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FOREWORD
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F33615-77-C-3035. This research was conducted under Project 2401 and Task 240104,
"Vibration Prediction and Control, Measurement and Analysis."
Mr. Jerome Pearson (AFFDL/FBG) was project engineer.
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This report entitled, "STOL Aircraft Structural Vibration Prediction Method," has been
divided Into two volumes, Volume I is entitled, "Prediction Procedure and Aircraft
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Parameteric Studies", and Volume 01 is entitled, "Acoustic Prediction Detalls and
Additional Plots For Small STOL Aircraft."
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SUMMARY

i Structural response predictions have been made for two important areas of

k. a short-takeoff-and-landing (STOL) aircraft. The method was developed to
significantly improve environmental predictions compared to those used in
the past. A mathematically rigorous spectral analysis approach was
developed that simulated the structure with a finite-element model which
used correlated and calculated acoustic input data for the forcing function.

The structural vibration analyses were successful in predicting operating
levels and describing the frequency content of responses at selected
locations on the structure. Comparisons of predicted and measured data
show that the method developed and described here may be used to predict
complex structural response to jet engine excitation.
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A method was also developed for the prediction of the external acoustic
L. environment of STOL aircraft with upper-surface-blown (USB) flaps. The f
method is described in detail, and comparisons are given between predicted
and actual measurements. The method gives good results and represents a }
significant improvement over previous acoustic prediction methods. ;
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SECTION 1
INTRODUCTION

1.1 Program Objectives
) The first objective of the program was to use available data of the vibration and acoustic
B characteristics on Short Takeoff and Landing (STOL) aircraft to predict the resulting
: s aircraft structural vibration levels.

A second objective was to develop a method of predicting the external acoustic levels
for a STOL aircraft and to use these predictions as inputs to the structural vibration

analysis program.

k. ‘ The two areas chosen for detailed study of both objectives were the wing/flap structure
4 and the fuselage section adjacent to the wing root, upper surface.

Use of the methods developed will provide environmental vibration predictions in all
areas of STOL type aircraft.

: Additionally, parametric studies were made of STOL aircraft from 50,000 b to 1,000,000
Ibs for structural vibration prediction levels. These values were compared to the
i vibration criteria of MIL-STD 810 C.

"B 1.2 Program Definition

Phase | of the STOL Program was divided into 10 tasks. These include:

! Task 1 Program Definition j

. - Task 2 Method Development - Flap Structures ’

3 ,‘ Task 3 Apply YC-14 USB Flap Data |
: x Task & Comparison to Flap Data Tests l
Task 5 Discrepancies and Refinement of Flap Prediction

b b Task 6 Fuselage Structure Method Development

. Task 7 Apply YC- 14 Fuselage Data
- 4 Task 8 Comparison to Fuselage Data Tests

i -,
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Task 9 Discrepancies and Retinement of Fuseiage Predictions . d‘

i Task 10 Acoustic Field Prediction Development [

Phase Il was divided into four tasks. These include: ‘1

Task 11 Parametric Studies of Vibration Response

! Task 12 Noise Field Parametric Predictions |

Task 13 Compare Predictions to Estimated Test Specs ;

; Task 14 Report Preparation ]
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PHASE I - DEVELOP PREDICTION METHOD 3
SECTION 11
TECHNICAL ANALYSIS METHOD DEVELOPMENT
The technical analysis for Phase I consisted of three parts: 1) eigenvalue analysis of a '
finite element structural model, 2) definition of the acoustic environment, and 3) 1
random harmonic analysis. The data flow for the analysis appears in Figure !.
For the finite element models used in the analysis, two USB flap models and three

fuselage models were developed. These are described in greater detail in Sections Il and
IV. Inputs to the finite element analysis included model geometry and degrees of

G -

NI Py = o - T

freedom of an array of nodes; definition of a system of structural elements, fixity of
each element, section properties, material properties and assumed structural damping
values. The Structural Analysis Program, SAP 1V, (Reference 1), written for the CDC
6600 computer, was used for the finite element mode| eigenvalue analysis. Outputs
included modal frequencies and modal displacements at each node location. The acoustic
environment used for the analysis in Phase | was based on available test data which
consisted of power spectral density plots of sound pressure vs frequency at several
microphone locations. A scheme was devised for interpolating and extrapolating the
data to each panel. This interpolation scheme s discussed In Section IIl. The
interpolation was accomplished through a simple computer program which generated
output data in the complex matrix format required for subsequent analyses. Real and 3
imaginary parts of each rnatrix element were generated, with one matrix being
generated for each input frequency. The matrix size is equal to the number of panels.
The diagonal elements (real) are values of power spectral density at each panel, The ofi- k-
diagonal terms, representing cross-spectral density terms, were included in the first set ;
of calculations for the USB flap response and compared to the results from calculations
where the off-diagonal terms were set equal to zero. The results differed by only 10%, 1
so subsequent computations were made using only the diagonal elements. |

For the structural response analysis, it was necessary to know the modal displacements ,
at the centroids of each panel. A simple computer program was written to interpolate i

the mode shapes from the finite element analysis. This interpolation consisted of simple .
arithmetic averaging of the modal displacement at each of the four corners of a panel.
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The modal data and the acoustic environment data were input to the Random Harmonic
Analysis Program (TEV 1356, Reference 2), Also Input were values of generalized
stiffness, structural damping, modal displacements at output stations (corresponding to
accelerometer locations for which test data are available), and a list of frequencies at
which output data were desired. Details of the solution technique employed appear in
Reference 2. Briefly, the program sclves Equation | of Reference 2 which, when
modilied for this application is:

) B -] (s

where [M,] = Generallzed stiffness matrix (sizem x -

tM# =  Generalized inertia matrix (sizem xm,

[c = [¢]T[ A] = Forcing function matrix (sizemx n)

(8] . Matrixof mocal dispalcements (size n xm)

[A] = Matrixof panel areas (size n x n)

{ q } = Matrix of generalized coordinates (sizem x 1)

{4} = Matrixof generalized accelerations (size m x 1)
< = Structural damping coefficient

{p} »  matrix of panei pressures (size n x 1)

m a  Number of modes

n = Number of panels

The load equations follow the same format as the equations of motion,

{2}-[m]{a) @

where { Z } = Matrix of accelerations at output stations (size k x 1)
k = Number of output stations

[ﬁ}] = (llg)[nA] = Matrix of coefficients (size K x m)
= Gravitational acceleration
t¢ A] = Matrix of modal displacements at output stations (size k x m)

—— 3




The program performs Laplace transformations on Equations | and 2, resulting in,

[ [w,] 4+ 2+ s?[u, ] ]{a}= [c;Jf m2} | 3
{L(’z‘)} - §2 [ﬁ;] { q } )

Laplace operator

Laplace transformed coordinate matrix

Laplace transform of panel pressures
Laplace transform of output accelerations

where:

(al
fue }
{Led)}

Generalized coordinate and load frequency response functions are obtained by solving
Bquations 3 and 4.

The program then employs the technique of generalized harmonic analysis, viz.,

$o (W) = I_TJ [CPSD] {T} (5)

Output power spectrum at a specific station at frequency
Row matrix of output frequency response to a sinusoidal force of
frequency W acting at the ith excitation point (size 1 x n)

where: @ (W)

LT}
{1}

{cpsb]

Transpose of T
Matrix of cross-power spectral densities at frequency W (size n x
n)

n

Equation (5) is solved for each frequency of interest and for each output station. The
root-mean-square response ls obtained by the expression:

A [_[) %(w)dw]”




SECTION I
FLAP STRUCTURE VIBRATION PREDICTION

This section of the study is limited to the YC-14 aircraft USB flap structure, since
significant amounts of ground and flight test data were available for comparisons.

Both vibration and acoustic data were obtained from ground and flight tests, These data
were recorded simultaneously for several conditions to enable correlation studies to be
made of the acoustic input and the structural response., The flap area received the
highest input energy on the aircraft and thus determination of the structural response in
this area was of paramount interest.

3.1 USB Flap Model Development

The first Upper Surface Blowing (USB) flap model was considered as two separate panels
(plates); the main USB flap and the aft USB flap.

To solve the frequency determination of plates, an approximate solution, using the
Rayleigh principle, was used with the Warburton Method (Reference 3) where the

coefficients in the frequency equation were given for several different boundary
conditions.

Calculations were made for a plate simulating the YC-14 main USB flap. The initial
boundary condition used was condition |5 on page 375 of Reference 3 where the forward
edge was assumed to be fixed.

The comparison of calculated and experimental frequencies indicated a large discrepancy
between use of Warburton's prediction for a flap aspect ratio of 1.716 and 1.225, i.e.,
ratios of span to chord dimension of main and aft USB flaps,

In reviewing the frequency data of both the YC-14 airplane main and aft flaps, it was
noted that the frequency of buth were nearly identical. This fact clearly leads us to
believe the two flaps act very nearly as a single unit, With this in mind, the decision was
made to calculate Warburton's frequency predictions using the combined flap assembly as
a single unit, where the aspect ratio was .2941.

6

B e i n e




I R I e e e S e T

The frequency comparisons indicated a good first approximation but not sufficiently
accurate to warrant use of this model for response calculations using acoustic excitation
of the flap. In the interest of a more rigorous math mode] and an overall caiculation
method, the decision was made to build a finite element model, With such a model, the
details of the structure could be more accurately described and response of given
locations compared to the flight test data

Two finite element USB flap models were then used in the development. Model | was a
simple plate tinite element model and was found to lack some definition. As a result, a
more detailed model was formulated in Model II and provided more detailed results.

3.2 Finite Element USB Flap Model [-Definition

Model | was fashioned after the plate model that was studied earlier with the Warburton
calculations, This model was formulated as drawn in Figure 2. The dimensions for the
model nodal points were selected as shown in Figure 3,

Model I was then input to the SAP IV program with the input format as given in the
print-out of the data card image of Figure 4. The print-out of the frequencies for the
first 10 modes was listed in Figure 5. This data was plotted for comparison to test data
in Flgure 6.

Model ! was formulated after the mass was matched to the actual flap weight of 837
pounds. The Warburton calculations had the dimensions,

L = 204in. (length)

w = 60in. (width)

t, = 94ln (thickness)

Po = Ol 1b/in?  (Mass density)
386

Thus, W = Lwt, Po = 1150.56 lbs.

or, -%—: Tl%iz = 7275, was the correction factor for mass.
0

The SAP IV run, using Warburtons thickness as a first input, gave a frequency ratio from
experiment of 7.64 as seen in the experimental data, i.e.,




—
01’“

2
) a (7.64)°% = 383

"
| 2
K/W
from this then >/ Wo -({0—) = 383
1 L o s s = s2m u
i Ko

X : or = = 349
¢ t

S from which t = 3.49 (94) = 3.28 inches.

. Then, to calculate the correct mass density of the plate, we see,

Pt

Wo “fPot

° :
= (-;; -tﬂ)po =(-§%—79?-)(3—i3-) = 54 x 1070 slugs/ln3 €

These values of thickness and mass density were then used as input to the finite element
i program, SAP IV, The resulting mode!l frequencies are shown In Figure 5 for the first ten
modes. Comparison with measured values is shown in Figure 6.

)

Modal plots have been generated from these SAP IV runs, using the tabulated data as

¥ shown In Figure 7. The actual mode shape plots were obtained from this tabulation and

3 are shown in Figure 8 thru 13, It can be seen that the modal definitions are reasonable for
the density of the data points taken. This model was thus felt to represent, in a realistic
manner, the USB flap and warranted the application of an input excitation for harmonic
analysis.

S e e s o

3.3 Harmanic Analysis of Model |

s

S The USB flap response power spectrum for surface element g due to the pressure {
A excitation forces on all surface elements Is of the form:
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¢ (w) =21: ;"u““”nq‘“’”;q“‘?" lT'J [cpsn] 7] 6)

where
oq(m) = Response power spectrum for element g

¢l)(m) = Cross-power spectra (CPSD) of the excitation forces on
elements | and j

qu(w) = Output frequency response at element q to a unit iurce
acting at the i*" element.

The excitation points were determined by dividing the USB flap upper surface into 16
panels of equal area as was shown In Figure 14 with a given pressure acting over each
panel. The power spectra and cross-power spectra for the pressures acting on the panels
were extrapolated from the data that was obtained from the four acoustic sensors
located as shown in Figure 14, The extrapolation of the data for each panel for which
there were no measured data was accomplished using the following formulas:

Measured Data

°10, 103 bll, 113 °13, 13 014, 143 °10, 143 °ll, 143 °13, 14

Extrapolation Formula

°9, 9 °1o, 10
°1z, 12° °13, 13

°15, 157 ’16, 16 "14, 14
Qm = ¥.8Xis8) * where i=1,... 8

Ql,(hl) = °13.1u » Where i=1,...7and 1=9,...15

°1,(i+2) = Qll,l“ ] \Vhel’e l+1, ) 6 md 159’ ) -14




{\ ’l'(l+3) - ’11'1“ » where ill’ «eeJand ll,, es e 13
5,"- ’1’““) = . o 14 where lIl. s 4 and !I9, seel2
’l,(l+7) - 13’1“ » where i-z' .

Ol'“"‘;) = ’13’14 ’ Wh.r. lll, a0 8

°"“+9) = ’ 3 1“ » Wh.f. l.l,u . o7

A map of the upper triangle of the CPSD matrix Is shown in Figure L5, The lower part of
. the triangle is the complex conjugate of the upper triangle.

