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PREFACE

This report covers work sponsored by the Department of
Transportation, Office of the Assistant Secretary for Systems Develop-
ment and Technology, Office of Noise Abatement, TSC-50. The program
was technically monitored by the Transportation Systems Center of the
Department of Transportation located in Cambridge, Massachusetts.

The objective of the work was to develop a V/STOL aircraft

noise prediction program and to apply the developed program to computers
at the Transportation Systems Center.

xii



INTRODUCTION

The many studies conducted in recent years into the mechanisms of
noise generation by V/STOL aircraft propulsors such as propellers, fans, rotors,
and engines (eg. - References 1 to 19) have resulted in reasonably accurate
methods with which to predict both the spectrum shape and level of the compo-
nent noise. Actual aircraft, however, are made up of several noise producing
components; thus, to assess the acoustic impact of a given vehicle it becomes
necessary to combine the noise from several components to produce the vehicle
noise. With the advent of city-center V/STOL operations the vehicle's acous-
tic impact can exert considerable influence over all aspects of the system from
site location to aircraft design.

Existing methods for evaluating the acoustic impact of flight opera-
tions on nearby communities (eg.- Noise Exposure Forecast (NEF), Weighted Equi-
valent Perceived Noise Level (WECPNL), etc.) provide for current, operational
CTOL alrcraft but generally do not account for STOL or VTOL operations; hence,
their use is limited to evaluation of existing or planned airports where there
is little V/STOL traffic. As V/STOL operations increase at major airports and
as city-center operations become a reality, a method must be available whereby
the total impact of all vehicles can be evaluated. The objectives of the study
presented in this report are to develop a computer program to calculate the
noise generated by V/STOL vehicles flying prescribed flight paths and compute
the Effective Perceived Noise Level at a ground based observer for input to
existing NEF programs and to perform a limited correlation study with measured
data.

The vehicles considered in the program are those that are made up of
one or more of the following propulsion components: turboshaft engines, heli-
copter main and tail rotors, propellers, lift fans, cruise fans, fan engines,
and to a limited degree, lift jets. Augmented 1lift devices such as externally
or internally blown flaps are not yet included. The flight path followed by
the aircraft 1s composed of both straight line and helical segments so that the
path can be a realistic representation of the actual flight path. The methods
used to calculate the component noise levels are discussed in detail in the next
section. In following sections the structure and usage of the computer program
is outlined and illustrated using sample cases. Several comparisons of measured
and calculated V/STOL vehicle noise are presented to demonstrate the accuracy
of the program.
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COMPONENT PREDICTION METHODS

The components that are included in the prediction program are (as
mentioned above) main and tail rotors, propellers, fans, turboshaft engines,
and Jets. No augmented 1lift devices such as externally or internally blown
flaps or augmenter wing are included yet. Because of the modular program con-
cept used, the addition of other sources can be easily accomplished when accur-
ate prediction techniques are developed. By the same token existing component
prediction methods can be modified or replaced if newer, more accurate methods
become available.

None of the noise prediction methods in the program include the pos-
sible shielding effects of structure such as wings, fuselage, etc. Admittedly,
shielding can have an effect on the propagated noise, principally changing the
observed directivity, however, no comprehensive methods exist for accurately
predicting shielding effects. The program thus yields levels higher than those
which would be realized for components where shielding may be important (fans,
propellers, engines, and jets). Also, no account is made of possible phasing
effects due to source/source separation. Tt is felt that in the far-field
where propagation distances are long compared with separation distances the
source separation phase effect will be negligible.

The following sections describe the methods used to predict component
noise levels, how they are programmed and the nature of their relationship to
the total computer program.

Flight Path Definition

A11 of the component noise prediction methods to be described below
require knowledge of the aireraft's location with respect to an observer. Since
the calculation of Effective Perceived Noise Level requires an integration of
the vehicle's noise time history the noise for many aircraft locations along
the flight path will be required. A subroutine which calculates these loca-
tions of the aircraft #elative to the observer at successive points (or time
increments) along the flight path has been developed.

The flight path is assumed to be made up of a series of straight line
and helical trajectories (segments), an example of which is shown in Figure 1.
In this example segment K-1 is a straight line segment directed at an angle of
6 maxg.j Trom the X' axis and the aircraft is climbing at the angle @, .. Seg-
ment K is a helical segment with a turning radius of By and the aircraft turns
through 68p degrees (+ for left turn, - for right turn) before flying off on
segment K ixﬁ. The aircraft is climbing at an angle of ayg degrees and flies
along the K-th segment at a speed of Vfg.

If we now assume that the aircraft starts flying on segment K (Point
A of Figure 1) at time t = ty, then at a time t = t5 + tine later it has turned
through an angle ¢CK (from A to C) along the flight path, a distence given by
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FIGURE 1. Coordinate System Arrangement for Calculating Field
Point Locations Along A Flight Path - Helical
Segments.
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Since the aircraft is climbing at ag degrees, BD is also given as

D = KEEOS(&K) . (3)

Combining Equations (1) and (3) yields:
BD = VfKtinccosuK (W)
thus, from Equations (2) and (L):

Rgf = VfKt. cosay

K e (5)
the angle ge, is then determined to be

Vg t, cosayg

=1
¢CK - RK K inc (6)

Now the coordinates of the point C can be determined:

X!, = Xé ¥ QRKSin(%|¢CK|)cos(emaxK_l+ %¢CK) (7)
YéK = Yé + 2RKsin(%|¢cK|)Sin(emaxx_1+ 11¢CK) ‘o)
zby + 26 + Ry|Pey|tanayg )

The coordinates at the end of the segment (point E), the angle @maxy &t
which the aircraft enters segment K + 1, and the maximum teavel time along
segment K are given as:

XéaxK = Xé + 2RKs:'Ln(’—’5|<bmaxK|)cos(em&mK—l + %¢maxK) (10)
T = Yo * Bl o100y | ) o
(12)

z&axK = 2! + RK|¢maxK|tanaK

6max =0 * c"ma.x (13)
S o] K

tmaxK = RK|qmaxK|/(VchosaK) . (1k)



Figure 2 shows the similar situation when segment K is a straight line segment.
Again, the aircraft starts at point A at time t = t, and travels at Vg ft/sec,
reaching point C, at time t = ty5 + tijp.. The coordinates of point C are then
calculated:

Xé = Xé + (Vf tinccosaK)cosemax (15)
K K K
¥' =7Y'+ (V. t, Coso,)sin® . (16)
cK o fK inc K ma.xK
2! =7Z' + V_ t sina
i 1
cp o fK ine K (17)

The segment end point coordinates, the exit angle and maximum time of travel
along the segment are given below:
X! =X!
max, ~mex

_ K-1

maxK VfK cosemachosaK (18)

(e}

however, when XﬁaxK = XiaxK—l (ie. ® maxy = 90, t270°)tmax is given as:

'

I Y! -Y
maxK max

t - K-1
max, l VchosaK51n9maxK (19)
emaxK = ema.xK_l (20)
X' =X'+V_t cosa, cosB (21)
maxK 0 fK maxK K maxK
Yéax = Yé + Vf tm cosay sinb ax (22)
K K 8% maxXy
1 = > 1
ZmaxK VfKtmaxKSInaK + Zo (23)

