

-h II 'A -2•. ," -7.•- co . L " -

where ff =dxd.

- • 2 • 28

Lx

7
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A = [(1 - n2e) 3+(1 +[2n+n 2 ]e) 3]/(1 + ne)3 (9)

B = [(2n + 1 +n 2 e) 3 _ (1 - n-e) 3 ]/(i + ne) (10)

8 nm is a non-dimensional parameter depending on the eigenvalues, normal

modes, and second derivatives of the structure. The normal modes and

eigenvalues can be measured or calcuiated by transfer matrix techniques

(Reference 9) or in other ways. In the absence of such data, as was the

case for the HH-53 investigation, it is necessary to estimate anm by some

other means. One such way is to apply a known homogeneous free layer

material to the skin of the structure, measure the modal damping n s, and

deduce the value of anm from Equation 6, using known values of e = ED/E

and n = hD/h. For a skin-stringer structure of geometry very similar

to that of the HH-53 system, and illustrated in Figure 21, anm has been

estimated to be about 8.0, as compared with a value of 2.0 for the

clamped-clamped beam (Reference 11). On the basis of this value of

anm' one can then estimate ns for the structure with a constrained layer

treatment added, of type (a). Results for such calculations are illustrated

in Figure 22, along with some of the measured test results. It is seen

that changing anm from 2 to 8 alters the numerical values of n1s but

does not appreciably change the qualitative manner in which ns varies

with temperature. It is this fact which makes the clamped-clamped beam

tests a fairly reliable indicator of the general behavior of more complex

damped systems, such as the HH-53.
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SECITON I'd

IN-FLIGHT TESTS

Accelerometer, microphone, and thermocouple measurements were recorded

on magnetic tape, for each operitinq rindition of the helicopter. A

total of 44 sets of records was oltained. The test system used is

illustrated in Figure 23. The data was recorded on a Honeywell Model 760n tape

recorder/reproducer system. Automatic gain changing amplifiers were used, with

the gain levels determined for each transducer during each test condition.

Narrow band analysis of the test data recorded on the magnetic tapes

was conducted using a Spectral Dynamics Model SD1OA Dynamic Analyzer,

with a 50 Hz bandwidth and a scan rate of 10 Hz per second. Third octave
band analysis was also conducted for preliminary evaluation of the data,

but these results are not discussed in this report. Figures 23 to 25

show some aspects of the measuring system used in more detail.

The full test series is described in Reference 1, therefore only a

few cases will be reported herein. Figure 26 shows narrow band spectra

obtained for accelerometer A-14 and microphone M-3 for three flights, in
the condition of 100% OGE Hover, Flight 1 corresponds to the aircraft

completely stripped of all acoustic treatments, i.e. the usual service
condition. Flight 2 had acou.tical blankets over the entire fuselage

area except for the area under the transmission housing where the damping

treatment was to be applied, as illustrated in Figures 2 and 5, and with

the drip pan cover under the tran:mission also treated. Flight 3 was
identical to Flight 2 except that thQ damping treatment was added to the

skin in the designated area. Some difficulty was experienced during
Flight 2 due to improper closing of a door, but the results obtained

seem to indicate some improvement due to damping. Figure 24 shows the
position of accelerometer A-14 and microphone M-3 relative to the

fuselage skin and the panel frames. Figure 27 illustrates the block
diagram of the flight test instrumentation.

9
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SECTION V

SUMMARY AND CONCLUSIONS.

Four flight tests, plus additional ground tests, were performed on

an HH-53 C Helicopter to evaluate the effectiveness of multiple layer

damping treatments, applied to the fuselage skin, as a means of reducing

high frequency cabin noises associated with re-radiation of sound by

the skin structure.

Acceleration, acoustic, and temperature measurements were made on

the aircraft at several locations and for several flight conditions.

Cabin noise peaks which occurred near 1370 Hz, 2600 Hz, and 5400 Hz

corresponded to specific gear clash frequencies. At these frequencies,

the transmission caused the heavy supporting frame to vibrate. This in

turn excited resonant frequencies in the skin-stringer structure of the

fuselage. Several resonant frequencies occurred near 1370 Hz so that

slight changes in the excitation frequencies did not de-tune the system

but simply excited different modes in the skin-stringer structure, with

no significant change in sound levels. The higher frequency peaks

corresponded to resonances in the heavy supporting frame as well as in

the skin-stringer structure.

Only a small portion of the structure was covered with damping treat-

ment, the remainder of the cabin being covered with acoustic blankets.

This was done to conserve the limited amounts of damping material

available. The treatment was optimized for room temperature application

only, since materials and treatments for broader temperature ranges were

not available at the time of the tests. More suitable treatments have

been designed and are discussed here. The damping treatment used in the

test was shown to be effective in reducing skin vibrations and hence the

radiated noise in the cabin, particularly near the 1370 Hz peak.

Significant reductions, up to 12 dB, in skin acceleration were noted at

frequencies where the skin was a major noise source. Acoustic

measurements in the cabin demonstrated a 5 to 11 dB reduction in noise

level, although fully representative quantitative measurements were

difficult to make because of the relatively small area treated by damping,

10
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-te large number of noise sojrce; anc differences in cabin door posit~on,

daring some 3t the tests. Further efforts using broader temperat.,re

range damping treatrents and more coverage are clearly .eeded,

it was also observed that the transmission drip Pan was a mo:or

source of cabin noise and an effort to increase its acoustic transmission

loss should be made in any future tests. In the Dresent tests, some

reduction was achieved by adding a combination of fibergldss and lead

vinyl blankets under the drip pan.

The following conclusions are therefore drawn from tnis effort:

(1) Significdnt caoin noi e peaks were found to occur near 1370 Hz,

2600 Hz, and 5403 hz,

(2) The 1370 Hz peak corresponds mainly to vibrations of the skin.

(3) The 2600 Hz and 5400 Hz pe.Ks were mainly related to resonances

of the heavy supporting frarm, as well as tile skin-stringer

structure,

(41 The damping treatment used in these tests, which was of limited

useful temrperature range and covered a limited area, resulted

in 12 dB vibration level reduct'on at certain frequencies and

a 5 - 11 dB reduction 4s cabir noise level.,

(5) For broad tem.Derature range appiications, it was found that

damping treatrient configuration (b), illustrated in Figure 16,

gave the best results in tests on a clarmpea-cla.ned beam, other

treatr-etit configurations wi-h other stacking sequences not being

as effective. While these rcsults are appropriate for somewhat

differcnt structural configurations than the HH-51 fuselage,

these results should be borne in m~nd in future testsý It should

also be noted that these darving techniques are appropriate for

controlling noise resulting from radiating resonant structures

and the presence of such resonances should be verified before

applications are considered,

{I
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