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Procedure for Evaluation of Engine Isolators
for Reduced Structure-Borne Noise Transmission

J. F. Unruh*
Southwest Research Institute, San Antonio, Texas

Analytical models of a general aviation aircraft engine, vibration isolators, and engine mount structure are
dynamically coupled to an empirical model of the aircraft fuselage for the purpose of developing a structure-
borne interior noise transmission model. Laboratory base tests of the aircraft with isolators of various structural
properties provided relative isolator performance data for correlation of the analytical model. Results of the
study indicate that the frequency-dependent mechanical properties of the isolators play an important role in the
transmission of structure-borne noise. The frequency range of interest in the study was up through 1000 Hz.

Nomenclature
Cs, =fuselage inertance matrix
Fp =forces applied to engine c.g.
Fyg =attach point nodal forces associated with X,
Fg, =attach point nodal forces associated with X,
Fg, =nodal forces associated with X,
Fg, =attach point nodal forces associated with X,
i =complex number v — 1, also index
I =unity diagonal matrix
Ixx =engine roll inertia
Iyy =engine pitch inertia
1,5 =engine yaw inertia
k, =isolator complex axial stiffness
k, =jsolator complex radial stiffness
K =stiffness matrix, in general
K% = fuselage dynamic stiffness matrix
=mass matrix, in general
My, =engine mount rigid body mass matrix
My =rigid engine mass matrix
P3, =firewall force excitation to cabin sound pressure
level (SPL) transfer function matrix
q, =engipe mount elastic mode degree of freedom
q, =engine mount rigid body degree of freedom
Q =engine mount elastic mode eigenvectors
Or =engine mount rigid body eigenvectors
T, =engine c.g. to isolator rigid body
transformation
X,Y,Z =Cartesian coordinates
X, =engine mount interior nodal degrees of freedom
Xz =engine c.g. degrees of freedom
X, =engine-to-isolator degrees of freedom set
X =engine-mount-to-isolator degrees of freedom set
X, =fuselage degrees of freedom
D¢ =engine-mount-to-fuselage degrees of freedom set
=engine mount critical damping ratio
bl - =material loss factor
0x,0y,0, =angular rotations about the Cartesian coordinates
w =circular frequency
w, =engine mount free-free normal mode circular

frequency
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Introduction

VER the past few years considerable attention has been

given to the reduction of interior noise in general
aviation aircraft. A majority of the literature in this area has
concentrated on reduction of the airborne source by in-
vestigating methods for increasing sidewall transmission loss
or reducing the propeller signature. The twin engine aircraft
has been the major subject of the above referenced work
owing to the geometric location of the propeller plane, being
in close proximity to the fuselage sidewall. In single engine
general aviation aircraft the structure-borne noise component
produced by engine vibrations has been shown to be a major
source of interior noise.! The interior noise spectra shown in
Fig. 1 are taken from data presented in Ref. 1, wherein
ground tests of a Cessna Model 172 aircraft were carried out
using an engine attached/detached test technique to determine
the engine induced structure-borne noise contribution. As can
be seen by the data given in Fig. 1, engine induced structure-
borne noise has significant components up through the 1600-
Hz band. For the referenced data which was taken at an
engine speed of 2160 rpm, the fundamental propeller tone is
in the 80-Hz band, and establishes the major low-frequency
component. Responses in the 500-1250-Hz bands establish the
major midfrequency contributions.

Improved engine vibration isolation would appear to be a
viable noise control measure for the reduction of the struc-
ture-borne noise in the single engine aircraft. However, ef-
fective application of any noise control measure requires
predictive procedures for screening candidate materials and
test procedures for verifying the choice of a particular control
measure. To this end a program was undertaken to develop
the necessary analysis and test procedures to synthesize engine
vibration isolation treatments for reduced interior noise
transmission. The specific objectives of the program were to
1) develop an analytically based structure-borne noise
transmission model for isolator design evaluation, 2) develop
a laboratory based test procedure to simulate engine induced
structure-borne noise transmission, and 3) test a range of
candidate isolators for relative performance data and basic
data for transmission model correlation.

In the sections to follow, the procedures used to develop a
structure-borne interior noise transmission model of the
Cessna Model 172 aircraft are given along with a description
of the laboratory based test facility used to obtain isolator
relative performance data. Thereafter, comparisons of
predicted-to-measured results for various isolator sets are
given to verify the transmission model and to point out the
modeling detail necessary to insure adequate representation.
For additional discussions on the various aspects of the pro-
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gram and detailed expressions for the matrix elements used in
the transmission model, the reader is referred to Ref. 2.