Because the component noise prediction procedures discussed below re-
quire X, Y, Z coordinates relative to the aircraft rather than relative to a
fixed spacial point, the X', Y', Z' coordinates must be converted. Figure 3
shows the relationship between the two systems; the transformation is given
below:
X = (x', - x!
c

ob ob

Jeosy, + (Y!
X K

- Y' )siny (2k)
K ob cK K

Y - 1] 1 1
ob —-(Y(‘)b - Y )coswK + (X(')b - X! )51nwK

K K K
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Coordinate System Arrangement For
Calculating Field Point Locations
Along A Flight Path - Straight Line
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Z = Zé
K K
where

emaxK for straight line segments

[p =
K emaXK + ¢CK for helical segments (25)

All of the equations developed so far assumed that the aircraft was conducting
a takeoff operation which started at the point X' = Y' = Z' = 0. In the case
of a landing terminating at the same point all of the equations except 24 and
25 remain the same and the calculation is carried out as if the aircraft were
flying backwards up the flight path. Since at any point the aircraft is simply
turned around 1800 in the landing case, (¥ g +7) is substituted for Yy in Equa-
tion (25) and the coordinate transformation equations, Equations (24) then re-
main the same.

Helicopter Rotor Noise

The primary requirement for all of the component noise prediction pro-
cedures is that they be able to provide reasonably accurate results with a mini-
mum of detailed helicopter performance and airloading data input in minimum
computer time. In order to meet these requirements it was decided to use the
closed-form solution presented by Lowson and Ollerhead in Reference 10 for rotor
rotational noise. This solution, which will be described in greater detail,
allows the far-field rotational noise from a rotor to be calculated from an
assumed airloading spectrum quite rapidly. Other rotor noise solutions developed
for example, by Schlegel, et al. in Reference 1, while accurate are not readily
applicable to the present problem since they require detailed knowledge of the
aircraft performance parameters and actual blade airloading. They are open-form
solutions requiring radial and azimuthal iterations and, as such, are slower than
the closed form solution of Reference 10,

The subprogram, as designed, is capable of calculating the total noise
generated by a helicopter main and tail rotor, or any two rotors, during both
hover and cruise. In the case where the two rotors are very close together,
such as for a coaxial design, where the assumption of randomly phased loading
is not valid the program should be used with care.

Rotational Noise

The method used to calculate the rotational noise components is the
same for both the main and tail rotors, thus in the following paragraphs unless
a distinction is made between the two, the term 'rotor' will be taken to mean
any rotor.

The basic computer program used to predict the rotational harmonic
noise levels for rotors is essentially that described in Section 5.1 of Refer-
ence 10. The program computes the closed-form solution to Equation (37) of



Reference 10 which describes the far sound field radiation of a rigid-rotor
system whose only blade motion is steady coning. It was shown in Reference
10 that while these limitations may introduce some error when applied to the
real helicopter case, the accuracy is sufficient for studying the general
helicopter noise problem. Equation (37)10 is reproduced below as Equation

(27):

Cp =8, +ib_ = §=O am)‘ + ibm)‘ (26
where g and b are the following for (m + A) odd:
m)\ m)‘
Q X8 A & \
amA = %a:rl ) PmH,(G)Jf(—l) Jm_)\(G)]— m'—MI[(m+)\)Jm+)\(G)+(-1) (m—)\)Jm_)‘(G)]
+ Z:Jc_ [Jmﬂﬂ(c;)-Jm_l(G) - (-l>A(Jm_Ml(G)-Jm_A_l(G))] f<-1)‘f(m“-1’
1
_me [Py A by N
bmA - Enaor'l;——‘rl [—(-1) Jm_A(G)+Jm+)‘(G)] + mM———t[(mH\)JmH\(G)—(-l) (m-A)Jm_A
s (@+(-1 7 (o) ) s(mer-1)
21'1 m s G -Jmﬂ_l G)+(-1 Jm_Hl G -Jm_)\_l(G) }(_1) ‘
(27a)

if (m+X) is even, then 8, and bmA are the following:

(

G

|

xb b
- ?:Zorl 3 riT (@0, 0] - mM-A—tD [(m'”‘)Jm+A(G)—(-l)x(m—)\)Jm_)‘(G)]
ya
- rig_[in+x+l(G)_Jm+A'l(G)+<_1)A(Jm-l+l(G)_Jm_x_l(c))] t(_l)%(m+l)

o’
[}

1 t

e ) A (m+1)
Yo Pt (O (O-C1 L 6)-g ) (6)) [ -1

(27b)

g | *%0p A %\D A
my anorlgr l:Im+A(G)+(_l) Jm-)\(G)J - mM_—[(m+>‘)Jm+A(G)+(_l) (m—)‘)Jm-A(G):)

——— ———




Before going on to the calculation of airloading harmonic values
and program modifications, it is well to describe the use of Equation ( 27 ).
Equation ( 27 ) describes the real (am) and imaginary (bm) components of
the sound pressure in terms of the coordinates x and y whereas the inputs to
the present program are in terms of the X, Y, Z coordinate system. This re-
quires a change of coordinates from the X, Y, Z input to the x, y system used
in Equation ( 27 ). Figure 4 shows the relationship between the two systems.
The x-axis is in the direction of the rotor thrust and the y-axis is in the
plane of the rotor disk, directed toward the observation point. Thus the
observation point always lies in the xy plane. The X-axis, on the other hand,
lies in the direction of aircraft forward velocity, the Z-axis is directed
perpendicularly downward and the Y-axis is mutually perpendicular to the
other two. Examination of Figure 4 shows the following system transformations
to permit calculation directly by Equation ( 27 ) but inputting values in the
X, ¥, Z coordinate system:

X = X-sin(id) - Z-cos(id) (28)

y = —(X-cos(id)+Z-sin(id))cos(¢) - Y-sin(¢) (29)
-1 -y

¢ = tan TX-cos(ig) - Z'sin(id)} (30)

The harmonics of airlosding are specified in the X, Y, Z coordinate
system and are glven as Fourier sine and cosine components by and ay where
the zero reference for y is taken to be the -X axis and Yy is the angle, meas-
ured in the directiocii of rotation, from the -X axis to the blade being considered.
The loading harmonics must be related to the x, ¥ coordinate system to be of use
in Equation 27 thus:

aXYCOSAY + besinAy = achosxw + bstinkw
= achos(ky+k¢) + bstin(ky+k¢)
= akw(cosxycosx¢ - siniysinxg)
+bkw(sink¢cosky + cosi¢sinAy) (31)
Then:
axY = achosk¢ + bAw51nk¢
b>‘Y = - axw51nk¢ + bchosk¢
(32)

10
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However, the assumption is made that the Fourier sine components of
loading are zero in the X, Y, Z coordinate system, thus:

bkw =0 (33)
and
aAY = axwﬂosl¢
b>‘Y = —astink¢ (3h)
Note that the assumption of zero sine components (blw = 0) in the

X, Y, Z coordinate system does not imply zero sine components in the x, y-
coordinate system. A further assumption is made that the thrust, drag and
outward force components are in phase and that all other phase relationships

are rendom. This then allows Equation 3k to be writen as the following:
a, = achosk¢
bA = axw51nk¢ (35)

The Equations ( 35 ) provide the values for a , T, &)p» ajcs P)Ts PiDs
and b)q in Equation 2T.