The equations of motion and load equations were based on modes calculated in SAP IV.

Equations of Motion

e ol cudf] (o1

where [M lJ = Generallzed stiffness matrix (size m x m)
Em ﬁ] =  Generallzed inertia matrix (size m x m)
L [c = ¢ T[A} = Forcing function matrix (sizemx n)
[gl s  Matrix of modal dlspalcaments (size n xm)
! [AJ = Matrix of panel areas (size n x n)
3 { q } = Matrix of generalized coordinates (size m x 1)
{q =  Matrix of generalized accslerations (size m x 1)
: 4 = Structural damping coetficient

{e} =  matrix of panel pressures (size n x 1)

m = Number of modas

n =  Number of panels

10
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An example of a portion of the output spectrum values for the three accelerometer
positions are shown on the computer printout sheet in Figure 16. These results have been
tabulated and converted from GZ/RAD/sec to Gz/Hz as shown in Figure 17,

The solutions were for YC-14 flight condition where the test conditions were; altitude
7,620 feet, speed 216 ft/sec, N 1 of 3,098 RPM, and USB flap setting of 40 degrees.

The resulting RMS accelerations for the three accelerometer locations were as follows,
tabulated below:

ACCELEROMETER NO. | DENSE cPSD DENSE CPSD | DIAGONAL CPSD
MATRIX MATRIX MATRIX
g=.03 = .01 &:1.03
Gpums Cams’ Gpums
1421 1.82 3.02 1.67
1417 2,93 #.82 2.55
1428 158 2.58 1.18

LOAD EQUATIONS

[7] - sk[*dB)s ®

[‘l'] frequency responses for acceleration
[.o] matrix of modal values at accelerometer locations
(4] = The matrix of generalized coordinates, each column representing
the response to a unit pressure acting on one of the excitation panels.

Procedure

At each frequency, the dynamic analysis computer program solves for the response,

T |, and performs the calculations as shown in Equation (8). Each output spectrum is
integrated over the specified frequency range (26 to 195 Hz) to obtain the RMS value of
the accelerometer response. The cross-power spectra were enriched by extrapolating
the measured data as described in the list of extrapolation formulas given previously.
The basic equations of motion using the generated modal values from the SAP IV finite
element program ylelded the generalized coordinates of the response to a unit pressure




acting on the excitation panels. Once the response coordinates were obtained the
frequency responses could be determined as Indicated in Equation (8).

3.4 Comparison of Model ] and Test Data

The following experimental values were obtained for the frequency range used in the
calculations (26-195 Hz):

Accejeration No. GRMS
1421 1.59
1417 1.20
1428 0.40

Several points must be discussed before any general conclusions can be drawn, Model I
does not contain the hard points of flap actuation attachment, where the accelerometers
were located. Neither does this math model simulate the heavy spars In the flaps where
those attachment points are located, From this lack of simulated tle-down or hard
points, we would expect the calculated results to lack definition.

The initial comparisons for the USB flap setting of 40° were for three accelerometer
locations where calculations for g = .03 were used with the "dense" cross-power spectral
density (CPSD) matrix. Calculations for these accelerometers using the diagonal CPSD
matrix gave results that were within 10% of the results from the "dense" CPSD matrix.
Thus, only the diagonal CPSD matrix was used for subsequent comparisons.

The response values for the YC-14 USB flap were calculated for additional damping
values of .06, .09, .12 and .15; see Figure 18. The total damping value for the USB flap
of 0.15 represents the best match. This value would include structural damping as well
as aerodynamic damping.

The response values for the three USB flap accelerometers for an assumed structural
damping value of g = .15 are shown in Figures 19, 20, and 21.

12

ol e ey e e




Beoo ool

3.5 Finite Element USB Flap Model lI-Definition e
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The results from the Model I were encouraging but did indicate a better model was ,
. needed for more detailed response predictions. Thus, Model II was formulated and much ¢
of the actual USB flap structure was simulated including the attachment points of the
two hydraulic actuators at node points 40-73 and 45-74 of Figure 22, Detalls of this
mode] appear in Figures 23 through 25. The refinements incorporated into Model II
which did not exist in Model I, include the followings (1) The number of nodes has been
increased by a factor of nearly 3; (2) Actual geometry is better represented; (3) Spars,
ribs, leading edges, and trailing edges are represented as beam elements; (4) Hinges are N
free to rotate; (5) Actuators are simulated by truss elements (6) Actual material
properties arc used in the simulation of the various structural components.

LTSI RS
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The finite element model includes 78 nodes, 74 of which are on the flap and 4 of which
represent actuator attachment points. Structural elements include 64 beams, 59 plates,
and two truss elements. Although the skin thickness and material vary over the flap, a
constant equivalent aluminum plate thickness was used in the model. Since the flap is
actually a three-dimensional structure, it was necessary to use equivalent plate thickness
as described previolsly for Model I, Using the SAP IV program, following an initial
eigenvalue analysis and mode shape inspection, a procedure similar to that described
previously was employed to obtain a frequency match.

The list of the first 13 natural modes of the USB flap is given in Figure 26, These mode {
shapes resulting from the finite element analysis have been plotted in Figures 27 thru 39 i
and illustrate the complexity of the USB flap vibrational response thru a frequency of E
approximately 300 Hz. b
i
¢

3.6 Harmonic Analysis of Model II (78 Node Model) vt

" The harmonic analysis of the USB flap, Model Il was made using the acoustic excitation %,
i measured by the four acoustic microphones, M35, M37, M40 and M#!, as shown in Figure b

{ 40 as the input forcing function. This acoustic data for the four microphones Is given in




Figures 41 through 44. These data were obtained from the YC-14 in a STOL condi%ion,
altitude 7620 feet, speed 216 ft/sec and a USB flap angle of 40° The diagonal CPSD was
used for the input excitation and the data interpolated to cover the entire model. The
Random Harmonic Analysis was then used with th: USB flap finite element Model I
simulation to determine the response values for the three locations corresponding to
accelerometers No. 1417, 1421 and 1428 shown with asterisks in Figure 45. The resultant
response predictions have been tabulated in Figure 46 for three different assumed
damping values. A sample page from the computer print-out for the accelerometer
response prediction with g = .06 is given in Figure 47,

3.7 Comparison of Predictions for Model 1I With Test Data

The predictions for G = .15 for all three accelerometer locations have been plotted in
Figures 48, 49 and 50, The actual test data from three accelerometers that were located
on hard structure where actuators were attached are also shown. The detailed structure
at these [ocations was not completely simulated but the resuits show levels that were
very representative of the high environment associated with this area. The frequency
content also Is noted to be indicative of the frequency range in the higher environment.




SECTION IV
FUSELAGE STRUCTURE VIBRATION PREDICITON
4.1 Fuselage Finite Element Model Development

The fuselage area of interest Is shown in Figure 51. The primary considerations in the
finite element structural modeling were: (1) The need to cover a broad frequency range
(25 - 1000 cps); (2) Computer resource limitations; (3) Computation costs. It was
determined that a single finite element model would not be adequate for the entire
frequency range. Three models were developed, one for the low frequency range (25 to
100 cps), one for the intermediate range (100 to 200 cps), and one for the high frequency

range (above 200 cps). Figures 52 through 54 show the nodal grids of each model relative
to the actual fuselage structure,

Details of each model appear in Figures 55 through 67. For the low-frequency-range
model, nodes were located at the intersections of every third frame and every fourth
stringer as shown in Figure 52,

A finer nodal grid was selected for the intermediate-frequency-range model as shown in
Figure 53, Nodes were located at the Intersections of each frame and stringer.
Additional nodes were located on each stringer at points midway between frames. The
nodal density was 24 times that of the low-frequency-range model,

The high-frequency-range mode! was represented by a nodal grid as shown in Figure 54.
The central portion of the model employed a finer grid than the outer portion to give
better definition in area of measurements, Nodes were placed at each frame/stringer
Intersection. Additlonally, in the streamwise direction, seven rows of nodes were placed
equally spaced between successive frames. Nodes were placed midway between stringers
in the outer portions of the model and three equally spaced rows of nodes between
stringers In the central portion. In the outer portions, the grid density was 8 times that
of the intermediate-frequency-range model and 192 times that of the low-frequency-
range model, In the central portion, the grid density was 16 times that of the
intermediate model and 384 times that of the low-frequency-range model, giving much
increased definition for determination of the higher frequency modes.
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Nodes, coordinates, and structural elements for the low frequency range Model I are
shown in Figures 55 through 58, The complete model simulates a hali-cylinder section of
the fuselage spanning 16 frames. Employing the grid described previously, the model
consists of 66 nodes. Between each successive set of stringer nodes is a beam element
with four times the cross-sectional area and four times the moment of inertia of a
stringer. Between each successive set of nodes in a tangentlal direction is a beam
element with three times the section properties of each frame. The total number of
beam ‘elements is 116, Plate elements, 55 in humber, are located between each set of 4
adjacent nodes. Element material and section properties appear in Figure 67. With the
exception of nodes 1-6 and nodes 61-66, each node was given two translational degrees of
freedom, Y and Z, and three rotational degrees of freedom, Symmetrical boundary
conditjons were imposed on nodes 1-6 and nodes 6 1-66, i.e., these nodes were constrained
from displacement in the Z direction and from rotation about the X and Y axes., The

corner nodes, 1, 6, 61, and 66 were constrained from any translational or rotational
motion.

Nodes, coordinates, and structural elements for the intermediate frequency range Model
II are shown In Figures 59 through 62. The model simulates a section of fuselage defined
by four frames and five stringers. The model includes 35 nodes. Beam elements with
section properties equal to those of the actual structure are located at the stringer and
frame locations. Plate elements are also included. Material and section properties
appear In Figure 67. Each node was given two rotational degrees of freedom, about the

X and Y axes. All but the corner nodes, 1, 7, 29, and 35, were given a Z translational
degree of freedom. ‘

Details of the high frequency range Model Il are given in Figures 63 through 66. The
model includes 81 nodes, 48 beams, and 64 plates. The degrees of freedom were the
same as for the Intermediate frequency range model, i.e., Z translation and X and Y

rotation for all but the corner nodes (1, 9, 73, and 81) which were constrained from Z
translation.

The above descriptions have been given to Indicate the degree of detail that would be
used to cover given frequency ranges.
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4.2 Low Frequency Fuselage Model I

The SAP IV finite element program was used to predict the lower frequencies of interest
of the Fuselage Model I. A tabulation of the first 20 frequencles has been listed in
Figure 68, The mode shape of the center portion of the model have been plotted and
serve to indicate the response of such a structure nearly free of the end constraints. In
this case, the model was supported with the four extreme corners clamped. These node
points were |, 6, 61 and 66 as seen in Figure 55. The mode shapes of the center portion,
defined by node points 19, 24,43, and 48 have been plotted in Figures 69, 70,71 and 72.

The acoustic excitation for this portion of the fuselage was available only at a limited
number of transducer locations. Microphones Mé, M13, M16, M18 and M20 were used and
Interpolation and extrapolation were necessary so as to cover the entire model. The
locations of the microphones have been shown in Figure 73. The condition chosen for the
response study was for maximum engine thrust during grourd run-up, The acoustic data
was plotted in Figures 74, 75, and 76. The summa;'y of the acoustic data was listed in
Figure 77 with extrapolated data for two microphones M18 and M20.

The acoustic PSD data was then used to excite the low frequency fuselage model of
Figure 52 and the response from the Harmonic Dynamic Analysis Program was obtained
at locations on the finite element model corresponding to locations where actual
accelerometers were located in the YC-14 alrplane. The accelerometers were located as
shown in Figure 73.

The calculated responses of the low-frequency fuselage model have been plotted at
corresponding locations on the model for the accelerometer locations of A58 (stringer),
A59 (body frame) and A61 (skin, center of panel) and compared to the PSD data from the
actual accelerometer responses. These comparisons have been plotted in Figures 78, 79,
and 8Q.




S ST e

e g et el L

B udi= L e L + 2. o e 2 Rl

b S SRR

S it Y Ca e b

43 Mid - Frequency Fuselage Mode] I

The mid-frequency fuselage Model II was shown in Figure 53. The eigenvalues for the
first 8 modes are shown in Figure 81 and cover a frequency range from 60 to 350 hz. The
model was pinned at the four corners at node points 1, 7, 29 and 35. The mode shapes
have been plotted in Figures 82 thru 89, The acoustic excitation of the model was again
obtained from extrapolated data from microphones M6, M13, M16, and M20. The same
Flight Test Condition was used to calculate model response. The orientation of the Mid-
Frequency Fuselage Model I in relation to the low-frequency fuselage Model I is shown
in Figure 90. In addition, the location of the microphones and response measuring
accelerometers are shown in this same Figure 90.

The response of the fuselage local section Model II has been plotted also in Figures 78,
79, and 80 for the three accelerometer locations.

4.4 High Frequency Fuselage Model II1I

The High-Frequency Fuselage Model III was shown in Figure 54, The detail node
positions have been defined In Figure 63, the coordinates in Figure 64 , the beam
elements in Figure 65 and the plate elements in Figure 66. The SAP IV prog‘:"am gave the
first 20 frequencies from 269 to 987 Hz as listed in Figure 91. The mode shapes have
been plotted in Figures 92 thru 95.