Transmission Model

Coupled structural acoustic modeling procedures for light-
aircraft-type structures have been given some attention over
the past few years®3; however, the proposed procedures have
not been validated for the higher-frequency region of interest
to this study® (up through 1000 Hz). The scope of the present
study was for the most part limited to investigating the engine
mount structure and vibration isolator design and therefore
changes to the fuselage/cabin area were not anticipated. For
these reasons it was decided that the fuselage/cabin response
would be characterized empirically. On the other hand, all
components forward of the fuselage firewall were to be
modeled analytically so that design variations in these
components could be easily incorporated into the system
model.

The transmission model was developed using the con-
ventional aircraft global axis system, where X is aft along the
centerline of the fuselage, Y is to the pilot’s right, and Z is
upward for a right-handed system. Each of the four model
components: the engine, the vibration isolators, the engine
mount structure, and fuselage cabin response, are described in
the following sections.

Engine as a Rigid Body

The engine was modeled as a rigid body and is shown
schematically in Fig. 2 along with its associated centroidal
coordinate set { X} =[X,Y,Z,04,0y,0,]. Also shown are the
assumed rigid extension arms to each of the four isolator
attach points. At the isolator attach points it is assumed that
the 3 translational degrees of freedom are sufficient to model
the transmitted engine loads. The rotational degrees of
freedom were not represented and therefore no moment
carrythrough exists at these points. The degree of freedom set
at - the isolator attach points is denoted as (X, }=
\X,.Y,.Z,,...X,, Y, Z,]. ]

The motion- at isolator attach point i due to a prescribed
engine motion is given by the rigid body transformation
defined as

X0
Y
X;
_ z
Y, v=[Ti] < ; 1)
0x
Z;
Oy
&HZ ~

For the complete attach point coordinate set we may write
T,
T2

S| XR) =T (Xe) @
cg

T
The dynamic equations of motion for the rigid engine may
be written as

MMl (Xp ) = {Fr) + [T ] T{Fs dx ?3)

where My, is the rigid engine diagonal mass matrix comprising
MMM, Ixy, Iyy,1,,); [ Xz} are the c.g. accelerations; and
{Fs; 1 are the attach point nodal forces associated with the
displacement set {X;}. Throughout this paper dif-
ferentiation with respect to time will be denoted by the dot
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Fig. 1 Structure-borne noise equals airborne noise.
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Fig.3 Vibration isolator degrees of freedom.

superscript; thus, for accelerations, the double dot super-
scripts are employed. :

Vibration Isolators

The vibration isolators were modeled in their local axis as
being independent radial, k,, and axial, k,, frequency-
dependent springs.

ky=k!(w)[1+in(w)] 4)
and
k,=k; (o) [1+in(w)] (5)

where i is the complex number v — 1; k*(w) and k¥ (w) are the
radial and axial spring modulus amplitudes; and 5 (w) is the
isolator material loss factor. At this point we have for the
most part specified harmonic excitation. However, the
equations of motion hereafter will still retain their time
domain formulations for a consistent representation among
all components of the model. The isolators are considered to
have an effective dynamic mass equal to their physical mass.

The vibration isolator is schematically shown in Fig. 3 in its
local and global axis representation. The degrees of freedom
(DOF) associated with the isolators are those on the engine
side of the isolator, previously defined as {Xg;} and a
corresponding set on the engine mount side of the isolator,
(X}
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The dynamic equations of motion for the isolators may be
written as

M0 X
[ IR R S
)
0 ! MZ| Xy
K LK || Xy Fy,
SR G N D S =4 (6)
i
K%Y | K% X Fy v

where {Fg, } and {Fg; } are the nodal forces associated with
the {Xs;} and {Xs5;} coordinate sets, respectively. The
assembled isolator mass and stiffness matrices, M, and K,
reflect the isolator axial alignment being 45 deg to the global Z
axis thereby coupling Y-Z motion.