Since the helicopter is in motion along the X-axis, it will have
moved a given distance along its flight path by the time the sound it genera-
ted reaches the observer. Figure 5 illustrates this situation. If when
the helicopter is at A (Figure 5) it generated sound (et time t = 0) and
if it takes T seconds for that sound to reach the observer, then the helicopter
will have moved during the propagation time, T, to a new position, B. As far
as the observer is concerned, the helicopter is at B, based on the sound he
hears, but in the calculation of the sound generated, it is position A, the
"retarded" position of the helicopter which is important. The distance from
the observer to the "retarded" position is given by:

r' =a T (36)
o

and the distance the helicopter moves in this time T is MgaoT.

Then:

2 2 2
' =
T (x + MfaoT) + 25+ Y

(37)
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T = 5
ao(l - Mf)
from which:
> .
XM, +Mf'\/§2 + (1 - M?)(lf2 + 2°)
X=X 5 (39)
1- M

The value of X' is then used in Equations 28 - 30 as the variable X.

Since the aircraft is in constant motion, the effect of this motion
must be accounted for by changing the distance r'. Lowson and OllerheadlO showed
that this can be accomplished by the following substitution:

r, = rt (1 - MO) (L0)

This is the value of r; used in the computation of Equation 27.
As mentioned above all phase relationships are assumed to be random except
those between T, D, and C. This then requires that in calculating the mag-
nitude of mth harmonic of sound, the magnitude of the contribution of each
loading harmonic must be calculated before it is added to the accumulated

sum indicated in Equation 27 , thus:
C | =(a2 + b2)%
| mI m m

1
2

v a2 2
le | =1 QamA + bmx)
A=0

In order to accurately calculate the noise radiation from the rotor,
detailed knowledge of the fluctuating airloads acting on the blades must be
known. Information of this type is difficult to obtain to high harmonic fre-
quencies, consequently little or no high-frequency rotor blade loading infor-
mation is available. However, Reference 10 showed, based on the limited data
available, that harmonics of airloading approximately follow an inverse power
law based on steady loading amplitude, for conditions of relatively smooth
inflow through the rotor disk, such as in hover and forward flight out of
ground effect. For rough running conditions, such as in ground effect hover
and cruise, and autorotative descent, this inverse power law does not predict
the harmonic levels as well.



The program also assumes that the blade load is concentrated at a
single point on the blade. Reference 10 showed that results of sufficient
accuracy may be obtained using this assumption. The optimum loading point
for the main rotor was found to be at the 0.8 radial station ( or at a distance
0.8R from the rotor hub). In the case of a teil rotor, however, it was found
that the optimum loading point was at the 0.9 radial station. This can prob-
ably be explained by the lack of twist on the tail rotor blades tested which
caused the loading to be concentrated nearer to the tips.

The amplitude of the A th loading harmonic due to thrust, drag, or
outward components is given by the equation:

B -k
AAT N AOTch
_ -k
A = Popte?
B -k (42)
Ao © Pocte?

The steady loading due to thrust (AOT) is equal to the thrust force
per blade as input to the program. The drag force acting at the loading point
selected is calculated from the rotor torque by the relationship:

A . = D/B = Q/nRB

oD (43)

The steady loading due to drag forces is then the value of drag as calculated
by Equation 43. The steady loading due to outward components is calculated
from the radial force component which is determined by the relationship:

Ajo = C/B =T sin (B)/B (4Y)

Typical values of the airloading "k" factor are 1.8 to 2.0 for main
rotors and 1.5 to 2.0 for tail rotors of standard design (ie. NACA symmetrical
airfoil shapes with linear blade twist distributions). Advanced blades with
non-linear twist distributions, cambered airfoils, etc tend to have k values
somewhat higher (2.0 to 2.5).

The correlation coefficient in Equation ( L2 ) may vary from O
to 1 and is a measure of the scale of phase coherence of the fluctuating air-
loads along the blade span (see Reference 10). For most cases 1c = 0.7.

The number of rotor noise harmonics that may be calculated is depend-
ent on the number of blade loading harmonics available. As established by Ref-

erence 10, the maximum number of loading harmonics necessary to calculate m
noise harmonics is given by the relationship:

L = mB(1+M) (45)
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When the number of sound harmonics requested makes it necessary to calculate
more than about 60 loading harmonics, computer time becomes prohibitively

long. Main rotor harmonics of sound up to about the 1300th would be necessary
to accurately calculate third octave band levels up to the band centered at
10000 Hz. This would require calculation of loading harmonics up to the 3900th!
Obviously, this is impractical and a method has been developed to calculate
higher harmonics of sound that does not require calculation of loading harmonics.

Harmonics of sound up to the limiting value given by:

mygo = 60/ (B(1+M))

are calculated using Equation o1 ) while harmonics from m im UP to
60 are calculated using an extrapolation method described below. It was shown
in Section 6 of Reference 10 that the acoustic intensity of the higher harmonicr
follows a trend which is given by the asymtotic solution:

p° = K(mB)Z 2k (46)

This is true because the airloads are represented by Equation ( 42 ). The
sound pressure calculated for the m,, -th sound harmonic is used in Equation
( L6 ) to evaluate the constant, K. after which Equation ( .46 ) is used
to calculate the sound pressure of the additional harmonics from imlim+l) up
to the 60~-th; alternatively the sound pressure level of these higher harmon-
ics can be calculated directly by the equation:

SPLm = 10((2—2k)log(_mB) + log(K) + 7.39) (0

Calculation of One-Third Octave Levels

The calculation of 1/3- octave band sound pressure levels is divided
into two parts, namely (a) calculation of band levels for 1/3-octaves up to one
centered at f,, and (b) calculation of band levels for the 1/3-octave whose
center frequencies are higher than foo+ The one-third octave band centered at
foc is the highest band whose level can be computed by summing the calculated
rotational harmonics. Assuming the -40 dB/octave filter skirt discussed below,
the frequency fcc is the third-octave frequency closest to the frequency given
by the equation:

fl = 60f°/1.6 (48)

16



This guarantees that the level of the 60-th harmonic will be at least 30 4B
down from the level of harmonics falling in the passband. The first step
necessary for one third octave band level calculations is the assumption of
a filter shape. This has been done and is shown in Figure 6. The shape is
typical of filters in normal use and approximates the ASA Class III filter
shape as given in ASA Specification S1.11-1966. The upper and lower cutoff
frequencies, fug and flj’ are the 3dB down points, fc is the center fre-
quency of the jth octave band, and the filter skirts Arop off at L0 dB per
octave. If the harmonics of rotor noise are reduced by this filter only
those falling in the flat portion (passband) of the filter will be unaltered.
Those falling outside this flat portion will be attenuated an amount which is
determined by their frequencies in relation to the center frequency of the
band. For harmonic frequencies below flj’ the amount of attenuation is given
by the equation:

By = 133 log(f/fcj) + 3.65 £ < flj (h9)

where f is the frequency of the harmonic in question. When the harmonic
frequency is above f 5, the attenuation of the harmonic level by the filter
is given by the relationship:

Bey = 133 log(fcj/f) + 3.65 > fuj (50)

To illustrate the effect the filter has on a harmonic spectrum
Figure 7 has been prepared. Figure 7a shows a typical harmonic spectrum
in a frequency range from 10 Hz to 100 Hz and Figure Tb shows how this
spectrum would appear after being filtered by the one-third octave band
centered at 25 Hz.