The acoustic excitation was the same as for the.previous models with the Harmonic
Analysis results of the response predictions for the stringer (A58) and the skin (A61) as
shown in Figures 96 and 97,

18




SECTION V
ACOUSTIC FIELD PREDICTION METHOD
5.1 Introduction

A procedure for estimating fluctuating pressures, hereafter referred to as noise, on f‘
STOL alrcraft is presented in this section. The procedure is mainly concerned with
predictions aft of the nozzle exit plane and in direct view of the engine exhaust flow
stream, in reglon A of Figure 98. An approach to extending the procedure to indirect
points, in Region B, is also provided.

The procedure yields 1/3 octave band spectrum estimates associated with five propul-
sion/flap noise sources and with turbulent boundary layer (TBL) activity.

TR

The total noise is then taken to be the (power) sum of the separate source spectra. A 0
typlical (low speed/high power) situation is suggested in Figure 99. .

The general range of application of this procedure is summarized in Figure 100, and is
discussed in Sectlons 5,2-5.4,
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A

Methods for modifying or supplementing the 1/3 octave band estimate procedure to yield
power spectral density estimates are discussed briefly in Section 5.5. Finally, comparisons
between measured and estimated 1/3 odave band noise spectra are presented in
Section 5.6.

D o e P e —
© -

Within the context of the present contract,(i) the exterior surface noise is taken to be
the principal function governing airframe vibration, and (il) exterior surface noise is
considered to be known no better than is the airframe vibration. Exterior surface noise
estimation hence becomes a part of the general overall problem of estimating airframe
structure vibration given airplane configuration and structure details and given engine
and airplane operating parameter values. Hence, within the context of Phase I of the
present contract, noise estimation is considered as Independent of the vibration
estimation problem in which the noise environment is known, and vice versa. Develop- '
ment of the vibration prediction procedure is thus broken into two independent parts, (i)

19
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vibration response prediction given the noise excitation, and (ii) noise excitation
: prediction given the airplane/engine/flap configuration and operating status. The focus in
\ ; this section is on the latter prediction procedure.

The procedure presented has resulted from support provided both under the present
) ; contract and under recently completed NASA contract NAS2-9328 (Reference 5).
3 YC-14 data--which was the prime data used in the development of the noise estimation
procedure presented herein--was analyzed and a general characterization for the YC- 14
airplane developed. This characterization was then generalized and formalized Into a
prediction procedure applicable to any USB STOL airplane. Without question the
motivation and support of both contracts has been essential, and without support
provided under both, the development of the procedure presented herein would not have
been possible,

g 52 Scope

v The present procedure provides 1/3 octave band estimates of fluctuating pressures on
f USB STOL aircraft surfaces primarily aft of the nozzle exit plane, and in direct view of
- (most of) the engine exhaust field.

The estimate for a typical field point P in Figure 101 Is taken to depend primarily on the
characteristics of the jet flow field closest to P. For the purposes of the estimate, a
‘ ribbon idealization of the flow field is employed. The procedure is specifically oriented
to points strongly scrubbed by the exhaust flow stream, as well as points up to about 5
(hy draulic) nozzle diameters away from the flow boundary, and up to about 10 diameters
¢ downstream of the nozzle. The procedure is most applicable for cold secordary, dual
1 flow nozzles (with bypass ratios between 2 and 6 and aspect ratios less than about 5)
4 where the bottom lip s integral with the wing top surface.

A i SRS LA

2 Sl AT

The procedure yields 1/3 octave band spectrum estimates for each of the following:

(<] Jet mixing noise in the presence of a scrubbed wing/flap system with or without
vortex generators

Near-nozzle noise
+] Tralling-edge noise
Noise associated with (partial) separation of the exhaust flow from flaps

SR S R L T
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Turbulent boundary layer noise
Exhaust shock noise

©

: A summary flow diagram for the overall procedure is present in Figure 102, Note that
turbomachinery noise (for both inlet and exhaust) is not included in this estimation

procedure.

53 Estimation Procedure Development

As noted in Section 5.2, the prime source of data drawn upon has been that for the
YC- 14, and which is summarized and discussed in Reference 5,

The most obvious characteristics of all the static and low-speed YC-14 data was (a) the
simple, single-peaked, gently rolling-off spectrum shape of the noise for all points close
to or scrubbed by the jet mixing region of the exhaust flow field, and (b) the inverse ratio
” between the spectral levels and their distance from where the flow field roughly seemed
to be. The general shape of noise spectra is illustrated in Figure 103, The dependence
on distance away from the flow field is illustrated in the same figure, and also in Figure
104 & 105, in which the position of the flow field (as reflected In the position of the USB
flaps) is changing, The effect of forward velocity Is illustrated in Figure 106, and
suggests a reduction in peak spectral level and an increase in the frequency of the peak

level with Increasing forward velocity.

;

4

E; On the basis of observations as these, a flow field idealization model and a jet mixing
f‘ noise model were developed. These models together yielded fuselage field point to flow
} boundary separation distances, and noise levels consistent with the smoothed behavior of
| much of the YC- 14 ground (and some low-speed flight) surface noise data.

0 Estimate procedures for the remaining nolse source components addressed in the overall
i ' procedure were then built up to account for the most obvious deviations of the data from
the estimated jet mixing noise component, The exhaust shock noise component was
based on correction of distinctive deviations (re. the other components) observed during
i high-speed/high-altitude (cruise) operations.
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The effort summarized in the above three paragraphs is discussed in detail in Refer-
ence 5. In particular, extensive discussions of the characterization of the flow field, jet

mixing noise, tralling edge noise, exhaust shock noise and turbulent boundary layer noise
are to be found there, -

5.4 Estimation Procedure

Computational aspects of the estimation procedure are divided into 9 sections, and which
are presented in detall in Appendix A of Volume II. These sections are:

Appendix A Section Subject Addressed
kN1 Characterization of the Flow Ribbon
3.2 Geometry Computations
3.3 Jet Mixing Noise
3.4 Near-Nozzle Noise
3.5 Trailing-Edge Noise
3.6 Separation Noise
3.7 Turbulent Boundary Layer Noise
3.8 Exhaust Shock Noise
3.9 Estimation for Indirect Field Points

Brlefly, the parameters used to characterize the flow field (ribbon) idealization*, shown
in Figure 107, are Its maximum width, W#, (or W*DOOR)’ its skew angle, O*, and its
trail-off angle, 8'. These are computed in Section 3.1. The geometric factors which
enter into these computations are:

*The specific idealization is as follows: The flow exits the nozzle with a width equal to
the nozzle exit width, flush with the wing surface. The ribbon spreads linearly in width
with position downstream of the nozzle exit plane until it reaches the beginning of the
strongly curved portion of the flap. Thereafter its width remains constant, and its
direction of flow (as viewed from above) parallel to the engine centerline. It initially
remains attached to the strongly curved portion of the flap, turning to the angle @', at

which point it separates from the flap and continues on a straight course at the elevation
angle 9.




nozzle side lip angles

nozzle top lip (kickdown) and bottom angles

wing surface inclination angle

nozzle width, height and effective exit area

skew angle of nozzle exit plane

distance from nozzle exit plane to start of strongly curved portion of flap system
size of nozzle side door opening (if present)

© O 0 0o O O o

In addition, the following operational parameters enter into the computations:

o static flow tuming angle of the propulsion/flap system at the specific flap setting
considered
airplane speed

i ‘ o  engine exhaust mixed jet velocity

fi

3 _ The coordinates of the field point, P, at which the noise estimates are sought, are next
computed (Section 3.2) in terms of (see Figure 101)

L]

6 = minimum distance of P from ribbon
S = downstream coordinate of P as measured along ribbon

Information required for these include (in addition to those flow ribbon parameters from
Section 3.1):

o Coordinates of the fleld point P
o Coordinates of fixed reference point P, on the nozzle exit plane (see Figure 3 of

Vol. ll, Appendix A)

. The values of these two coordinates, when normalized by DH' where

:.I‘. “
) Dy = \ﬁn Agrr
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5 and

AE.FF u effective area of engine nozzle exit plane (including effect of -
both primary and fan flows), :

along with the values of parameters listed in Figure 108, are then used to compute the
estimates of the various noise components:

jet mixing noise (Section 3.3)
near-nozzle noise (Section 3.4) 3
trailing edge nuise (Section 3.5)
separation noise (Section 3.6)
exhaust shock noise (Section 3.8)

O 0 0 o

In the case of turbulent boundary layer (TBL) noise, § and § are not required, but rather
i (see Section 3.9)

X = boundary layer growth length along the airframe surface to the field
point,

Operational parameters required are ¥

representative flow velocity along boundary layer growth path !
representative flow density of fluid along boundary layer growth path, )

Ol <t
L]

rather than those given in Figure 108.

Each noise component is characterized in terms of

] |
B a generalized spectrum shape ;;-"
";:' ] o spectrum shape peak level, SPka .
o frequency at which the peak level occurs, fpk' as suggested in Figure 109, In the 4

case of jet mixing noise a modification of the generalized spectrum shape is
3 ; introduced if vortex generators are deployed into the flow (see Section 3.3).




B All generalized spectrum shapes i - . essentially based on measured 1/3 octave band data,
' As an example the data shown previously in Figure 103 for measurement points 3, 4, 7,
13 and 14 was in part used to define the generalized spectrum shape for jet mixing noise,

al Sl g G e

Peak level computations generally combine conceptual scaling rules for velocity and
density effects with empirically observed effects of the dimensionless distance of the
field point away from the flow ribbon, SIDH, and downstream of the nozzle exit plane,
- . S/Dy. The general form used for SPLPk Is

- ’ 2
: . SPL = 10 Lo 2 rep \

; Pk !Qa )+ 10 Log [F(T,!-ep) ] !
) ‘

+4, (6/D )+ 4, (5/Dyy) + SPLY

R R

~
~
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pk,
in which

! .| P ifor TBL nolse

f P rep p; for all other noise components,

{

t

z

and - »

E‘ - 'q P = representative fluid density for TBL

i l, (o] = engine mixed exhaust jet density

J"; - j

b {’\ P, =  reference density at which SPL°pk Is defined.
s With regard to the second term

E.‘,v

3 v

‘ F(—repx___(v -V )“; for jet mixing nolse

! v A

: o -J—V—

3 < o

v\

l ‘. (V;J) } for near nozzle nolse and separation noise
' 4

| " (Vj"vA (Vj+VA); for tralling edge noise
v, I\ oc

f ; v \¢

X v ; for TBL noise

o

f\: "

T
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= 84 ; for shock nojse

f

L

where

Vj = engine mixed exhaust jet velocity

alrplane velocity

reference velocity at which SPLgk is evaluated
engine mixed exhaust sound speed

= representative velocity for TBL activity

Va
VO
c,
j
v

The third and fourth terms In the general expression for SPL K’ ivey, Al and Az, are
empirically determined relatlions for the effect of é /DH and S})DH on peak ievel, Recall
that Dy, ls the engine exhaust nozzle hydrauilc diameter. Note that in the case of TBL,
terms of the form of A, and Az do not appear, as suggested praviously.

Finally the fifth term In the general expression for SPL K Is the reference peak

spectrum level at the reference conditions of prep x po, Veet © Vo, and at G/DH':-O, and
usually at $/D, = 3.

The computation of fpk’ i»e., the frequency at which the peak spectral level occurs, is
typically a blend of empirical relations for the effect of GIDH and S/DH, and scaling
rules based on the size of and speed at which eddies closest to the field point are
generated or are convected past the field polnt. A general form is

v v
o qo (et N[ A .
fpk * fp"(!ref)x ("1 )x ey

where
[

0 (‘v'ref )1 1_18 v]/DH ; for jet mixing and shock noise

f
pk g ref S/Dy +3

3.6 vj/DH’ for near nozzle nolse
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1.8 V:/Dy 3 for trailing edge noise

_‘_1‘_ v j/ 61.5; for separation noise

S S I e SR e ST S

" { -
a L 3 V/&BL; for TBL noise
|
.
{3,5. and in which V5, §, Dy and ¥ are as defined praviously, and
|
*% STE. = distance from nozzle exit to flap tralling edge as measured along the
tlow ribbon
§pg =  distance between flow ribbon and flap trailing edge
3 8pp =  thickness of TBL at field point

For the second term in the general expression for fpk

v .
A Ja+V Va+V
[ e B N
(VJ ) (.\.GJ_____ VAA> <—-—-2-——1 VJA> 3 for jet mixing,
tralling edge and

3 4 shock noise
i

: L 1 ¢+ for all other

noise components

The third term in the general expression for fpk’ namely C(5/DH), Is empirical in nature
accounting for frequency changes (typically increasing) assoclated with increasing
distance between fleld point and the flow ribbon point of closest approach,

5.5 Application to Narrow Band Noise Estimation

; The procedure referred to In Section 5.4 and in Appendix A of Volume II ‘was developed
using 1/3 octave band acoustic data, and hence was itself posed In 1/3 octave band
terms. However, for purposes of structural vibration estimation, a power spectral
density estimate s required rather than a 1/3 octave band format.
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ol Limited examination of power spectral density data (corresponding to the 1/3 octave g
\ . . band data used in the prediction method development) shows these to be in general k.
N 3 smooth curves free of distinctive (narrow band) peaks, Hence the 1/3 octave band i
f:‘l_ E procedure can in principal be quite simply extended to predict exterior surface noise
- field power spectral density:
S
| {a) For each source component generalized 1/3 octave band spectrum shape curve ]
‘l denoted as spl(f), determine a generalized power spectral density shape curve, b
denoted by psd(f), such that ' £
! :
2!/8 ¢
i 1
P | It,) - psd(f)ds = 0 .
°;'» | ‘:
. 2 Ve, 3
B |
4 where
A 1(g) = 10%PIEV10,
-
; and £, Is the i th 1/3 octave band center frequency.
4‘ (b) determine the location of the frequency of the peak of the generalized psd shape
" curve with respect to the peak of the generalized spl shape curve,
i !
The determination of a psd function yielding a desired set of 1(f) values at f = f
v {i=1,2y4.)n), requires one to assume a form for the psd function (containing undetermined
I‘i coefticients), Values for these coefficients are then chosen to make the right hand side
‘, \ of the equation relating I(f,) and psd(1) as close to zero at f=f; (i=1,2,...,n) as desired.
i .
b .=
{
f
i '
‘.‘.
'[w.l‘ )
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As example, a simple form for a psd function is

psdl)= [ ¢, 2'“5f1$1< 21/611

-1/6 <, 1/6
c, ;2 fzﬁt 2%,

e ; 2'1/6fn$£<21/6fn

In this case the Ci's are given simply by
1t)
q = Cgte)
2 -2 |

This format is in fact used in Section VI, except that it is applied external to the
estimate procedure, rather than within it.