Engine Mount Structure

The engine mount structure is an assemblage of 1.91- and
1.59-cm 4130 steel tubes which form a very strong and
lightweight (5.22 kg) carrythrough structure. The engine
" mount is schematically shown in Fig. 4 with its corresponding
coupling degrees of freedom. The coordinate set { X, } is the
coupling degrees of freedom associated with the isolator
attach points, and the set { Xg, ) is associated with the engine-
mount-to-fuselage attach points. A finite element model of
the engine mount was developed to represent its dynamic

1,

(0 ISOLATOR ATTACH POINT

@&
(X] FUSELAGE ATTACH POINT

Fig. 4 Engine mount structure with coupling degrees of freedom.

riginal equipment

Fig.5 Vibration isolators and mounting lugs.
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characteristics up through 1000 Hz. The model consisted of 72
structural nodes interconnected with 70 elastic beam elements,
resulting in a dynamic model with 201 degrees of freedom.
The isolator attachment lugs, see Fig. 5, were not modeled in
the finite element model. These lugs are modeled as a spring in
series with the isolator. The lowest stiffness is in the axial
direction with a minimum value of 5.25 x 10 N/m. The local
stiffness of the lugs are of interest only in the ‘‘rigid’’ isolator
configuration which will be discussed in a following section.

Modal synthesis techniques were used to reduce the number
of degrees of freedom in the model. The model was expanded
in terms of its free-free normal mode responses. A total of 51
normal modes of the free structure exist in the frequency
range up to 1000 Hz. In addition to the 51 elastic modes, an
additional 6 rigid body degrees of freedom are necessary to
completely describe the engine mount response to arbitrary
motion. Owing to the high number of elastic mode responses,
the elastic modes were band selected in groups of 30 each
during the model predictions.

The resulting dynamic equations of motion for the engine
mount structure are, in matrix form,

| i
My, 0 g, o ! 0 q,
----- e b T [ S B B
0 7 d. 0 | 28w, 4.
r ! - N
0 | q,
+ | - :& ——————— = >
]
L. 0 : we - qe -
oL | |em
= |- Fs)dm |- 1 Fs2 Ime @
Lo L o5 |

where M), is the engine mount rigid body mass matrix; Iis a
unit diagonal matrix; § is an imposed critical damping ratio
for each elastic mode, w, is the normal mode frequency; Qp,;
and Q,,, respectively, are the rigid body and elastic mode
components associated with the { X, } DOF set; Qg, and Q,,
are, respectively, the rigid body and elastic mode components
associated with the {Xg,} DOF set; {Fyg;},, are the nodal
forces at the isolator attach points; {Fyg,},, are the nodal
forces at the fuselage attach points; {g,} are the 6 rigid body
DOF; and {q,]} is the elastic mode DOF. The nodal motions
of the engine mount are related to the rigid body and elastic
mode DOF via the normal mode eigenvectors.

I N I B

X = Or: i Qe {“S‘} ®)
kit it Wi q.

X; Orr 1+ Qo

For completeness in the above expression, all interior nodal
degrees of freedom of the engine mount structure, { X}, have
been included. However, the interior set, { X}, is not needed
in the transmission model and therefore was not retained.

Aircraft Fuselage and Interior Response

The dynamic characteristics of the fuselage at the engine
mount attachment points and the response of selected cabin
interior locations were determined by what is generally
referred to as point and/or transfer impedance testing. For
the problem at hand it would be most convenient to represent
the fuselage as a series of coupled spring-like elements
wherein mathematically we may write

[K$) (X} ={Falr &)
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K%, is the frequency-dependent dynamic stiffness matrix;
{Xs,} the nodal displacements on the fuselage at the engine
mount attach points; and {Fg,} the corresponding nodal
forces. The degrees of freedom associated with the firewall
are shown in Fig. 6. Again the rotational DOF were not
retained at the engine-mount-to-fuselage attach points.

Direct measurement of displacement was not considered to
be convenient or reliable for the determination of K7%,.
However, the use of acceleration as a base would allow direct
and accurate recording of the inertance at the points of in-
terest for a number of possible forms of excitation. In terms
of inertance,

(X ) =[CH1{(Fs)F (10)

where (Xg,} are the nodal accelerations and C%, is the
frequency-dependent inertance matrix. Upon inversion of the
inertance matrix we obtain the system apparent mass and for
harmonic motion {Xg,}=—w?{X}, which allows for-
mulation of the desired dynamic stiffness matrix in terms of
the measurable inertance matrix;

[KH]=-w?[CH] 7! (11

Sound pressure level (SPL) responses at selected points
within the cabin interior, denoted as P1, P2, and P3, are also
characterized with respect to the nodal forces { F, }  as

(P} =[P, 1{Fs)F (12)

where {P,;} are the responses at P1, P2, and P3; and P, is a
matrix of firewall force excitation to cabin SPL transfer
functions.