The one-third octave band level as determined by & filter of the
shape shown in Figure 6 1is the logarithmic sum of the harmonic levels after |
they have been modified by the effect of the filter shape (i.e., the logarithmic
sum of the harmonic levels of Figure Th ). The jth one-third octave band
level is then given by the equation:

N |
: A af I
1/3 0L, = 10 log z : entilog (—% + —Ldm) (51)
o= 10 10

where m is the harmonic number. Equation (51) is used by the computer
program to calculate the sound pressure level of all third-octave bands up
to the one centered at fcc'

In order to expedite calculation of the sound pressure level for
one-third octaves above foo. an extrapolation method has been devised. This
is possible because the higher harmonics follow the asymptotic trend given
by Equation (46) which is reproduced below:

o2 = K(up)2-2% (46)
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If we let (N + 1) be the number of the lowest harmonic contained in the pass—
band of the j -th third octave, N is given by:

f
N = med { —l—;% } (52)

27 °f
o]

and if we assume that the level of the J -th third octave band is the sum of

the harmonics contained in the passband {ie - between the upper and lower

cutoff frequencies) then the level of the j -th third octave band is the sum

of the harmonics from N + 1 to 21/3y gince f )= o1/3¢ .
u

1]
1/3N
t 2-2k
1/3 OL, = 10 log K(n) -SPL (53)
J ref
n=N+1

By the same token the harmonics contained in the passband of the (3 + 1)-th
third octave band are from (21/3N + 1) to 22/3N and the level of (3 + 1)-th
band is given

2/3
1/3 oL - z 2-2k
/3 341 10 log “ K(n) SPLref (54)
n=2 N+1
The increment between the two band levels is given:
AdB = 1/3 OLj+l—l/3 0Lj (55)
2/3 1/3
2°/°N 2-'°N
AdB = 10 log . 2. K(n)2 .10 10g K(n)°"2% (56)
n=2l/3N+l n=N+1
22/3N
2-2k
l% K(n) (57)
B 27 N+1
AdB = 10 log 21/3N
)> K(n)e-ek
n=N+1
1/3 a ,.1/3 a 2/3 .o
B 27 ON+1) (27 ON+2) T+, .
1/3 0L, = 1/3 0L, + 10 Log' ) +(  *...+(27°N) (58)

(N+1) %+ (N+2) % . .+ (21/3N)“
where

o = 2-2k

Thus the level of the one-third octave band at 21/3 fc

R is given by:
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(21/3N+1)“+(2l/3N+2)°‘+. . .+(22/3N)°‘ (59)
1/3 OL =1/3 OL, + 10Log 59

21/3fcc ce (N+1)% (v+2)% ... + (230

Equation 58 then, is used to calculate the third octave band levels for
all the bands centered above fcc'

Rotor Broadband Noise

Rotor generated broad-band noise has been included in the computer
program. A complete discussion of broad-band rotor noise is included in Ref-
erences 1 and 20 thus only a short summary will be included here.

The basic conclusion established by Lowson in Reference 20 is that
the overall level of rotor generated broad band noise is most accurately cal-
culated by means of the equation developed by Schlegel, et al (Reference 1).

Lowson 20, nowever, developed a factor to modify Schlegel's equation to account
for directionality effects. This factor and the spectrum shape are given as:

(a) Directionality:

cos2(°1) + 0.1 (60)

DI = 10 Log‘ >
cos“(70)

where 0; is the angle measured from the rotor rotational axis ( 81 = Oo below
the rotor). As noted in Reference 20, the factor (cos2 (70°)) is included to
normalize the directivity factor to the measurement location used by Schlegel,

et a1.l
(b) Spectrum Shape:

The spectrum shape is that developed by Schlegel, et al and
shown in Figure 8

(c) Peak frequency:

The relationship used by Schlegel in Reference 1 to determine
the peak vortex frequency was given as the relation:

H
i

s = 0.28Vy o/ny (61)

where:

jag
I

)

;= csin (al) + tccos(al

and Vp.T is the rotational speed at the seven-tenth radial
station, ¢ is the blade chord, t is the blade thickness, and

a 1 is the angle of attack at 0.TR.
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In order to provide a solution requiring less detailed know-
ledge of the blade geometry, data collapses where performed
using measured rotor data. These data provided the following
relation for fs:

£_ = - 240 Log(®) +0.746 V, + 786 (62)

which was used in the program for the peak vortex frequency.

When all these factors are combined with Schlegel's, et all equation, the
sound pressure level of the J -th third octave band of rotor broadband noise is
given by the following:

SPL,, = 20 Log(Vt) + 20 Log(T) - 10 Log(B) - 10 Log(R)
J (63)

- 10 Log(c) - 20 Log(r') + 10 Log(005261 + 0.1) + sJ + 19.k

where S, is the spectrum shape correction number given in Figure 8. The
completé rotor spectrum is the band by band energy sum of the rotational
and broadband noise. When a tail rotor is included its' complete spectrum
is added to the main rotor spectrum to produce a total rotors spectrum which
is stored for later use in calculating the vehicle spectrum.

Propeller Noise

As in the case of rotor noise, calculation of propeller noise
consists of two parts, rotational and broadband noise. The rotational noise
calculation procedure is empirically derived from several scurces (References 1k,
17, 19, 27, and 33) and the broadband noise is calculated from Hubbard's (Ref.
3L) interpretation of Yudin's (Reference 35) work with rotating round rods.

This procedure y:elds acceptable correlation with measured data as will be
shown in a following section.

Rotational Noise

The first step in the procedure is to calculate the overall
rotational noise level, OASPLr, at the correct distance r and azimuth vy,. This
has been determined to be

OASPL, = 15.5 Log(Pp) - 20(Log(DP) + Log(Bp)) + hOMt
+ 10 Log(NP) + DI(Ya) - 20 Log(r/500) + 50.2 (64)

The value of r, the distance from observer to aircraft is calculated from
the field point values X, Y, Z. The azimuth angle is defined in Figure 9
and the directivity index DI is calculated from:
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. 0.1200¢; - T.00 0°2¢, <50°

DI = }0.0286¢, - 2.43 50°<¢1<120° (65)
-.3080¢; + 38.0 120%<¢,<180°
where ¢1 = ] 180° - Ye, . The first ten rotational harmonics are calculated

from the OASPLyp value and the helical tip Mach number My by the use of Figure
10. The harmonic frequencies are integral multiples of the fundamental rota-
tional frequency fo given by:

=V (66
fo HB /D )
= (67)
f mVHB / D
2 2 68
V.. = + Vf (68)

The harmonic spectrum is converted to a one-third octave spectrum by adding
the harmonics which fall in a given one-third octave band to produce the band
level. For example, the harmonic spectrum of Figure lla results in the (ideal)
third octave spectrum of Figure 11b. For the seke of simplicity the third
octave filters are assumed to have an ideal shape (infinitely steep skirts).