5.6 Comparisons of Measured vs Estimated Acoustic Data

Comparisons are presented between measurements and estimates generated with the
procedure summarized in the previous section and presented fully in Appendix A of
Volume 1. Four sets of YC- 14 measurement points/flight conditions are considered;

Set 1: At flve flap measurement points all at the same STOL approach condition,

Set 2 At nine fuselage measurement points at the same brake release condition.

Set 3 During various phases of a take-off, covering brake release to climbout, at
one fuselage location.

Set 4 At various extensions of the USB flaps at two fuselage locations.

Values of geometry parameters for the YC-14 used in arriving at these estimates are
listed in Figure 110, Measurement point locations coordinates are surnmarized in Figure
111, A general diagram showing the location of these and other YC- 14 measurement
points appears In Figure 40, presented previously in Section 3.6. Values of operating
parameters for the 10 ground and flight conditions examined are shown in Figure 112,
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Finally, a measurement- point/flight-condition cross reference list is presented in
Figure 113.

With regard to each of the resultant estimates presented in each of Figures 114 - 139,
the measured value curve is Indicated by solid circular symbols, the curve of (total)
estimated noise by solid up-side-down triangular symbols, The remaining open symbols
indicate values of various noise components, as noted on the lower part of each figure.
Note also that the lower part of each figure provides a brief indication of the operating
status of the airplane, and under *"NOTES" the location of the measurement point and the
name of the flight condition, With regard to these, the following abbreviations are used.

ALT = alrplane altitude

SPEED = alrplane speed

N1 = engine fan shaft rotational speed

VMIX = engine mixed primary and fan exhaust velocity

USBFA = USB flap angle

Under Notes:
BS = body station location of measurement point
WL = water line location of measurement point
BL = butt 1ine location of measurement point
VG = vortex generator

The above selection of measurement point/flight conditions spans a reasonably broad
scope of the STOL airplane low speed operations. Note that this selection covers an
overall acoustic level variation of about 30 dB (i.e., 128 to 159 dB) and a 10 to |
frequency range within which the peak spectral level falls (i.e., 40 to 400 Hz). Flgures
114-127 glve an indication of the prediction procedure ability to assess correctly the
effect of measurement point location relative to the engine exhaust stream on acoustic
levels. Figures 127-131 indicate directly the procedure's ability to handle

forward velocity effects, while Figures 132-139, USB flap position effects.
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v : Since a portion of the data exhibited in these figures was used in the development of

. general.zed spectrum shapes, reference levels, etc., appearing in the prediction pro-
1 : cedure, the comparisons shown indicate primarily the self consistency of the procedure. \
g ‘ Based on comparisons presented, and the range of locations and operating conditions g

s ; covered, it is felt that the procedure is to first order highly self consistent. Improved
self consistency could be achieved with further evaluation of YC-14 and other (as for

example QSRA) data, However, such an effort is felt to be beyond the scope of the :
present program. 3
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| PHASE Il PARAMETRIC STUDIES | i
u‘ i ]
i Analytical techniques and computer programs used in Phase I were extended for use in
? Phase Il of the program. These extensions were used to explore the variation of
) environmental vibration and acoustic levels in STOL type aircraft smaller and larger I8
N than the medium STOL airplane studied in Phase I. The technical analysis of Phase Il
M censisted of three parts: (1) development and eigenvalue analysis of tinite element 41
N .; structural models, (2) definition of the acoustic environment, and (3) random harmonic 1
; analyses, The USB flap structure and fuselage structure near the wing root were the two ‘ !
areas studied for parametric effects. These studies follow in Sections 6.0, 7.0 and 8.0. ; s'
'.i .
Y
(
k f
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b SECTION VI

FLAP STRUCTURE VIBRATION PREDICTION—-PARAMETRIC STUDIES K.

6.1 Small STOL - QSRA USB Flap

The QSRA airplane was chosen to represent the small scale STOL. Since we had some
experience with modification of the airplane for NASA, we had access to structural
details and could use this data in our structural representations.

‘ The QSR A USB flap structural representation was derived from the structure shown in
Figures 140, 141, and 142, The upper skin material was .071" AL 301.

The finite element models of the QSR A flap were developed, as shown in Figure 143,
with 31 node points. The coordinates for the nodes were assigned as shown in Fligure 144, :
The beam elements were deterrined as shown In Figure 145 and the plate elements are E
given in Figure 146. This model was then input to the Structural Analysis Program (SAP '
IV) to obtain the mode shapes and frequencies of the QSRA flap, It Is to be noted that
the response of the six locations are on the flap structure and would not Include the
attachment point (which is assumed rigid in this analysis and would have no motion).

The first 20 frequencies were calculated and are listed in Figure 147. The mode shapes R
are shown in Figures 148 through 157. ‘ L

The acoustic input was determined from the data as described in the acoustic parametric
prediction Section VIII of this report. The excitation points of the flap were determined \
by dividing the USB flap upper surface into 20 panels as shown previously in Figure 146
with a given pressure acting over each panel. The power spectra and cross-power
spectra for the pressures acting on the panels were extrapolated from the data that were |
: given for the six locations. The acoustic data have been given in Section VIII in the [
. discussion of the fluctuating pressure estimates for the 50,000 Ib STOL airplane. The
extrapolation of this data for all the panels was accomplished using the extrapolation
technique used for the YC-14 predictions, The frequency responses for six arbitrarily
chosen locations on the flap used the dynamic analysis computer program as was used in
the YC-14 calculation in Phase I. The locations chosen are shown in Figure 158 as points
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1 through 6, Structural response results have been obtained for g = .06, .09, .12 and .15. H
Results of g = .09 are shown in the plots of Figures 159 through 161 for locations 1, 3, j
and 5, for the alrplane condition, STOL approach, N 1= 85%, 50° USB flaps. 3

A comparison with flight data for the QSRA flap is given in Figure 162. Location 1 was
taken as the point for comparison to the accelerometer that was mounted on the flap i

actuator (A13V). ‘l
-

- 6.2 Large STOL - USB Flap
b
by "
: To formulate a design for the large STOL airplane flap we follow the scaling chart listed
_ below:
d SMALL LARGE 4#-
wT 50,000 lbs 1,000,000 1bs |
SPAN 100 fv 270 #t ;
) THRUST 20,000 lbs 400,000 lbs
;
g

The linear scale factor of large STOL airplane to small STOL. airplane is 2.7, 1f we
B scaled the QSRA flap accordingly, the large STOL airplane flap would have a chord of
130 inches and span of 190 inches.

The design of the large STOL flap would ditfer only slightly from the QSRA for purposes
of this study, The details of design are shown in Figures 163, and 164 with the values of
the components listed in Figure 164. Figure 165 Indicates the 6 locations chosen for the
analyses solutions.

TR FI L

gy

Bt Lt

B

%» The large STOL USB flap model was input to the SAP IV program with node points as
f, shown in Figure 166, the coordinates as shown in Figure 167 the plate elements as shown
; in Figure 168 and the structural component values as shown in Figure 169.

|
i
|
|
|
)

' The output from the SAP IV program is listed in Figure 170 for the first 20 Modes. The )
mode shapes are shown in the following Figures 171 through 177.




The acoustic input was obtained as detailed in Section &.4, The response plots of the
large STOL USB flap model to the STOL condition of 50° flap setting and 85% power are
shown In Figures 178 through 189. )

We see the response of the large USB flap has lower frequency content than the QSRA
flap with the response of the 64 Hz mode and the second and third modes clearly seen in
the response plots. The energy content of the large USB flap is also seen in the 150-300
frequency reglon,as would be expected.
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SECTION VII
FUSELAGE STRUCTURE VIBRATION PREDICTION-PARAMETRIC STUDIES

7.1 Small STOL - QSRA Fuselage

The QSRA fuselage model was chosen to represent the upper fuselage from the top
surface of the wing to airplane center line. The area chosen can be seen in Figure 190
and 191, Several models were constructed, one being a 16 node model, where response
calculations were made. However, for better accuracy, a larger model was. finally
selected as shown in Figure 192 that had 77 nodes. The coordinates for this model were
selected as given in Figure 193 with the beam and plate elements given in Figure (94 and
195. The actual stringer used in the QSRA airplane are shown In drawings of Figure 196
and 197 which were included ir ‘he model calculations. Figure 198 summarizes the
structural values used in the QSR A fuselage model.

The results of the calculation of SAP IV with the Berm-Plate QSR A fuselage mode! of 70
nodes is listed in Figure 199 for the first 20 modes. The shapes of the lower modes have
been drawn in Figures 200 through 209.

The model was then excited by the acoustic Input described in Section 8.3 for the

locations shown and for a damping value of .09. The results are shown in Figures 210,
211 and 212,

The fuselage mode! represented the upper fuselage structure from airplane structure,

body station 345 to 450 and WL 198 to 209. The QSRA accelerometers that would
correspond to this region are:

A5V, A6L BS 400 Side Frame/Stringer Junction
A7V, A8SL BS 500 Ceiling Longeron

A comparison with flight data for the QSRA fuselage is given In Figure 213 where
location 7 of the math model is compared to accelerometer A66 which was mounted In
the QSRA airplane at BS 40C on a side frame-stringer junction. The levels show
satisfactory agreement. Location 1 was also compared to test data and indicates the




test data to be lower than predicted up to approximately 76 Hz. (Figure 214), This area
Is somewhat out of the direct impingement area and could be responsible for some error
in the assumed excitation or the model.

7.2 Large STOL - Fuselage

The fuselage model was scaled up from the QSRA data with length, area and mass
factors proportional to 2.5, (2.5)2, and (2.3)3 . The scaled structural values were input to
the SAP IV program for modal frequencies listed in Figure 213 and plotted for mode
shapes shown in Figure 216 through 221.

The -acoustic input was then determined as given in Section VII and the structural
response for the stringer frame locations are given in Figures 222, 223 and 224,

3
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SECTION vl
NOISE FIELD PARAMETRIC PREDICTION

This section discusses fuselage and flap surface noise predictions which were generated
1o provide an excitation input source to the vibration analyses of "small" and "large"
STOL airplanes discussed in Sections VI and VII. The selected airplane geometries,
operating conditions, fleld point locations and necessary scale factor relations for
dimensions and operating parameter values are set forth. An example nolse prediction
tabulation and plot for the small airplane are presented and discussed. Thelr relation to
the prediction procedure of Section VI ls discussed, The simple manner in which the
estimates for the small airplane can be applied to the large airplane are stated.

8.1 STOL Airplane Prediction Parameters

The basic airplane geometries for which flap and fuselage surface nolse levels have been
generated (and which have previously been discussed in Sections VI and VIl are:

o A four-engine, 50,000 b gross weight airplane - the QSRA configuration/design is
used.

o A four-engine, 1,000,000 b gross weight airplane - a scaled version of the QSRA is
used for simplicity.

The two operating conditions for each are chosen as:

o Brake release (100% rated thrust)

- Airplane speed (V A) =0
- Engine mixed jet velocity (VJ) = 870 ft/sec
- USB flaps at 0° (fully retracted)

0 STOL operation (85% rated thrust)

- Airplane speed = 110 ft/sec (65 knots)
- Airplane altitude (ALT) = 6500 ft

- Engine mixed jet velocity = 680 ft/sec
- USB flaps extended to 50°

a8
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‘ Fixed vortex generators are assumed for both alrplanes at both operating conditions,
following the scheme actually used for QSRA.

5' Figures 225 — 230 in the present section describe the 50,000 b QSRA type airplane,
' and the field points at which estimates have been made. Geometric data shown in these
figures is based on QSR A drawings, primarily Boeing Dwg. 340-000003.