Application of a single nodal force, with all other nodes
force free, will allow determination of a column of the in-
ertance matrix, C¥%,, by recording all nodal accelerations, and
a column of the pressure matrix, P%,, by recording all interior
pressure responses. A continuous random source was chosen
for the present investigation. Data analysis procedures for the
random data are straightforward,® but rather lengthy. A tri-
axial accelerometer arrangement was used -to simultaneously
record orthogonal acceleration responses at a single engine
mount attach point along with the input force signal and the
three interior SPL responses.

A typical driving point inertance spectrum is given in Fig. 7;
the magnitude is given in gravity units per Newton input
force. From Fig. 7 we note that the overall response is
primarily stiffness-like throughout the major frequency
region of interest. The measured spectra showed the fuselage
to be dynamically a very symmetric structure, and reciprocity
was reasonably well satisfied during the data acquisition

Fig. 6 Firewall degrees-of-freedom notation at the engine mount
attach points.
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process.? For use in the analytical model, quasisymmetric off-
diagonal terms were averaged to insure reciprocity.

For the bare fuselage interior the sound pressure level
transfer function spectra were quite rich in harmonic content.
The response at microphone P3 due to excitation at Fy; is
given in Fig. 8. Microphone P3 is located at the midcabin rear
passenger position. The arrow around 64 Hz in the spectrum
indicates the response at the cabin fundamental acoustic
resonance.

The dynamic stiffness matrices, [K%,1, and the pressure
transfer function matrices, [P%,], were developed at 2.0-Hz
intervals from 10 to 1000 Hz for characterization of the
fuselage. Linear interpolation of the complex matrices
allowed continuous representation of these quantities
throughout the frequency range of interest.

Component Coupling Procedures

The independent degrees of freedom chosen for the
transmission model are the 6 engine rigid body DOF, { X, };
the 6 engine mount rigid body DOF, {g,}; and the engine
mount elastic DOF, {g,}. The various component expressions
are coupled via force summations at each of the component
interfaces: 1) at the rigid engine to isolators,

{Fsiir +{Fs }yy=0 (13a)
2) attheisolators to engine mount,

(Fsp Yyr +{Fs ) =0 (13b)
3) at the engine mount to fuselage,

{Folu+t{Fs}r=0 (13¢)
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Fig. 7 Fuselage driving point inertance at X;.
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Fig. 8 Fuselage sound pressure level transfer function, input at X,
response at P3.
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Table 1 Engine mass properties

Measured Designed
Item parameters parameters
M, kg 170 170
Ixy, kgm? 1.756 1.747
Iyy, kgm? 7.901 8.369
Iz, kgm? 14.338 8.837
X, m —-0.522 -0.522
Y, m 0 0
Zg,m 0.070 0.070
Table2 Isolator mechanical properties
Radial Axial
Isolator stiffness stiffness
configuration k}, N/m k;,N/m
R1-—Rigid 1.75x 107 1.75x 107
R5—RI1 +mount lug 1.75x 107 5.25x10°
OA—Original equipment 6.02x 106 4.64%x10°
AA—Soft rubber 2.83x 107 2.19x10°

Compatibility of displacements at each of the component
interfaces is implied via the use of consistent nodal
displacements throughout the component models. The
resulting fully coupled system of equations take the form

M, 0 | 0 Xz

] i
_______ RS ORI B
0 | My | My d, ¢
_______ A O ) S
0 : M32 : M33 qu

28w, q.
[ Ky iKzz E Kys (X Fp
t| K [ Kn Ky |{a,f=10 (14)
L Ky EK32 i K33_ L4 _(_)_

where detailed expressions for the various matrix elements are
given in Ref. 2. Upon specification of a set of forces applied
at the engine c.g., the resulting interior pressures are deter-
mined from

Pi= [P K3 (00! Q) [ as)

e

The above complex valued expressions were programed for
solution in FORTRAN IV-Plus on a DEC PDP 11/70
computer.

Experimental Program

Test Facility

The 1963 Cessna model 172 single engine aircraft used in
the previously referenced source identification ground tests
was also employed in the present investigation. In the
previous studies, engine attached/detached tests were carried
out to determine the structure-borne noise component. The
structure-borne noise levels were determined by subtracting
the airborne noise, which was. obtained during the engine
detached tests, from the engine attached spectra. The sub-
traction of the airborne component worked quite well since
both source components were of near equal strength.
However, it was realized that if moderate reductions in
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Fig. 9 Dummy engine and test setup.

structure-borne noise were obtained, the engine running test
facility would not yield accurate measures of structure-borne
noise levels. This was the major reason for developing a
laboratory based test facility. The simulation of engine ex-
citation would be supplied by electrodynamic shaker ex-
citation applied to the engine. After preliminary laboratory
tests it was felt that shaker excitation of the engine could be
harmful to the engine bearings unless the propeller was
continuously rotated during the tests. It was also desirable to
have well-defined engine mass properties for development of
the analytical model and a mechanically convenient means of
varying engine isolator properties. For these reasons a dummy
engine mass was designed for the laboratory test facility.