Broadband Noise

The broedband noise' component is calculated from the vortex
noise equation for propellers given by Hubbard (Reference 3h4):

OASPL = 10 Log(3.8 x 10'11ABV0 ) - 20 Log(r/500) (69)

While there are more sophisticated methods being developed (eg. Reference

17) they are somewhat more complicated to use and require the use of empiric-
ally derived constants. The Equation (69) above appears to yileld reasonably
accurate results and is relatively simple to use.

The one-third octave band spectrum is determined from the
OASPLy of Equation (69) and the spectrum shape shown in Figure 12 adapted from

Beranek's (Reference 27) vortex noise spectrum shape. The peak frequency is
given by Beranekl as:

fs = O.BSVH/C (70)
where ¢ is the mean blade chord.
The complete propeller spectrum is the band by band energy

summation of the rotational and broadband components:
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0L, = 10 Log { Antilog |——|+ Antilog
J 10 10

Fan Noise

The method used to calculate the noise radiated from fans and fan
engines is the analytical/empirical procedure described by Burdsall and Urban
in Reference 15. The method is described in detail in Reference 15 hence only
a limited discussion will be presented here.

Three components are calculated: discrete tone, broadband, and
combination tone noise. Combination tone noise occurs at multiples of the
fan rotational frequency when the fan blades operate at relative tip Mach
numbers above 1. Because of the detailed design parameters required provision
has been made to delete the combination tone noise calculation. For this
case the calculated fan noise is an approximation. The calculated values for
discrete tone noise do not include the possibility of propagating rotor/stator
interaction tones. Burdsall and Urban's method for calculating discrete tone
noise is developed from engine data in which there are no propagating inter-
action tones, hence interaction tone noise is not explicitly included in the
final method. A check is performed to determine the presence of interaction
tones and a warning is printed out in the event they are present. In general,
when they exist they are only important for blade/vane spacings less than about
four chords.

Discrete Tone Noise

The Burdsall/Urba.n15 gethod calcu%ates the first two harmonics of
blade passing noise for aft ( 0 «< Yg < 90 ) and for forward (90° < Yo < 1800)
radiation using the following empirical equations based on rotor field cutoff
ratio ERF:
M
t

“re T M*i-M (72)
ax

where

M 1+ o.BhB‘2/3

£ (73)

The forward radiated mean SPL in the first harmonic for § RF £1.05 is
calculated to be:

- 2 3 L 5
SPLy, = 121.84 + 38.28E, - 303.7T9E  + 635.85E, ~ 4B3.36E  + 122.8¢-,
D, r]2
+ 10 Log|(PR-1) | 20 Log(r) + 5.55 (7h4)
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When & wi* is between 1.05 and 1.5, the value for SPLlF is the value cal-
‘wulated in Bguation (74 ) minus 20 log (DL):

1
SPL = SPLy, - 20 Log (DL) (75)

“hen I pp is greater than 1.5 the forward radiated sound pressure level is
calculated b/ the following equation:

D

SPL._, = 127 + 10 Log (PRJJ[ L

2
. eh%] - 20 Log(DL) - 20 Log(r) + 5.55  (76)

The aft radiated, first harmonic sound power level forERF < 1,5 is given as:

= 2 3 N 5
SPL p = 184 - 203.18f - 21.98¢ -+ 550.99E - 53b.97g o+ 151,265RF

“tf e
+ 10 Log { (PR-1) . - 20 Log(r) + 5.55 (17)
2

and for ERF <1.5:

2
SPL . = 129 + 10 Log| (PR- 1)[ ;ﬁ] - 20 Log(r) + 5.55 (78)

The mean SPL of the second harmonic is calculated from the first in the
following way:

SPL

op = SPLyp - Cp (79)

SPL SPL._ - C (80)

2R 1R R

where Cp and Cp are:

3.3" N,=1 (81)
CF = 5.7 Nc = 2
6.8 N =3
[o]
3.2 N =1 (82)
c
CR = 3.5 NC = 2
2.5 N =3
(]
NC = Mod (l + ERF ) (83)
.91
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The sound pressure level at a specified azimuth angle Y4 is determined from
the directivity curves of Figure 13 or the following equation:

2
SPL(Ya) = SPL + K, + K2(180—Ya) + K3(180—ya) + 1{1*(180-\(51)3

)y : (8k)
+ K5(180—Ya) + K6(180-Ya)
The values of Kl through K6 are given in Table 1.
TABLE 1
Constants Ki For Calculation of Discrete
Tone Sound Pressure Level
£ RK Kl K2 K3 Kh K5 K6
spL' (v.) |<1.05 |-1.2669| 5.4963 | -2.9492 | 7.6284 | 3.4487 | -1.2323
e 2 -3 -5 -7 -8
x10- x10. x10 x10 x10
SPLyp(y,) |>1.05 |[-3.0339 | 7.2853 L.o824 | 2.8230 | -8.8591| -6.31k6
x10~°2 xlo’h x10~" xlo’8 %150
SPL. _(y ) ATL | -56.4181] 0.6450 | 2.0970 -6.7782 | 2.8956 | 8.59L4
e -3 -6 -7 -10
x10 x10 x10 x10

The frequency of the first harmonic and of the second harmonic are calculated:

B .

£, = b (first harmonic) (85)
f 60

£, =2f (second harmonic) (86)
Y °r

The levels of the one~third octave bands containing the fundamental and the
second harmonic are equal to the calculated sound pressure levels of the first
and second harmonic respectively. These band levels are stored for later
combination with the broadband and combination tone spectra to produce the
complete spectrum.

Broadband Noise

The overall broadband noise level at 60° from the inlet (150 ft away)
is calculated from the relation:

D
OLSPL_ (o = OSPL(DF,Mt) + 20 Log(ﬁ) - 20 Log(r/150)
: 52 (87)
10 Log { BPR/ (BPR+1) }}
0.833

+-co(90)
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where: 0(90) = 0 if v> 90° and 04(90) =1 if vy < 90°. OSPL (DF,M,)
is taken from the Figure 1L curve. The sound pressure level at angles other
than 60° is given by:

OLSPL, = OLSPL., + Fl(DIsub) + (l-Il)(Dlsup) (88)

a

The directivity indicies DI and DI are taken from Figure 15 and F, is

calculated to be: SUB SUP +
M_.-0.95
Fl=15{l—ta.nh ( —r-e—l———)) (89)
0.2 ;
_ 2
Moy = Mgt (90)
Max = axial tip Mach number
Mt = circumfrential tip Mach number

The overall level is converted to a one-third octave band spectrum using
the Figure 16 spectrum shapes based on the reduced frequency f* where f%* is
given as

th
= — for M > 1.0
ao rel
fe¥1-M N (91)
* = _;fﬁ__E? for Mrel<l'o
o rel

and f is the one-third octave center frequency for which the sound pressure
level is being calculated.