The 1,000,000 lb gross weight alrplane was taken to be a scaled up version of the above
‘ 50,000 1b airplane, with its dimensions proportional to the cube root of the ratio of the
i‘- B gross weights. Hence all dimensions of the QSRA airplane apply to the {,000,000 Ib
::;.“ airplane upon multiplying by a scale factor SF, of

5¢ = %1,000,000/50,000 = 2.71

Ly

A second assumption madz is that the engines of the 1,000,000 Ib airplane are exact
scaled replicas of those of the 50,000 lb airplane, and all have the same engine cycle,
by-pass ratio, etc.

Under these assumptions it is further assumed that engine mixed jet velocity, airplane
speed and USB flap angle are the same for both alrplanes at brake release at 100% rated
thrust, and at STOL operation at 85% rated thrust.

LT Ty TTRemTm— T TR W e TR . TR T R T TR

8.2 Prediction Method

SR TS T

The method described in Section V was used to generate the estimates for the small
STOL airplane, as well as providing the simple guidelines needed to apply these to the
! large STOL airplane.

Through Boeing in-house support, a computerized version of the current procedure has
j been developed for the CDC syst¢ém., This program USBEST(3), generates tabulated 1
. jz spectral value lists by noise component and in total, as well as plotting files. Via an
s existing computer plotting program constructed as a part of a 1976-1977 AFFDL/NASA
contract effort to ineasure YC-l4 cabin noise, graphs of the estimates can also be
generated. These programs have been used to generate all estimates appearing in this
report.
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| An example of a computer tabulation and corresponding computer plot are shown in
Figures 231 and 232, respectively,

The one principle difference between the computerized version of the noise prediction

procedure and that presented in Appendix A of Volume Il is the definition of zones,
5 Within the program, and on the output tabulation forms (e.g., Figure 231) the following
definitions are applied:

Zone 0:  All points above the upper wing surface which are forward of the engine
nozzle exit plane,

Zone It All points above or on the wing upper surface which have S values between O
and Lw.

Zone 2:  All points above or on the wing upper surface which have S values betwsen
L\V and §'

Zone 3: All points above or on the wing upper surface with an $ value greater than §',
and all points with an S value greater than S1E*

Zone 4: All points with an S value less than Stg and which are below the wing lower
surtace.

1
A
)
A

The definitions of §, §' and STE used above are the same as those used in Appendix A of
Volume II.

S .

Symbols and abbreviations appearing on the tabulation and plot forms of Figures 231 and |
' 232 generally follow or are mnemonics for those used in Appendix A of Volume II. For
b instance, with regard to Figure 231:

ALT = airplane altitude

- VA = airplane forward speed

VJ = engine mixed (primary and fan) exhaust flow velocity

VGS = vortex generators

. R/RO = ratio of at altitude air density to sea level air density

L ,‘ THETAS = @, per Appendix A of Volume II

‘ THETAP = 0", per Appendix A of Volume II

EX = "exit"

TE = "tralling edge"

DELTA = §, per Appendix A of Volume II
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Abbreviations for noise components include:
MIX = jet mixing noise
NN = near nozzle noise
TE = trailing edge noise
SEP = separatlon noise
TBL = turbulent boundary layer nolse
SUM = nolse associated with power sum of all above noise components

8.3 Fluctuating Pressure Estimates - Small STOL

A complete set of tabulations and plots for the 8 flap and wing field points and the 9
body fleld points are Included as Appendix B of Volume II. A summary of overall levels
at each field point at each of the two conditions considered (brake release and STOL
operation) is shown in Figure 233.

Note in this figure that separate estimates due to the inboard pair of engines alone and
due to the outboard pair of engines alone are included: The estimate procedure is
designed for, and is based on, data from airplanes with two symmetrically placed
engines, as the YC-14, Hence treatment of a four-engine airplane must be handled
indirectly, i.e., two-engines at a time. To this end It is assumed that for noise purposes
the contributions from each pair of engines can be treated independently, and then
summed on a power basis to obtain total noise. (Measured QSRA does exist for
evaluating this assumption at least for noise on the fuselage, but such a check has not i
been made, See for instance Boeing Document D6-47118, "QSRA Flight Test-Noise," -'.‘
J. E. Sommers and A.J. Bohn, 14 Dec, 1978.) The values in Figure 233 and in the .
Appendix tabulations and plots (see Volume II) indicate that under this assumption, the ;‘
contribution of the cutboard engine pair never contributes more to the total (summed) L
noise on the fuselage or inboard flaps than 3 dB and in most cases less than 1 dB.

8.4 Fluctuating Pressure Estimates - Large STOL

Because of the very spacial relationships imposed between the two "paper" STOL )
airplanes which are considered, i.e.,
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0 They are geometrically similar with each dimension of the large airplane being 2.71
times the corresponding dimension of the small airplaie.

0 The operating parameter values are exactly the same for both at brake release, and
' then again at the STOL operation considered,

the spectral estimates for the small airplane can be extended with but small error to the
large airplane. Specifically, '

o overall levels and spectral levels for large alrplane = overall and spectral levels for
i small alrplane

o  Frequencies (and frequency scales) for large airplane = (dimensional scale factor)'1
x frequencies (and frequency scales) for small airplane,

‘ That is, the spectra for the large airplane are those for the small airplane upon dividing
the frequency scale (of the small airplane spectra) by the dimensional scale factor, being
2.71 for the two airplanes considered here,

9 These simple spectral relationships arise from the interaction of the similar geometries

‘ and identical operating condition values for the two airplanes considered with the
following properties of the noise estimation method summarized in Section V and
* described In detall in Appendix A of Volume II

o All component noise levels depend upon the ratio of field point distance to nozzle
4 hydraulic diameter, which for the airplanes under study are the same for both (see
v in particular Section 5.4).

o Beyond this all levels depend In addition on alrplane and engine operating
k - parameter values (i.e., alrplane altitude and speed, engine mixed exhaust velocity,
ff sound speed, and density, and USB flap angle), and which for the airplanes under

i study are the same for both (see in particular Section 5.4),




0 With the exception of TBL noise, characteristic frequencies scale inversely with

engine hydraulic diameter, which for these two airplanes are related by the scale
factor of 2.71.

In the case of TBL nolse, the characteristic frequencies scale inversely to boundary layer
thickness which for the two airplanes considered here go as (geometric scale fac'co:n-)'8 =
(2.71)'8 = 2.2, At brake release where the alrplane speed is essentially 0, this effect is
negligible. At the STOL operation condition the TBL noise component is small compared
to the jet mixing noise component so that again the non-simple scaling effect for TBL

has a negligible effect on the total nolse. (See in particular Section A.4.7 of Appendix A
of Volume I1.)

The manner chosen for relating the geometries and operating statuses of different
welght airplanes in this study leads to probably the most concise relationship possible
between surface nolse fields for different airplanes. To first order the scaling
approaches employed seem quite reasonable. Hence, to first order, surface noise levels
would be expected to remain about the same for airplanes of different size, (but with the

same number of engines of the same by-pass ratio), while the characteristic frequency of
the nolise would become lower with increasing airplane size.

A detailed examination of differences in missions, aerodynamic and propulsive perform-
ance of airplanes of differing weight would undoubtably lead to less simple geometric
and operatlons relations. In turn, these would lead to less easily describable differences
in the surface noise fields. However, within the limitations of the noise prediction
procedure which has been developed in the present study, such differences in geometry
and operations should be addressable directly, and without difficulty.
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SECTION KX
ENVIRONMENTAL VIBRATION PREDICTION COMPARISONS

Comparlson of the applicable mlllltary standards was made here to indicate the impact of
the predicted vibration levels in STOL aircraft. Four pages of MIL-STD 810 C showing
the predicted levels for this type aircraft are shown in Figures 234 through 237. Figure
238 upper curve indicates the levels in MIL-STD 810 C for | HR test and the lower
curve, the actual environment based upon a 20,000 hour life as specified In test factor
from Reference 4, Shock and Vibration Handbook, p. 24-24.

The plot of the STOL responses, Figure 239, compared to the MIL-STD 810 C levels show
the lower frequencies of the large STOL airplane to be of some concern since this energy
can be transmitted into primary structure at these frequencies. The levels shown for the
small STOL in Figure 240 will have considerable attenuation as we move from the
stringer frame locations down to heavier frame support structure where equipment would
be located, but MIL-STD 810 C still would appear to be somewhat Inadequate for the
smaller STOL aircraft in the frequency range from 125 to 300 Hertz.
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Figure 3. Coordinates for Nodes in YC-i4 USB Flap Simulation
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‘Figure 5. USB Flap Mode Frequency Spectrum
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v C M,
|
%
"
| DIAGONAL CPSD MATRIX
i 1 2 3
it FREQUENCY 1421 1417 1428
il (HZ) (10-3) (10-3) (10-3)
A a2/rap  a2shz | 6P/rap  ai/mz | GP/map  oP/nz
| 26 084 | .28 Jd45| .91 .088|  .085
- 27 089 | .37 194 | 1,22 130| .82
g , 28 .081| .51 .267 | 1.68 208| 1.29
i 29 A1 .7 .380 | 2.39 .363| 2.28
B 30 170 | 1.0 588 | 3.69 .821| 5.16
5 31 322 | 2.02 | 1.247| 7.84 | 3.410| 21.43
3 32 .636| 4.00 | 2.604| 16.36 8.171| 51,34
i 3 .660| 4.15 | 2.234| 14.04 | 2.172| 13.65
e 34 1.177 | 7.40 3.836 | 24.10 1.966| 12.35
- 3 2.821| 17.72 | 9.104| 57.20 | 3.725| 23.40
1 36 11.265 | 70.78 | 36.255 | 227.80 | 13.920| 87.45
i 37 29.75 | 186.92 | 95.70 | 601.30 | 37.15 | 233.42
3 38 6.53 | 41.03 | 21.06 |132.32 | 8.98 | S56.42
a -' 39 5.27 | 20.55 | 10.61 | 66.66 | .74 | 36.07
9 g 40 .51 | 34.62 | 18.11 |113.79 | 12,68 | 79.67
3 | 42 2.74 | 17.22 | 9.02 | 56.67 | 5.82 | 36.57
. 43 1.34 | 9.42 | 4.41 | 27.71 | 2.56 | 16.08
, a5 648 4,07 | 213 | 13.38 | 1.07 | 6.72
. - 50 .307| 1.93 | 1.009| 6,34 417| 2,62
4 60 192( 1,21 .620| 3.90 .236| 1.48
] 70 433 272 | 1260 7.92 .323| 2,03
75 1.960| 12.32 | 5.38 | 33.80 .898| 5.6
76 3.217| 20.21 | 8.783| 55.19 | 1.356| .52
7 5.97-| 37.51 | 16.21 |101.85 | 2.345| 14.23
! 78 13,048 | 81.98 | 35.230 | 221.36 | 4.867| 30.58
- . 79 30.497 | 191.62 | 82.315 [ 617,20 | 11.002| 69.13
b 80 33.669 | 211,65 | 90.780 | 570. 11.978| 75.26 ]
d 81 16.47 |103.48 | 44.44 | 279. 5.88 | 36.95 :

Figure 17, YC-14 Flap Acthcrometer Response Predictions, G=.03
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AR T T

DIAGONAL CPSD MATRIX
1 2 3

FREQUENCY 1421 1417 1428

(HZ) (1073 (10°3) (1073
al/mAp Gz | 6i/map  e®mz | e¥/map iz
85 2,455 | 15,43 6.686 | 42, .994| 6.25
90 939 | 5.9 2.610| 16.4 46| .17
100 454 | 2.8 1.310| 8.23 281 1.7
110 329 2.07 .984| 6.18 | 19.35 |121.58
120 350 | 2.20 1.676 [ 10.53 143 0.9
122 500 3.1 3.42 | 21.49 141 0.89
123 591 | 3.7 3.98 | 25.01 144 0.90
124 .604 | 3.80 3.48 | 21.87 .149] 0.94
125 622 3.9 3.101| 19.48 60| 1.01
126 697 | 4.38 3.223| 20.25 1821 1.4
127 823 | 5.17 3.774 | 23.7 ,220| 1.38
128 .859 | 5.40 4.020| 25.26 246 1.55
129 660 | 4.15 3.080 | 19.35 210 1.32
130 459 | 2.88 2.034| 12.78 .159| 1.00
135 270 1,70 .833| 5.23 .085 .53
140 279 1.75 .718 4.51 .076 .48
150 424 | 2.66 .805( 5,06 .068 43
160 1,387 8.7 1.974| 12.40 .068 .43
165 4,967 | 31.21 6.554| 41,18 .087 .55
167 10.53 | 66.16 | 13.73 | 86.27 122 7
168 15.52 | 97,52 | 20.206| 126.96 .154 .97
170 20.05 |125.98 | 26.18 | 165. .88 1.18
171 15.50 | 97.39 | 20.32 | 128, 61| 1.01
175 3.995 | 25.10 5.401| 34, ,087 .55
185 0.758 | 4.76 1.148| 7.2 .066 A1
19% 0.358 | 2.25 .598| 3.8 .065 Al

Figure 17, YC-14 Flap Accclerometer Response Predictions, G=.03 (Concluded)




FLIGHT

ACCEL STRUCTURAL DAMPING
) TEST
NO. .03 .06 .09 .12 .15 YC-14
1 1.67 | 1.180 | .968 .845 .763 0.716
7 2.55 | 1.821 | 1.511 | 1.334 | 1.217 1.20
8 1.18 | 0.8547 | 0.717 ,639 .588 0.404

Figure 18, RMS Acceleration Values for YC-14 USB Flap for
Frequency Range 20 - 200 Hz
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L

DIAGONAL CPSD USB FLAP
RESPONSE CALCULATIONS 78 oL R
141
(HZ) bl 1421 1428 TOTAL DAMPING
(x10°%) | («1073) | (x107d)
FREQUENCY 2 2 2 VALUE USED
G"/HZ G"/HZ G"/HZ
26 .036 .0139 .0259
32 .31 ,155 ,349
43.4 9.56 4.03 9.19
50.0 8.30 .514 1.44
63.8 92.08 34,034 92.55 6. 06
88.0 2.98 1.08 3.025 y
107.5 75.912 | 22.304 73.89
124 5.7936 | 2.0127 3.8501
128 7.0678 | 1.5011 3.7327
195 .74264 37913 | 1.0940
26 .035 ,0137 .0254
43.7 3.6667 1.5378 3.4905
50.3 1.2609 .49857 | 1.364 G=.10
50,3 33.663 12,451 33.567
89.0 2.9726 1.0658 3.0150
108.5 28.254 8.4583 | 26.635
17428 .3781 1.0887
26 .034074 | .013313 024537
44.1 1.8287 .76069 1.7040
51 1.1757 .47078 1.1990
64.5 15.403 5.7060 15.140 G=.15
88.0 2.8845 | 1.0515 2.8217
109.0 13.945 a.2501 12.743
195.0 0.74311 | 0.37615 2.0787
Figure 46. YC-14 USB Flap Response Predictions
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Damping
G = 0.15

.01

Cal. ©

Exp.