The dummy engine mass properties were designed to meet
the primary mass properties of the actual engine, which were
determined from a series of static weight measurements to
determine the engine center of gravity and a series of swing
tests to measure principal inertias. In Table 1, the actual
engine measured mass properties and the dummy engine
design calculated mass properties are listed.

The design of the dummy engine allowed direct use of the
existing engine mount frame and the incorporation of a series
of engine vibration isolators with varying mechanical
properties in addition to the original equipment isolators (see
Fig. 5). The original equipment isolator, OA, was adapted to
the dummy engine via a pair of ring collars to pick up engine
loads in the axial direction. A rigid (steel), R1, set of isolators,
duplicating the soft rubber, AA, Series 22002 isolator
dimensions, was also manufactured to provide a baseline
configuration. The static isolator properties were obtained
from the manufacturer’s product literature and are listed in
Table 2. For the purposes of maintaining numerical stability
in the solution procedures, the ‘‘rigid”’ isolator stiffness was
set to a finite value. Adjustment for local engine mount lug
stiffness for the rigid isolator is listed as configuration RS.
The baseline values for the material loss factor (y) for the
isolators were taken to be 0.10; specific loss factor data were
not given in the product literature.

The wings, empennage, and interior trim were removed
from the test aircraft during previous investigations. A 1.27-
cm plywood bulkhead was installed at body station 108,
which separated the cabin area from the fuselage aft tail cone.
This bulkhead replaced the standard interior trim, which was
a thin plastic panel with molded stiffeners. In this con-
figuration the cabin was most sensitive to structure-borne
noise transmission and provided a maximum signal-to-noise
ratio for the acoustically untreated laboratory environment.

Engine excitation was provided by a 7100-N Unholtz Dickie

electrodynamic shaker which could be attached directly to the
dummy engine at various points, resulting in several loading
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Fig. 10 Measured peak SPL transfer function response at P1, load
case 2, reference 89-N rms.

configurations. Load case 2 allowed for simulation of engine
torque oscillations. In Fig. 9, the test facility is shown in the
load case 2 configuration. The engine c.g. force and moments
corresponding to load case 2 are F, = —0.875 Fs, F;=0.485
Fg, and M, =0.212 Fg, where Fg is the shaker input force.
For all data presented in this paper, Fg was set at 89-N rms.

A load cell was attached directly to the engine at the shaker
attach points to provide for input force control. Three
microphones were located within the aircraft cabin: P1 at the
pilot’s right ear position, P2 at the copilot’s left ear position,
and P3 midcabin at the passenger’s ear level to record interior
SPL response.

An amplitude servo/monitor driven by a sweep oscillator
provided a signal for a constant harmonic input force. The
oscillator was swept from 10 up through 1000 Hz at a rate of 2
Hz/s, which was the fastest sweep rate possible without loss
of peak response in the low-frequency region. The interior
microphone signals were input into a tracking filter set on a
5.0 Hz bandwidth. The outputs of the tracking filter were
routed to X-Y recorders to obtain transfer function data. A
Fast Fourier Transform (FFT) computing spectrum analyzer
was also used to record one-third-octave peak SPL responses
of the interior microphones.

The sound pressure level data presented herein are
referenced to p, =2%x 1073 N/m?.

Data Correlations

The test aircraft in flight operates at an engine speed
ranging from 2100 to 2700 rpm. The resulting engine ex-
citation spectra consist of engine Y2-rpm harmonics of
multiples. ranging from 17.5 to 22.5 Hz. The resulting
combined operational excitation spectra are therefore dense
beyond 70 Hz. The probability of coincidence of an engine
harmonic with peaks in the measured structure-borne noise
transfer function spectra would be high for normal flight
conditions. With this in mind, the sound pressure level
transfer function data were analyzed with a FFT analyzer set
on the peak capture mode for one-third-octave resolution. A
plot of the resulting SPL transfer function data at P1 for load
case 2, and isolator configurations R1, OA, and AA are given
in Fig. 10. The presentation of the data in terms of peak one-
third-octave transfer function level greatly improves the
interpretation of the relative performance of the various
isolators. The dramatic increase in SPL response in the 1000-
Hz band is due to a 970-Hz dummy engine resonant bending
response. Likewise, the interpretations of the level of
correlation between predicted and measured results were
considerably enhanced with presentation of the one-third-
octave spectra data, as is shown by the spectra given in Fig.
11. As previously discussed, the engine-mount-to-isolator lug
compliance was not modeled in the engine mount component
but rather represented as compliance in series with the
isolator. The effect of local lug compliance is represented as a
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Fig. 11 Comparison of peak SPL transfer function spectra at P1.