Combination Tone Noise

As Burdsall and Urba.n15 point out, combination tone noise is a spectral
transfer of energy from the blade passage tone and harmonics to the shaft rota-
tional frequency and all of its harmonics. Combination tones occur only when
the flow over the blade tips is supersonic and results from small blade-to-blade
manufacturing irregularities which are amplified by the non-linear nature of
shock wave propagation. Because the calculation of combination tone noise re-
quires rather detailed knowledge of the fan design geometry the program con-
tains the option to delete its calculation in the event these design details
are not available. In this case, the calculated fan noise represents a first
approximation to the actual levels.

The overall sound power level of combination tone noise is calculated
with the following empirical equation17:
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- 2 3
OAWPL = 189.16 + 727.2&Mrel-u88.93M rel+1o7.69Mrel

A _ (92)

+ 10 Log lﬂ% - 20 Log(nfB)

Where: ny = %(1 + erf(y,))

for w2
1 for v, > 0 and T £0.43

erf(we) =§-1 for w2 < 0 and T £0.43

+Q  for y, > 0 and T >0.43

-Q for ¢, <0 and T >0.43

T=1/(1-0.328]y,]) (95)

2
Q=1- Te"‘”2[1.061Th - 1.437° + 1.421° - 0.28L7 + 0.25%(96)
by = (8- 4,)/ 720, (97)
v, 0.875
R sin p
8, = 13.5 (98)
© lsin(u+ 8%)
-1

u = tan (l/Mrel) (99)

_ -1 0
8* = tan (Max/Mt) (100)

ee _ 2Tan-l[-5in +ysinp +(T/R;)sin(u—8*)(2cosu—(T/Ré)sin(u-B*)) (101)

L 2cosu-(T/R! )sin(u-%)
v : (102)
Rs = RSRF/(gS - RF) for Ry # R
2 _ 2
- (l—Mzax)Mzrel . % "% (103)
T ZcosB'(l+ﬂM2ax/f))MaxMt Dt(th/dX) * Dh(dDh/dx)

According to Burdsall and Urban's15 analytical development the distribution of
power into the rotational harmonics is given by the equation
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3 2
PWL(K) = 170.8 + 10 Log [3 Ei[gﬁ] [i-cosg%%]+ 2[ﬁ%] [1‘£§5ing%%]$

K
(104)
2 2/ 1K
.%1 + 0 + exp [-hoe(ﬁgj] (BGKN_ 1)6]
s - 30 K # B (105)
KN l1 k=38
o, = 0.1 (106)
2 _ 2 2 2 . -2
ce =1-n+ 2no g c¢ + 202 2/w[{wl + 21 So¢wl + (2°¢)2e wl}
2
_{wg + 21'5o¢w2 + (2o¢)2e_w2}]§ (107)
B's sin(u+ea)

¢==0 . siniu+§f) (108)

Since only those harmonics above cutoff will propagate the tones below cutoff
are eliminated and their energy added to the remaining tones to keep the total
energy constant. The cutoff ratio of each tone( E) is calculated to be:

My

% ° =273y 2 (109)
(1 + 0.85% S W

and is compared to the critical cutoff ratio Ec:

- 1 - 110
g.=1- o—l-6exp323(1 Mrel)f (110)

Those harmonics K whose Ek is less than £ o are eliminsated.

The final step in calculating combination tone noise is to correct
for directivity, convert to sound pressure level and calculate the third
octave spectrum by summing those harmonics contained in each band. The sound
pressure level of the K~tM harmonic at the angle y_ and distance y is given
by the empirical equation: &

5

SPLy ., = PWLy - 20 Log(r) + . DYi ()" - 3.85 (111)

The coefficiemts DYi are given in Table 2.
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TABLE 2
Coefficient DYi Values

Y Dy
(deg) i=0 i=1 i=2 i=3 i=l i=5
170 -475.92 1088.41 -832.01 207.78 0 0
160 -488.88 116k4.19 -929.26 24k .73 0 0
150 -L4o1.57 1202.70 -987.87 269.86 0 0
1ko - 1,22 7.71 2.85 0. 0 0
130 419,53 -10L46.58 867.72 -238.17 0 0
120 12,96 - L43.78 53.02 - 20.72 0 0
110 -286.74 - 635.16 -h32.44 105.71 -48.71 -26.11
100 181.25 - h11.h7 295.32 - 67.81 0 0
90 1618.24  -3933.70 3133.88 -821.89 0 o}
80 4033.55 -9869.9k 7937.61 -210L4 .66 0 0
T0 6613.32 -16167.20 12994 .70 ~34L43,76 0 0

Turboshaft Engine Noise

The procedure for predicting turboshaft engine noise is entirely
empirical, based on noise measurements made on several engines. The first step
in the procedure is to determine the PNL at 500 feet to the side of the engine
using the 'average' or 'loud' engine line of Figure 17 . These lines are
represented by the following equations:

Avg: PNLSOO = 4.4 Log(horsepower/10) + 79.0 + 10 Log (Ne) (112)
Loud: PNL500 = 5.8 Log(horsepower/10) + 80.2 + 10 Log(Ne)
Ne = Number of engines (113)

The directivity index of Figure 18, derived from several engines, is used to
correct the sideline PNL to the azimuth location required. Since most avail-
able engine data is presented in terms of octave band levels, the calculated
value of PNL is first converted to an octave band spectrum using the curves of
Figure 19. These are composite curves representing an average of several diff-
erent engines, thus the calculated engine spectrum represents a reasonable
estimate of the engine generated noise. For most aircraft, turboshaft engine
noise contributes only very little to the final EPNL value, consequently the
current method is deemed adequate for the purposes of this study. When a simple,
more accurate prediction method becomes available it can easily be incorporated
into the program.
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Jet Noise

be represented accurately.

Although jet noise was the subject of many studies several years ago
the complexity of the subject is such that prediction of Jet noise has yet to

The problem is further compounded in the case of

direct 1ift jets or deflected jets where sound power levels, directivity, and

spectrum can be significantly altered.

However, in order to provide the V/STOL

noise model with the ability to at least determine an order of magnitude esti-
mate for those vehicles using jets the following empirically based prediction
method for undeflected jets is included in the program,

According to Richards and Clarkson (Reference

rovwer output from a subsonic jet is given as

and for

where:

£

g:
A

PWL, = 60 Log(Vj) + 10 Log(A) - L48. db ref:

J

supersonic Jet velocities as

.0.67wV§ l

PWL, = 13.5 Log <
J _ e

\

tg/w = exit velocity (ft/sec)

engine thrust (1b)

total weight flow (air + fuel) through engine
acceleration due to gravity (ft/sec/sec)

= nozzle area (sq. in.)

+ 78. db ref:

32) the total acoustic

10723 vatt

(11hk)
10713 vatt

(115)
(1b/sec)

According to Beranek (Reference 27) the total acoustic power can be corrected
for non-standerd atmospheric conditions by

P T i T
APWL = 10 LogF—ai- Lo LogT—"L- 35 LogT—a
%o Jo e, (116)
_ o
Ta = 59.0°F
o
P& = 29.92 in Hg.
o
TJ = Jet tailpipe temperature for ambient conditions Ta s Pa
o o o
P, = Ambient operating pressure (in Hg)

L1




T Ambient operating temperature (°F)

a

Ty

Tailpipe temperature

Then the overall sound pressure level at a distance R feet from the jet
(assuming hemispherical radiation) is given as

SPLJ = PWLJ - 10 Log(h'rrRz) + 3+ DI
(117)

where DI is the azimuthal directivity index (shown in Figure 20) based on the
data from Reference 31. The one-third octave band spectrum is determined from
the overall level and the relative Jet velocity using Figure 21 adapted from
Reference 32. The relative Jet velocity is the velocity of the Jet relative
to the surrounding eir; thus if the aircraft is moving with velocity Vf the
relative jet velocity, Vrel’ is given as

rel 3 f (118)

Attenuation

All sound, once generated, is attenuated by various mechanisms as it
travels from source to observer. These mechanisms include spherical divergence,
atmospheric absorption, ground absorption, and small-scale turbulence. Effects
such as thermal and wind gradients and wind effects are not included because
their existance and exact structure is never precisely known and cannot be
predicted with reasonable accuracy.