Accelerometer Ne. 1417

LA L KR LR

I XYYy

}o-...ll

*......l

sevove

XXX X NI

s -

sanssed

swoseed

r.-oc.od

sssaov 4

cansmee

[ XXX LR

reeeeed

L ceouoed

pooensond

sevswvas

IEE R R

seeos

esovece

- 10 D3

=70

m.
Accelerometer 1217

FREQUENCY - HZ

20.0
USB Flap Model II Response Prediction Comparison with Flight Data

Figure 48

2.00



- '&'.“’;La.';%“;k -

ol
F 3 g —_
Pacem "
"‘:58 @ gmm
2.7 .. BES
: . ¢ y L]
; Z m w o #g
e na v
. 8
te | DI | o f?‘
- .
g ‘
F: Sg treee qe L
3 o ...r c
ad ssssmw tesese te om sevessnhosesseduecians o
& -
« —,g seeven svsssosbrsosens dqueancucsoshecvencdiocssns ]
W o g
3 5
0 c . . - g
— k d "B s abohbrasans qirdoes st LRI BN O A IR A Ay ) u
: 3 °
(=4
4 5 Eé-_-’.
] é - —— . --1 s -t 8 a .a
A = ~ e 3
. ’ = &
: E LR X e sosdhugs 4o s . + eeeds sties b P; 2
, a seoase sosMswssboencnasdas wrosposasessdennnes N b §
. = £ E’
ve o = sewecna] s . . - s vudeon 1 Q.
1 > e §
I"‘ essesvdoescescoase » Y XN des e v sedas . % E <
= a
o | & -
. &
- . .
b e o
3 < A
: N @
‘ =
i ]
b . opna
5 sesusendecenves ss esodee sevalrresswdicscrrceh u.
;". asewe ¢ v 1iee o0 40000 P . 3 sqdr s s
-
i sssses feovstenhensncae Ol.’..ll.ll...ll..l.-.btb.l.“".....
.. {
-
l ® ~t 1 8.
\ @ ~
. ® © ® o o ® o ® ©
¥ + -t N m - wn < o &
3 ! ] ] ' ] 1 [} U
, [y
g 8 e gz B ZH/5D 0S4V
- < ' )
102

e
Phoan damamtl gor reF o ah ey




¢
Structural
Damping
6&=_15

EXpe o
1 Cal.

200¢

¢t sr0denceassn esssnagn *scsesdovesens cssosedescnnvolh

Ssaerrvderegune veeoginscncodansane MR AR AR EE T TR S

Comparison

sesvesdus P * sesagdrnonsee Sosene fornarias, Sressvdusesnas

LEL I A LA AR LA KN ITY W Iy ¢ sssawp ., ultoqdo-u..cp

Accelerometer No. 1428

*veere L SUCEE IS N veosss PP *v 0L

LA BN ) - L T 3 LI I I Y ' S wm oa .Il.l’.ﬂ‘-.‘...

Aceelerometer 1428

“qg s 4 s nafis oy Ll R BT I ] N Y TR )

LI Y y LA B AU RR YIRS tvems o dascsecs o

FREQUENCY - HZ

Figure 50. UsB Flap Model II Respunse

ETLIMR = Ty ey g
]
)
.

26.0

FARRENNENRY 3

LA AR LRI, Sy AR X EEEETT Y T

se 0w

Sevsres ducavee re e e tooee e feruy ' LN

"eseverdecce .a . . . . . ®re aadls s

=

.
.
-
v
e

®Sssas, - temoas ‘s rae. *s e e s tmen e AR RN LR NNE N

2.00

- 10 DB

-19
001 -29
-0001 =39 -
-40 -
~50
-62
-79
-8¢

1
.01

(ZH/,9) asdy )
103




— — ot e s e e e i = e o O,

Tlo']‘l\l’mll‘.Jl’I\..\ o e g

[3poW Judma|3 I3tuly abe(asny JO uOIILI0] °Tg Junbyg

AN et ===

_ ﬁ- 1“ ==
SN
gy WL [f] \\.\ A

) f e

NOIL1YJ07T T3a0W
INIWITI 3IL1INIS

s g e e ¥ T e e o5 3 5 A AT TR TR e T R e o T S e g SR
_ e e < s gn Tew ZET e Lt e g Smente TN s T LD Sl e e Tal om0 FIem DI o wcas gar LTI o GG e e T G S Ly 3 1T S e AT R R | R e T S 2 S e T e e o T S et =5
R e T~ i P i L TS - I B S RS S TS = LEC T i = S




. FRAME LOCATIONS

P A o~

Figure 52, Low Frequency Fuselage Model I
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Figure 54. High Frequency Fuselage Model III
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? PRINT OF FREQUENCIES
CIRCULAR
MODE FREQUENCY
NUMBER (RAD/SEC)
1 R.1962E401
2 1.56R4E¢02
3 2,4%61€402
\ 3.2K68F402
s 3.8055E4+02
6 1. R5P8F+02
” 7 4.3579E+02
» 4.B097E+02
h ) 5.2873F4+02
| 10 5.61776+07
§ 11 5.66P1F40?
; 12 5.8724F402
: 13 6430425402
g 14 6.2430F402
; 15 6.6275F402
%, 16 5 TSESF 402
g 17 640793407
Wi 1 6.9020F+0?
i 19 7.1097F 402
i 20 7.23C8E+02
5
L.
.
1 Figure 68,

FREQUENCY
(CYCLE/SEC)

1.3045E40])
2.4947F+01
21,9962+
5.1993E+401
AJRSEAF 0]
6e1414E+01
Te2%41F 401
Tst56RE+Q]
B.4151F¢01
R, 9%2"F+0?
9.C211F+01
9.3462F40)
1.0033F402
1409G4F+02
1.C%40E+0?
1.0752F+02
1.0949FE402
1.09A5F+0?
141215F402

1.15667F402

121

PERIOD
(SEC)

7.6660E~-02
4.0061€-0?
2.%600F-02
1.9232€~-02
1.6511F-02
1.6203F=02
1.3705€-02
1.3064E-02
1.1883E=-n?
1,119%€-0?
1.1005F=0?
1.0700E=~02
9. 9667E-03
9,904%F=03
9.4277E=-01
9,2009E-01
9,1328F-03
9,10?5F-0)
A, P3I75F-012

9.5710E-03

TOLERANCE
1.7320F=14

§.73287-15
3.%657¢-19%
1:3090F-14
14 20A2E=14
1,2500E=14
B.96462F-1%
o0
3.17R2FE=12
345477514
1.09273E-09
1.09R®F =09
2.4357F=10
5.056¢£E=~10
1. 0992€-0"
5.163RE=N9
2,4TT6F=N%
2. 06AH5E=0"
e 4Q®CF=-0%

2o 6T44C=-NE

Natural Modes of Low Frequency YC-14 Fuselage M:del I
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Figure 70.
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e

FREQUENCY |  M16 T M13 x':z(_)s
(CPS) x10”4 x10” x10”% (1400)
PSIS/Hz DB M13 MULTI
25 4.0 7.0 3.0 -8 7 4.29
32 3.0 4.0 6.0 -11 13.5 4.44
41 2.8 12.0 7.0 -11 5.19
50 2.5 23.0 7.0 -11 5.19
66 1.7 10.0 5.5 ~-14 27 2.04
84 1.1 3.0 4.0 -14 1.48
100 0.7 2.2 3.0 -14 1.11
133 0.45 1.8 1.8 -13 21 0.86
167 0.25 1.4 1.0 -13 0.48
200 0.19 1.0 0.9 -12 14,5 0.62
Figure 77, Microphone Data for Medium STOL
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PRINT OF FREQUENCIES

MODE EREGUENCY | FREquency |  PeRIoD

NUMBER (RAD/SEC) | {CYCLES/SEC) (SEC)
1 375626402 | 5.9816E40) | 1.,6714E-02
2 9,1463E402 | 1.4557€402 | 6.8697£-02
3 141621€403 | 1, 8973F402 | 5,2705E-03
& 1.4743E403 | 2.340645402 | 4.,20129E-03
5 1.7848E+03 [ 2.8406E402 | 3,5204E-03
& 2.1097€403 [ 3.3577€+02 | 2.9782E-03
7 2.1473E¢03 | 3.41756402 |2.9261E~03
] 2.224¢E403 | 3,5405E402 | 2.8245E-03
Figure 8l1. USB Flap Model Il Frequency Spectrum
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s S R S A T

CIRCULAR
¢ MODE FREQUENCY
: NUMBER (RAD/SEC)
% 1 1.6934E403
%‘ 2 2.4 B4E 408
i 3 2,3585DE+03
4 2,4407E+03
5 2.7456E+03
] 6 3.064QE+02
i 7 3,2850E403
] 8 3.4715E+403
9 3.68585+03
1t 4 66236403
i 11 4,70Z1E+03
% 12 5,0263E403
f' 13 5.2176£403
] 24 £.27775403
: 15 5.3253t403
f- 16 5.4527E403
?“ 17 5.7079E+03
s 18 6.05476403
? 19 641749E403
: 20 6,201 0E+03
Figure 91.

FREQUENCY
(CYCLES/SEC)

2.665)e+02
3.2001E402
3.7641E+02
3.6844E+02
4.3697E+D2
4.8777TE+0C
5,2263E40¢
5.5250E+402
0e34N4E+L2
T.42l 2E¢02
7+4€36E402
7+9990E+D2
Ee304vitD2
E.3998E+02
Be&4T54E+02
B.67062E+02
9.0b4kE+D2
9.63¢C4E4D¢
9.82775+02

9.8705E+02

PERIOD
(SEC)

3.7108t-0U3
3¢ 674E-02
2.656T7E-03
243744E-03
2.2625€-03
2.5501E-03
1.61272-03
1.810CE-03
1e57728-03
1,3¢77E-03
1,33L3¢E~-03
1.2501E-03
le2(i42E~C3
1419%5E-023
141794%E~C3
1.,1523t-03
341CUBE=LD
1,0277e-03
1.0175E-C23
1.0131¢-03

TOLERANCE

1,55908-14

.0

0
1.0006E-14
1.58)14E~14
1.28026-34
5.5234E-15
4 9460E-15
3,7557¢~15
3.1955E-11
5.0682E~13
2.42978-24
1.96772-05
1.9436E-1Q
1.18125-07
64B124E=25
1,07076-3
1.3L32E-05
4.2677E-05

1445988-023

High Frequency Model III Frequency Spectrum
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160

JET MIXING NOISE
150 L TRAILING EDGE NOISE WITH NO VG'S

NEAR NOZZLE

JET MIXING NOISE NOISE

WITH VG’S DEPLOYED
140

TOTAL NOISE
ESTIMATE

130 -

SPL
{DECIBELS)

L - LT
120 o ..< ".-' ~ N .
/ Sa \ Lot \\
o i “
SO ’,." N
SEPARATION NOISE N .-~ TURBULENT
100 |~ RN BOUNDARY
’ LAYER NOISE
0 1 L H i i L 1 1 1 1 L
0 31 63 125 280 500 K 2K 4K 8K 16K 32K 64K

FREQUENCY (HERTZ)

Figure 99. General Arrangement of Component Noise Source Estimates Making
Up Total Noise Estimates (For Typical Climbout Condition)

8 APPLIES TO ANY USB/STOL AIRPLANE CONFIGURATION WITH
® NOZZLE FLUSH TO WING SURFACE
® LOW-SPEED OPERATION FROM TAKEOFF THROUGH CRUISE (VA/V) <1)
® NOZZLE ASPECT RATIOUPTO~8
® BYPASS RATIO FROM~2TO ~ 6
® ACCOUNTS FOR
® ENGINE MIXED JET VELOCITY (V)
® ENGINE MIXED JET DENSITY (g
® A|RPLANE FORWARD SPEED (V)
¢ SIZE AND POSITION OF NOZZLE WITH RESPECT TO FUSELAGE
® NOZZLE CONFIGURATICN
® USB FLAP ANGLE
» WING/FLAP CONFIGURATION
® VORTEX GENERATORS (IF PRESENT)
¢ NOZZLE SIDE DOOR (IF OPEN)
* FLOW TURNING CAPABILITY OF NOZZLE/FLAP SYSTEM