reduction in rigid isolator stiffness, as shown by isolator
configuration R5 given in Table 2. Corresponding predicted
spectra are given in Fig, 11a and, as can be seen, taking into
account the local lug stiffness, greatly improved the “‘rigid”’
isolator predictions in the region from 100 to 300 Hz. For the
compliant isolator predictions, the lug stiffness, of course,
had little effect owing to the in series arrangement of the two
compliances.

It is felt that the “‘rigid”’ isolator test results are reasonably
well predicted throughout the frequency region of interest,
with the only exception being the response dominated by the
dummy engine elastic mode which was not included in the
transmission model. This being the case, the discrepancies in
the predicted results for the compliant isolator tests are at-
tributed to insufficient representation of the isolators
themselves.

In Fig. 12, the effects of varying the isolator material loss
factor » from the nominal value of 0.10 up to 1.0 are given.
As expected, changes in isolator damping mainly affected the
response at the engine fundamental support frequency.
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Fig. 12 Predicted effects of isolator damping on peak SPL transfer
function spectra at P1, load case 2, configuration AA, reference 89-N
rms.
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Fig. 13 Effects of isolator stiffness variation on peak SPL transfer
function spectra at P1, load case 2, reference 89-N rms.

However, it should be noted that doubling the isolator
material loss factor did not decrease the interior response by 6
dB at the engine support frequency, but more on the order of
from 2.5 to 3.0 dB were realized. This is due to other system
damping being present, such as interior absorption or cabin
radiation losses which are reflected in the fuselage dynamic
stiffness.

The rapid fall-off of predicted interior SPL transfer
function response in the higher-frequency region for the OA
and AA isolators as compared to the measured data is at-
tributed to the frequency dependence of the isolator material
properties. The exact material properties of the isolators were
not known; only their static deflection characteristics were
known with a reasonable degree of certainty. Results of a
study to determine the degree of frequency dependence of the
isolator material properties necessary to bring the model
predictions up to the measured results are shown in Fig. 13. In
Fig. 13 one-third-octave peak SPL transfer function measured
data are compared to predictions for 1) configuration AA,
wherein the nominal static isolator properties are used; 2)
configuration AC, wherein the isolator stiffness increased
linearly to five times its static value in the frequency range
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from 10 to 1000 Hz; and 3) configuration AD, wherein a
linear increase to 25 times the static stiffness occurs over the
predicted frequency range. The results given in Fig. 13 show
that the variation in isolator stiffness with frequency is a
strong parameter for correlation to the measured data.

For the sake of completeness it should be pointed out that
an in-depth study of the engine mount structure was also
carried out during the program. Owing to its extremely
lightweight/high-strength design, the engine mount dynamic
response did not greatly influence the overall transmission
characteristics of the system.?

Concluding Remarks

Analytical models of the simulated engine, vibration
isolators, and engine mount structure were coupled to an
empirical model of the fuselage for the purpose of developing
a structure-borne interior noise transmission model of a test
aircraft. From analysis of interior SPL transfer function data
obtained from laboratory based tests for a series of isolators
with varying mechanical properties, and comparison of the
data to predicted transmission levels, the following ob-
servations were made.

1) The elastometric isolators do not appear to operate as
constant property single-degree-of-freedom systems with
respect to noise isolation. Noise isolation beyond ap-
proximately 150 Hz levels off and appears to decrease
somewhat above 600 Hz.

2) The frequency dependence of the isolator material
properties appears to play an important role in the trans-
mission of structure-borne noise in the mid- to high-frequency
region of the spectrum. Isolator stiffness is a strong
parameter, while isolator damping is a much weaker
parameter.

3) For the test aircraft, moderate changes to the light-
weight/high-strength engine mount structure did not effect
the transmission phenomena.

4) The modeling procedures used appear to be adequate to
judge the relative performance of candidate isolators for the
purpose of retro-fit isolator design if the mechanical
properties of the isolators are known.
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