Spherical Divergence

In an ideal medium the total sound power radiated by & point source
far from any ground plane through an expanding spherical wave front remains
constant over the surface of the sphere so that sound pressure levels are
reduced by 6 dB for each doubling of & distance from the source. At sufficiently
large distances from a helicopter in the air and out of ground effect, the
helicopter will appear to an observer as a point source and the gpherical diverg-
ence attenuation then follows the 6 dB per doubling of distance law. In the
near field region where the physical dimensions of the source are not negligible
so that sound radiated by the source reaches the observer from different direc-
tions and where non-propagating "hydrodynamic" pressure Pluctuations cause
the apparent sound level to be amplified, this attenuation law does not hold.

Also , when the source or microphone is close to the ground, reflection effects

h2
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Figure 20. Directivity Index for Jet Noise
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cause interference between the direct and reflected waves producing large
variations in the apparent sound pressure level. The computer program does
not account for these near-field and reflection effects, thus it is restric-
ted to the calculation of far-field sound levels for the vehicle out of

ground effect. The program does, however, account for the far-field spherical
divergence attenuation of 6 dB per doubling of distance based on the input
information regarding the observer location.

Atmospheric Absorption

Attenuation of sound waves due to absorption by the air is composed
of two parts, classical absorption due to viscous and heat conduction effects
and molecular absorption. Of these two, only molecular absorption is important
in the audible frequency range, classical absorption being about an order of
magnitude less than molecular absorption at 10,000 H, with increasing diver-
gence for lower frequencies. Figure 22 shows both of these losses as functions
of frequency.

The curves for molecular absorption a' of Figure 22 were derived
from a new analytical/empirical formula adapted from Reference 21, which
gives excellent agreement with experimentel data and is based on the theory
as discussed by Kenser (Reference 22). Figures 23 and 24 taken from Ref-
erence 21 show the agreement between the expression for a! given as
Equation (119) below and both laboratory and field experimggtal data taken
from References 23 to 27. The molecular absorption calculated by the
computer program is then given by the following expression as adapted from
Reference 21: :

2=22)%
ot - a s 0.18¢|°2 . Q(f/fm)
- 11
mol max £ l+(f/fm)2 (119)
where
-2.5
= * - »
8 ax = 0-0078 £ (T*) exp (7.77 (1-1/T*)) (119a)
= 66 bk, 4oon2)p#/(7#)0-8
£,0= (10 + 6600h + Lk LOOh“)P*/(T*) Hz (119b)
h = n' . T* Percent mole ratio (119¢)
T.57 p¥
h' = humidity in gm/m3
P* = pressure normalized to 1k4.7 psi
o o
T* = temperature normalized to 519°R (59 F)
f = frequency for which molecular absorption is being computed
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For the standard conditions of 1L4.7 psi and 59°Fthe Equations (119a-c)
reduce as follows: .

6.41 gm/m3 at 50% relative humidity

h' =

h = 0.847
fm = 37,400
&y = 292.0

and the equation used in the computer progrem to calculate molecular absorp-
tion becomes:

: 1
6.2 [1.43 x 1079¢2 }2 2
a' . = 292,0 5 (L.81 x 107°F)° + 120
mol : [; + 7,14 x 10752 (120)
dB/1000 £t
or / :
-9.2 20 %
P! -6,,2 1.43 x 1077f
- 292,0<' ) fL.81 x 107 £)° + - ] 121
®nol 1000 1+ 7.1k x 107062 (221)

The program, then, computes the atmospheric attenuation (molecular absorption)
for sea-level-standard conditions of temperature and pressure and for 50%
relative humidity.

Ground Absorption

Of all attenuation losses, that due to ground cover is the least
understood. Very little experimental dats are available for either labora-
tory or field conditions. Those laboratory experiments which have been per-
formed have produced insufficient results to verify the theory or to point
out any theoretical inaccuracies. Field experiments have been performed, but
they suffer from lack of accurate knowledge of atmospheric conditions and their
fluctuations along the propagation path. Difficulty in separating the effects
of unpredictable small scale turbulence and local wind and temperature gradients
along the path from ground attenuation effects has further hampered the gath-
ering of accurate field data. Pao (Ref. 28) has recently developed an analy-
tical method to predict ground attenuation but it requires detailed knowledge
of the ground cover not generally avalilable. For these reasons and because the
elevation angle between observer and aircraft for V/STOL-part operation is
usually greater than about 7°, it was decided not to include ground absorption
in the :program.

Small Scale Turbulence

The propagation of sound waves is influenced by "small scale turbu-
lence" in the atmosphere through a process of refraction. The overall effect
may be one of attenuation or of augmentation depending upon the initial direc-
tivity pattern of the sound source. Basically, the scattering of an irregular
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sound field will tend to cause an equalization of the acoustic intensity
propagating in all directions at large distances from the source. It is

the direct result of multiple refraction of the sound through patches of
non-uniform sound velocity in the atmosphere which may be due to air velocity
or temperature fluctuations. The effect will only be important when the
acoustic wavelength is of the order of the atmospheric disturbance scale.

In the case of rotor or propeller noise, turbulence scattering may be expec-
ted to cause results similar to that illustrated as an example in Figure 25
where the most important feature is the "filling-in" of the depressions in the
directivity curves where theoretically, acoustic cancellation effects cause no
sound to be radiated. Thus, from a practical standpoint turbulence scattering
will only be of concern in considerations of the sound radiated at small angles
above the rotor disc, The reason for this is that due to the analytical summa-
tions over very many blade airload harmonics together with the adoption of
randomized phasing, the computed directivity contours are always "well rounded"
with the single exception of a severe trough for the low frequency harmonics

at about 5° above the plane of rotation. In this region scattering effects
could be simulated by averaging the intensity over a finite area enclosing the
minimum. This is exactly equivalent to the physical effects of scattering.

In a recent extensive study of rocket noise propagation (Reference 21)
it was determined that the effects of scattering caused an average attenuation
of the sound in the direction of maximum radiation of 0.5 dB per 1000 feet at
frequencies above 60 Hz. This value decreased at lower frequencies reaching
a minimum of 0.06 dB per 1000 feet below seven Hz. Now rocket noise is highly
directional and these results reflect a scattering of sound away from the
highly directional lobes. Elsewhere a reduction in absorption would be found.
Helicopter noise is significantly less directional in character and lesser
effects are to be expected. Consequently it is considered valid to ignore
scattering effects, everywhere except for small angles of propagation above
the rotor plane.