Figure 100. Scope of USB/STOL Aircraft Noise Estimation Procedure
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LABELED IN ILLUSTRATION BELOW

150 - | i [
' use ,rx U§
&£ vas ! I’ :\ /7 ‘:\
~ e 8% DOWN I//NM Ir
: 2 1“.[- e e 20°  DOWN 2 " r/
[
a8
e
* 3
. g 10
120

SIDE VIEW STA 878
REAR VIEW
NOTE: FOR ALL INDICATED CONDITIONS A=A
Ny = 2080 r/min Va =210 h/s
VMlX = 830 fi/s ALT = 11000 ft

Figure 104. Effect of USB Flap Position on Exterior Fuselage
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Figure 114, Results for M33 at Condition 3160

e 165




-t L)
(- )
o
o
oy
——

aX

Ll

g RE

SPL

173

e e TR TP

160

150

140

130

120

110

PREDICTION

PROCEDURE DEMONSTRATION

100

i ¥ ¥ £ 3 I ¥ % 73
o of T o ol T o of -l e o ol bu of T
1 + + T ¥ B T I + T
¥ ¥ ¥ ¥ ¥ ¥ ¥ T T .
- -+ -.1}- e - e - -t = g
T JE ¥ ¥ ¥ T :E u 3 +
F ol ol F I s o X e o T :r
T ¥ ¥ ¥ ¥ FF ¥ ¥ T £
3 + 3- n o o ot o X 4 ~+ +
- - L o o - - - - -+ -
T -1 + + - -t n T T
s - ~ -+ -+ -1 -+
5? S WA ¥ x F F :E 5E F
E 3 3 3 3
I T I I
= . T
-1: -4 -JE
T + +
L. RN - - -1
¥ T + + 1
hn ol I T T fa ol
T T T T I
T T I T T
T T T T T
I + T+ + ¥
+ ¥ + ¥
¥ E || RS I-.L LLdl ‘.x 11111
2 3 456 8 10 2 3 456 ¢ 100 3 56 o Lo*
rn:ou:ucv [HZ )
PLOT  X-DUCER COND. ALT. SPCED NI YMIX  USBFA OVERALL
SYMBOL NO . MO, _LFY1. LEPS) [RPM! LfPS| JOEG! _I1DRI
[ M7 3160 785D 204 2453 874 80 144
Y M3? 3160 ~ 147
o] M37 3160 12
) M37 31860 146
0] M37 3160 90
A MI? 3160 1e
X Y7 1160 146
NOIES
[] AFT USB FLAP BL28S TLAPS 45 USB &0
\i PRCDICTCD TOTAL NOISC.CREATED 79/03/16.
0] PREDICTED 1BL KDISE 79703/16. .
) PRECICIED SCP NOISE 79703716,
0 PREDICILD CDGE NOISE 79/03/16.
A PREDICTILD NN NOISE 79/03/16.
X PREDICTED MIXING KOISC 78/03/16.

Figure 115. Results for M37 at Condition 3160

166

P

ey

A
S

i et "t h

S L IRENE TN

-

i Ll b B T

e e P e P e ot e . s .




1
PREDICTION PROCEDURE DEMONSTRATION i
160— . T T . T T T I :
o« + 3 + F F s e 3 a :
<o + ¥ ¥ * I % T F F £ L
(.. ) —— e —— —— —rr— —— b boe o~ ——
1o I ¥ ¥ ¥ % % T ¥ F % '
:: 150 -3 S :: — - -+ - -, -+ -t q;— *
ay + o ¥ ¥ + 3 * ¥ ¥ * A
-4 g o e —_— e -3~ . -4
o *F ¥ ¥ F F F F F F =
oo I .E " I + -E .E F I +
~ ¥ ¥ T + ¥ = 3 T - T
(W) 140 e 2 - - Y - e - -
o I = F LYW . T ¥ I Z
= | ¥ % T I T T I I
° F ¥ F T F :
- I:DOF 1 1= " oy g iy = = I K
-4t - =N ™ T -t -t -+ -+ R
b £ X £ x + - n X
] e s o [ A I
s | 3 f F ¥ g: S
: 120 g"‘ . o - - ,L JE- I
: F r o-B-F ¥ N
w F . T x =3 im é;
- 3 T + T - ) s f
2 ¥ 17 ¥ ¥ ¥ + - 3
L N ) g = e = - |
i b 3: ¥ I I T o o ’
[ q:‘_ '1_ :% :E‘ :E_ :’E N
v - T ] 7 ] = .
T E O3 ; 3 |
, S E L FooaminF g FL g FLIIFe,F 1 F 1 ;
i 2 2 456 e10? 2 32 456 8109 2 2 456 0 10f !
5 FREOUENCY [ HZ I i
3 :
£ ;
I !
PLOT  X-DUCER COND. ALT. SPEED NI YMIX  USBFA OVERALL L
; SYMBOL _ WO KO  IFVl IFPSI IRPM] LFPS| [DEGI :
3 N M38 3160 7650 204 2463 674 60 146 ;
Y MI3 3160 140 :
f o] MIB 3160 130
o MI3 3160 12! |
. 0 MI® 3160 100 L
b A M38 3160 134 g
- X M8 3160 149 ]
; ]
b * MAIN USB FLAP BL248 FLAPS 45 USB 60 's
Y PREDICTED TOTAL NOISE.CRLATED 79703718,
& 0] PREDICTCO TBL NOISC 79/03/16. 4
: 8 PRCOICTICO SEP KOISC 79/03/)8. ‘
.. PREDICIED EOGE NOISE 79703/16.
: A PREDICTIED NN NOISE 79703716, ¥
X PREDICIED MIXING NOISE 79/03/16. 1
gjf Figure 116. Results for M38 at Condition 3160 ;
. 167
i

T T R L




-
-]
a—— —
—
TN SUTCUUVEY FUTTU FUU S SUCTE UVC NI EV PN S EUCRE SN NN ENERN RN NI -
I AR LR AN AAARA AR AR AR R RLARE A AR RA AR R AR R TRy
-
-—d
-1 e - i
NMN -] » = Yeacxaunse H
3idaleanataaa il e laanaly CITNETURT R R p wrozZess o T
SRR S AERASAA NS LELAR LA RS RI Wm\-q 12 8 EE AN LA F=4 pr- E
;
a -—d < “
vv [P o =
Boed® 00T e e e 4 s . 3
ITSUS IUSUU FUCNUNUCEN NERT B /8 I NEINI FESTREEN S ~ [ 5‘“““ (=] s
- o o ot o o ;
IRRNARRAN RAARAARALAR LA RLLS 1R RARRN LRRAE LA ] ETIJITITTT w :
ameAmOe ™ E
X we88982 :
t 4 =~ =
- —alw “«<ooacoan
i o b - P A, -
= TN U CRUERSUEREEEE NI ESIVSEURSNERNENREE Bl = bvey - B
o 2SR RRRAELARAE AR RN SREREARARELE Bt :
—
— - - = Q
- w = 3
o - esalw (= ]
— . o, = ocjew o ;
w sassdaisacetaisaleas FESEN NBBEE | L n = m - &
= LIS RRA A R4 0E LRAS L EE RN ERALE - — o
Q o -
> -
P h (%3 (ot - - (=)
= £ £82 =g 2
o -
b Bt n - - - [ ]
) tpttbazeate-aly o - o L O
Pt IZEREERESNRERAS D - w [ o e .
> L —lo O VD s X <
o et 5 *Ss2Ze 3
- ] B —
(=} -]~ —-EE @X —
b= cqtabrasslesents SETEEISNIRENE] aZ_a3*=s 32
= ISR RS SREERELREE I L 2R AN EARES RALA ~ . O DO - 4]
- W -2 -X-X-X-X-} —_—r— N EI o
Zzalwwwo oo -
< -— o - e e - o= - - y-N-F-X-N-]
o — @ o Moo Bt et bd At et et N
— gy e e e g
f )
Lond [CEREERUTHESENIRNNTN 5] 11t daasfigaelenys 13 XS R R-REE N >
[} AR REAR R LALES RARAE L RN RRRRARRRANARALE: o [- e e ous wmo o= @2 —
— por} F - - -X-X-)
[=] -t " w OO OD - had St bl et Gt et @
- Solmmamameom - o 08 O O O X -~
[ - - OXIXEXXIIIXIX Taasasoaaa et
]
-9 o
titil:ot11alataadiagrisnselng i v .
LA RS REALS N---- --qd‘d‘ ~ . o
— -
o
-1~ =25 { J _goaiodol bl Pt J goeiogo L eb 4
geastanardar i e aarbacaatlonaa e ol aoaedososlaassleonnnldanas
-]-,-NAI-’- Id.-U-- In--wdwanwﬂ dqﬂd-d.- --.-J-]-\J -u-—--
[~ [~ 4 Qo L= o (-] o
o° [} v - ~N - o
- - - - - - -

oL o I s L R O o e A o T




i

sPL 200 PI
SEEL o8 me 30 R

CCTAYE BAND

173

160

PREDICTYION PROCEDURE DEMONSTRATICN

- - -y : o - o o - -
- - -l e S L - - g pu
L o - -t - = =3 g e = -t -
qt = o - e - - e oy - -
-bas —— o e aadd —— —— L o L L
.:t- - [ . =+ -~ - - -t -t -
= e 3 L o L o = -l g - - jp-
X o o 5 b o ¥ u g I u = o
R pu e - s . - u pe 9 wde
lsc B at - g L= N -, e o - e e 2
- - e o L o - -l e —hn - -
e . - - - - ade e - -~ -
- - - -l - -l - e = -
—— —llen e —— o —— e e o -
-l e L o - —— L o - -l - e
- L L 2 e -t -t L o - - -
e - - L2 i - - - -t -
L 3 —— —— L o - L o —— - - -
1403 . - . ¥ ¥ £ ¥
- R’"\ =N =5 - [ N
L o e - -l -l
L -t — e ™ =%
- . L o - - ™ ™
- - -t L o a- ——
b od —— o -
! = - - -
+ ¥ 3 3 3 I 3
120—F 1 T T F n
C = L o E = - P =
- d L ad - -l o
wlhn - L ad L ol - -
L = —— L —— - ——
L od L o3 L o b wad -g-
- —— —— e AN -
F ¥ F ¥ A, F
= -
20 n o n o - xr ey - -
v 4 - e - - -'e - -+
S = - = 5 - —— -~po : [ 9
-le L 2 —— [= - -1;- e o -l
[~ - L - - - =
- b - - L =N —— —— P
¥ - I + - = - - .
-y g " ™ 59 - - e N ™
+ T T T 2 % * T
110 L = 3 - - -, - —t -t -
e o4 e -t - -t
+ SlE: P, T $° £
= . UL H\B_E - +£ pa
: - -F -y L od
-‘L = et s —— L o e
o 3 T -F Eqa +
- -t
¥ 1 I O 1 F1 1 F1111F A ENE 3T

100

PLOT

4 5¢

X-DUCER

SYMBOL __ MO,
M4)

M4|
M4}
M4y
Md|
Mdi
M4

AFT USB FLAP BLI71

PREDIC

b 4
s 102 2 32 456 9 10 2
FREOUENCY (W2}

COND. ALV. SPEED NI VYMIX  USBFA
N0 1FLl [EPS] |RPM| JFPS]|
3160 7650 204 2463 674 60

TED VOTAL NOISC .CREATED 19/03/16,

PREOICIED TBL NOISC 79/03/16.

PRCOIC
PREDIC
PREDIC
PREDIC

160 SCP KOISE 79703716,
TED £0GE NOISE 28/03/186,
T€0 NN NOISE 79/03/18,
TED MIXING KOISE 79/03/16.

Figure 118. Results for M4l at Condition 3160
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Figure 131. Rasults for M20 at Condition 7136
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QSRA USB FLAP

! - 1/8 Hom 1" . ! '.
? \ 7 SCALE 1" = g" E
!
‘i‘ \ ‘.
1 -22  STR. UPPER .07 x 2,70 x 17,2 AL 301 1/2 HARD X

3 <26  STR. UPPER .07l x 5,20 x 5,80 AL 301 1/2 HARD

it =27  STR. LOWER 071 x 3,70 x 17,2 AL 2024 -0

.ﬁj .28 STGR LONER  .071 x 2.70 x 18,0 AL 2024 -0

gi .31  STGR LONER  .071 x 5.20 x 18,0 AL 2024 -0 i
ff -4 SKIN LWR .071 x 52,0 x 76,0 AL 2024 w T3 SHEET &
i; \ -3 SKIN UPPER AFT,071 x 12,0 x 76,0 AL 301 1/2 HARD

Ef -2 SKIN UPPER CTR,071 x 32,5 x 76,0 AL 301 1/2 HARD

Z; .32 SPAR FRONT  .071 x 11,3 x 76,0 AL 301 1/2 HARD

' -33  SPAR REAR .071 x 8.60 x 76.0 AL 301 1/2 HARD

Figure 141. QSRA USB Flap Schematic
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COORDINATES 42> FORWARD
ﬁx
o w9 o <
7 7 v o 7
1 2 3 4, 5 425
16 15 14 13
R
12 11 10 9 |
g L 3 14 !15 16 171 18 19
ORIGIN
8 7 6 5
!
20 2 22 23 24] 425 26 .16.0
: ﬁk} e
) [ 3 2 1
p o ig7 28 29 30 31 .25.0
3
: © ATTACHMENT POINT (PINNED)
l
NooE [ 1 | 2| 3| 4| s]e] 7] 8 9]1] 1n]i12]13]14
X [+25 |- +25 }16.( —~p16.0 0|0
X Y t37.¢-18.4 o ﬁua.o 37.0-37.0r21,5-18.0] 0 | 18 |21.5(37.0 +37.0Lz1,5
":
, NODE |15 | 16 |17 |18 {19 | 20| 21| 22 | 23 | 24| 25| 26| 27| 28] 29
i
2 X oo |[0}]o0o] 0 [-16 ~|-16 }25.4
i
Y Msg 0 118.4-21.5-37.037.0k21.5018.9 0 18.G-21.5137.43n0paq 0

Figure 144,
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QSRA USB Flap Firnite Elements
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] LE
(LUM-22, 27)
2 2 z 2 FSCAR
(-32) -26 -31
3 |3 3 31 3 STRINGER
(LUNP 3)
("26. "31)
(2) (2)
4 Ja 4 4l 8 R SPAR
(-33)
~25 =26
GEOM | DESCRIPTION | MAT'L | Ay [Agy (A, | 1 1, I,
1 LE A AL |1.5194 |0.3834 |1.1360(0.0026 | 3.0726 10.9755
2 s [ 0.8023{ 0.4615| 0.3408|0.0888 |10.0992 0.6682
3 STRINGER 1.4768(0.5680 | 0.9088 | 1.2423/0.2022| 0.0811
4 RS ] 0.6106 |0.2698 |0.3408 |.001027| 1.5717| 1.0428
5 T D 1.51940.3834 1.1360 | 0.0028|2.9358{ 7.9337

Figure 145.

QSRA USB Flap Element Properties
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QSRA USB Flap Model Plate Elements
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CIRCULAR
FREQUENCY
(RAD/SEC)

9,4527E+02
1,2551E+03
1,804%E+03
1,6937E+0D
$,9251E+03
2,300 E¢D3
2,3715LE¢03
2,00802F¢03
24815RE*D3
3,4389E¢0)
3,0801E¢403
8,1019E903
4,5525E403
4 ,9Q8AE+Q)
5,022DE403
Se1144E+03
S5,2241E+03
6,0220E+03
6,596ME+03
5o S86HEY03

FREQUENCY
(CYCLES/SEC)

1250A4ED2
1,998SE¢02
2,2360E%02
2,6987E+02
3,0038£¢02
3,6703E#02
3,7809¢+02
3.9474E¢02
4,48086402
5,4732E¢02
b 7SUEYD2
6,5923E+02
T 2HU56E+02
7.0119E+02
To9927E¢02
8,1398E6402
8,31G4E+02
9,5843E402
1,04Z0E+03
1,0483E403%
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PERIOD
(SEC)

000663
«00800
« 00447
000374
«00336
200272
« 00264
e00253
000223
000883
000162
2001582
»00138
»00124
000125
000123
200120
000104
000096
«0009S

Print of Frequencies for Small Airplane QSRA Flap Model
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Figure 158. QSRA Flap Structural Response Prediction Locations
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SCALE 1" = 20"

SKIN, UPPER

SKIN, LOWER
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STRINGER, UPPER (Z)
STRINGER, NOSE (L)
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SPAR, FRONT

SPAR, REAR

Figure 164, Large STOL USB Flap Schematic
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Figure 166. Large STOL USB Flap Finite Element Model Node Peints
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-4 SKIN, LOWER

~22 STRINGER, UPPER (Z)
K] STRINGER, NOSE (L)
-26 STRINGER, UPPER (HAT)
-27 STRINGER, LOWER (Z)
-31 STRINGER, LOWER (HAT)
-32 SPAR, FRONT

-33 SPAR, REAR

SCALE 1" = 20"

<250 x 140 x 190
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.375 x 14,0 x 190
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Figure 169, Structural Components of Large Airplane USB Flap
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Figure 170.

CIRCULAR .
FREQUENCY

(RAD/SEC)
4,0274E¢02

S.6229E402
6, 2980F02
7.2411E¢02
8,4670E+02
1,0622E403
{e2013E+03
1,224T7L+03
] «2739E+03
1.0137E+03
1.55927E+03
1e8R277E+03
1,9557€+03
240558E+03
2e3194E+0S
2+5535E+03
26550403
2,T125E+03
2.9539E+03
342129€¢03

FREQUENCY

(CYCLES/SEC)
6.4097E+0)

8,9491E+4D1
1,0024E¢02
1,1525€+02
1.3476E+02
16905E002
1.9120E+02
1.9492E+C2
2.0274E+02
2.2499E+D2
2,4712E+C2
2:9088E+0R
3.1125E402
3.3197E+02
3.6915E402
4,1117E+02
4,2262E+02
4,3170E+02
4,7013E+C2
5,1134E+02

Print of Frequencies for Large Airplane
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PERIOD

(SEC)
01560
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00998
«008KA
00742
« 00592
00523
00513
«00493
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00405
ULATE
00321
201030}
+0027%
00Ra3%
0237
00232
#0213
+N0196

USB Flap Model,
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' Figure 196. Skin Stringers for QSRA Fuselage Model
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Figure 197. Skin Stringer for QSRA Fuselage Model ‘
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F CIRCULAR
MODE FREQUENCY FREQUENCY PERIOD
NUMBER (RAD/SEC)  (CYCLES/SEC) (SEC) TOLERANCE
1 1,0379E+403 1,6518E+02 <00505 6,9168E-15
2 1,7352E+03 2,T016E+02 00362 9,A9BLE=15
3 1,7TYC g +LlS 2 ,HUBRESDZ « 10357 a,65DLE~)S
j. a 2.1003E 403  3,3u3KE+02 Nn299 0,
! 5 2.181BE%U3  3,4724E+02 «DO2RB 3 ATA3E-14
$ 3 2.1925E%03 3. GAGUE+OE L0287 1.8599E=~14
§. 1 2.2558E403  3,5902E+402 .00279 1,7S70E=~14
- & 2,5219E+0G3  4,0137E+402 60249 9,3718E~15
‘f J 2,ARBIE40S  4,1B2TE4(2 .ND239  1,2945F~1Z
& 10 2.7109E¢U3 U 3145E+N2 N0232 V. HA9KF~14 :
[ 11 2.TTU5E¢0S B, N159E402 N02P6 1. 1614F=14
E‘ 1e R.AFU2EFGT  4.BDRPE4ND L0217 7,115BE=15
E; 13 3,4052E+68 S, 4RISE402 (D0LR2 1, S0hSE=14 '
% 14 a,2255040%  6,7251E402 N0149  5,1978E=10
P rn A.43UTE+NT 7 ,0SB1E4NZ L1142 S0 1S9BE=09 ;
%' 16 0.5107E+40%  7,1779E+02 L0N139 1, hDS54F=09 |
?} 17 4. 6202E403 T ,353PE4N2 .NOL36  1.P0h1F=07 ;
{ 18 4.6T12F+03  7,4039E+02 00134 2,P859E-06 |
i 19 4,6999E+G3  7,UNDIE+0R 00134 1,0639E=10
@ 20 4,7799F+03  7,6070E+02 .00131  R,0063F=07 1
3 UPFEF RONANS OF E1GLWVALUE CLUSTERS |
| L17679265150396E+407  .304NATU239329SE+0T  ,32360424190540E+07 ?
L64235878049331E407  .59758364376031E+07 7422494971 2UB9E+07 i
L160331964421TUE+DE  .19B6338)525223E+08  ,20543841357851E408 4

Figure 199. Print of Frequencies for QSRA Fuselage Model
250




et -

o i DT e At o d o T o e
o L Tomrn U TARTTTEETETTONE LT LRSI T R N

—r"

MODE 1
f = 165.1 HZ

Figure 200. QSRA Fuselage Modal Plot
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MODE 3
f = 284.88

Figure 202. QSRA Fuselage Modal Plot
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QSRA Fuselage Modal Plot
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. CIRCULAR
j MODE FREQUENCIES  FREQUENCY PERIOD
| NUMBER (RAD/SEC)  {CYCLES/SEC) (SEC) TOLERANCE
; 1 J,.65T2E402 5,8083E¢01 .01708 6,8554E=1"
? 2 b,6913E402 1,0649E402 oN0939 B, X20UENLS
f' 3 TJU7GZEH02  1,1904E+02 «N0340 6,659bE~15
: 4 9,09UTE+02 1,446BE+D2 0N69Y  9,0156%~15
5 9 4TUUESUR 1 ,4602E+02 «N04BS 2,2130Ew14
6 9,69B4E+02 1,5435E+02 00648 0,
’ 9,9956E402 1,5908E402 200629  7,U5T2E=1S
8 1 09TRE®DS  1,5826E¢0R 0594 h,6662E~1S
9 1, ITTSE$GS 1 ,B74)E+02 N0534  1,0707E=14
10 1,5061E+GY  2,397CE+0 SNOMLT  4,9590F=12
1 1.6290E+03  2,5935E+02 (00386 1,116BE10 ) 3
12 1,6850E403 2,618YTE¢02 L0342 2,1294E-11 Dy
13 1.6h4NESDS  2,0811E+02 00373 1,2010F=10 % g
14 1.7U94E+GS  2.TRUPE+02 .N0359  1,1B20E~09 E i
15 1. B0THE¥O3  2,8765E702 oNN3INB  0,1995Fai0 L)
: 16 1.9543E403  3,1106E+02 00331 1,6935E09 i é
} 17 2,0479L403  5,2587E¢0 00307  6,6344E~NT -
; 18 2,2130E403 3.SR21E+D2 0288 1,1237Fw07 é
?5 19 2,2046E405 3,6042E402 «AN2TT  3,5902ED6 ‘ %
ff 20 2,3190E+G3  3,6908E402 L00271  2.1697E06 | %
! UPPER BUUIDS UN EIGENVALUE CLUSTERS § j
/ JI3T310URLAEAITESDL  ,US220743032504E406  ,5609B8229346T720E+06 i ;

«§12084U22RA6TIE+OY +14004374755%22E+07 0229093817209 13E+0TY

g o52992792149974E40T  J3BSTHTII319N3AE40T ,d23405613A2A55E+07

Figure 215. Print of Frequencies for Large STOL Airplane Fuselage Model
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Figure 229. Body Measurement Locations
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Figure 230. USB Flap and Wing Measurement Locations




CASE 11, FOSs STS0 o2TOL FLARS=SM

ALT= &S00, FT USE =50. DEG FR-RO = .42
VA = 110, FT-5 DOOR= CLOSEDL THETRS= 5, LE
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e e it -
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AT HOZ E¥ 345, 212, &l. 115,
AT WMS TE 425, 201, =Y 133,
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AT TR EDG 450, 179, ar. 133

e
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i
O
04

FIELD' FOIMT IM Z0OME 2 AMD IS
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HZ  MIW MM TE SEF TEL LM
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406. 2. 114, [, 129, ge. 13401

S00. 131. 115, 39. 1@, aa. 1331

€30, 131. 11£, 8y, 1E8. 87. 132,&

E’(‘O- 131- 116‘- "4- 1:':..'7. E:‘l:’l 13&.4

100G, 130, 117, 21, 126, Be,  132.0

150, 130, 116, TR 185, &5, 131.3

: 1600. I-."- 115. ?E'l IES- E’E'- 13‘:’. -
2000, 122, 114, Fa. 124, o4, 129.4

' es00. 187, 113, i, 1Ea. S3. 18,32
\-‘1\.‘0! 1 |=;. l 12. E‘E:u 13&- E:c.c.'- 126- 9

4000, 122, 110, £S5, 1&81. al. 1e2%5.4

-00o. 181, 109, £3. 120, 21, 123,79

DRSFL 147.& 1&84.0 110,66 144,55 101.5 149,14 .
Figure 231. Computer Prediction of Noise for QSRA Type STOL Airplane.
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| FIELD BRAKE RELEASE USB FLAPS = 50"
| POINT INBOARD | OUTBOARD | 1INBOARD | OUTBOARD
801 158 dB 135 d8 149 dB 129 dB
" B02 142 134 141 128
B3 | 137 132 131 126
B04 147 133 133 126 :
BO5 145 132 148 125
B06 136 131 133 123 |
807 137 130 125 121 5
B08 153 130 128 121 k
B09 137 129 142 121 !
FO4 158 136 148 128
] FO5 158 139 149 132
FO6 158 152 150 146 ‘
No1 150 137 142 128
W02 152 132 143 124 ,‘:
Fo1 —_ — 150 127 )
§ FO2 — — 150 131
' FO3 — — 150 142
' :
f
Figure 233. Comparison of Field Point OASPL From Inboard f
' and Outboard Engines 1
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Fiqure 237. Mil-Std 810C Random Test Levels
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Figure 238. MIL-STD B10C Environmental Vibration Levels
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Figure 239, Comparison of Large STOL Response to Predicted MIL-STD 810C
‘ Environmental Vibratton Levels
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