Calculation of PNL. PNLT. EPNL. and dBA Levels

After the vehicle one-third octave band noise spectrum has been
calculated for each point along the flight path (ie. - each increment of time)
and corrected for the attenuations described above the time history of Perceived
Noise Level, Tone corrected (PNLT) is calculated by converting the noise spec-
trum et each time increment to its' corresponding PNLT value with the methods
described below. The Effective Perceived Noise Level (EPNL) is calculated for
the observer location in question from the PNLT time history. For comparison
purposes, the A-weighted sound level (dBA) is also calculated at each time
increment.
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Perceived Noise Level

The Perceived Noise Level is calculated at each time increment from
the calculated one-third octave band spectrum by the SAE method of Reference 29.
The Reference 29 noy “ables, however, are replaced by the mathematical formula-
tion presented by Pinker (Ref. 30) and referenced by Sperry (Ref. 37). This
formulation allows direct calculation of the noy value for each band of noise
rather than requiring the use of noy tables, hence significantly less computer
storage is required. '

After each one-third octave band from 50 Hz to 10,000 Hz has been
converted to its' corresponding noy value, the value of N, is computed:

T
2k
Ny = 0.15 2; Noy, + 0.85N (122)
i=1
where N is the maximum of all the 24 noy values. The PNL is then cal-
culated:
PNL = L0 + 33.3 Log(N,.) (123)

T

Tone Corected Perceived Noise Level

_ Because the calculation of EPNL requires the time history of tone
corrected Perceived Noise Level, a tone correction that is applied to the PNL
is computed at each time increment. The tone correction is an attempt to
account for any additional annoyance resulting from the presence of pure tone
components in the spectrum. The calculation method, contained in Appendix A,
is not exact since it uses adjacent one~third octave band levels to extablish
the presence of a tone rather than using a narrow band analysis of the
spectrum. Nonetheless it is the only method available and is the one recommend-
ed by the FAA (Reference 31), hence it is the one incorporated in the program.

Effective Perceived Noise Level

The Effective Perceived Noise Level is computed by adding a duration
correction to the maximum PNLT value. The duration correction is calculated by
integrating the PNLT time history between the two points that are 10 4B down
from the maximum PNLT. In practice the integration becomes a summation because
there generally is no convenient mathematical representation for the PNLT time
history. This summation is given by Sperry (Ref. 31) as:

d/at

D = 10 Log { (1/T) . At antilog PNLT k PNLT (12h)
10 max
k=0
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where D = duration correction in 4B

T = normalizing time constant (sec.)
t = time increment (sec.)
d = duration time defined by the 10 dB-down points (sec.)

For the value of T = 10 sec given by Sperry 31:

a/ At

B A . PNLT (k) I
D =10 Log{FlO) E antllog[ 16 ]} PNLT (125)

k=0

The generally recommended value for At is 0.5 seconds, however the program
allows other values of 4t to be input in order to conserve computer time,
Since the computed PNLT time history usually varies smoothly with time,
little accuracy is sacrificed if values of t larger than 0.5 seconds are
used. The EPNL value can now be defiend:

EPNL = PNLT +D (126)
max

or combining Equations (125) and (126):

a/4t
EPNL = 10 Log’A—t antilog [ M]z (127)
10 EE: 10
k=0

A-Weighted Sound Level

The A-Weighted Sound Level is a single number rating of a sound spectrum
which attempts to simulate the way the human ear hears the sound. It is a
measure of the total energy of the spectrum after the spectrum has been passed
through a "filter" whose shape is that of Figure 26. In the program the
claculated one-third octave spectrum is corrected to the A-Weighting shape by
applying the correction numbers of Table 3 (taken from Figure 26) to each
band. The A-weighted sound level is then the energy sum of all of the correc-
ted band levels:

24
dBA = 10 Log,E antilog 1/3 OLy *+ CORR,
= 10
=1 (128)
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TABLE 3

A-Weighting Correction Numbers For 1/3-Octave Bands

ONE-THIRD

CORR

A
OCTAVE BAND
Hz dB
50 -30.2
63 -26.1
80 -22.3
100 -19.1
125 -16.2
160 -13.2
200 -10.8
250 -8.6
315 -6.5
oo -L.8
500 -3.3
630 -1.9

ONE-THIRD

CORR

A
OCTAVE BAND

Hz dB

800 -0.8
1000 0.0
1250 0.5
1600 1.0
2000 1.2
2500 1.2
3150 1.2
Looo 1.0
5000 0.5
6300 -0.2
8000 -1.1
10000 -2.3
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COMPUTER PROGRAM

The computer program developed from the component noise
calculation procedures is described in detail in Appendices B, C, and D.
A simplified flow diagram of the main program and Subroutine ACPNLT is
shown in Figures 27 and 28. Briefly the main program (Figure 27) loads
the necessary input data for each flight path segment, calculates the
PNL, PNLT, and dBA time history at the observer locations, and calculates
the EPNL value. Subroutine ACPNLT calls the required noise component
subroutines, accumulates a complete one-third octave spectrum, adjusts the
spectrum for atmospheric attenuation, and calculates the associated PVL,
PNLT, and dBA values. A more detailed description follows.

Main Program Operation

The Program begins (box M.l of Figure 27) by loading data for
flight segment 1 via the LOADER Subroutine. At this point all of the
component operating parameters for flight segment 1 (Figure 29), whether
a landing or takeoff, are entered along with the complete flight path
description and “bserver location. Table U4 lists all of the possible input.
The loader subroutine stores the input data in pre-designated COMMON loca-
tions indicated by the column of Table L4 titled Input Seguence Location,
thus the first COMMON location is occupied by the variable SAZ while the
25-th location is occupied by the variable DIA. On input the data are
assigned to their respective locations, not sequentially stored; thus only
necessary data need be entered.

After data for the first flight segment has been entered, 100
values of X, Y, Z (the observer coordinates relative to the aircraft for
each time increment) are calculated (box M.2) along with the slant range
(minimum distance from observer to aircraft), and the increment number of
the end point of each flight segment. In the box M.3 the field point (K),
flight segment (N), observer location (L), and segment end position (IK)
indices are initialized and all the input variables in COMMON are orinted
out in box Mk.

At this point SUBROUTINE ACPNLT is called (box M.5) and it returns
the PNL, PNLT, and dBA values at the L-th observer location when the
aircraft is at a location (Xkx, Yk, Zk) on the flight path. These noise
values are stored (in box M.6)and (in box M.T7) they are compared with pre-
viously calculated noise values to determine the maximum value, which is
stored for future use. The test in box M.8 cycles the program back to box
M.5 to calculate PNL, PNLT and dBA values for additional observer locations
up to a value IFPT (maximum of 10). When the observer location loop is
satisfied, control passes to box M.9 where L (the observer location index)
is reset to 1, K (the field point index) is increased by one, and a PNLT val-
ue that is 10 dB less than the maximum PNLT value at the IFPT-th observer
location is computed (DUM).
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FIGURE 2T.
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START LOOP 10
=1, 24
—% A3
TI(I) =0
T2(1) =0
A.4
END
NOC Loop
10 A.6
YES . CALL ROTOR _
A.5 vES CALCULATES A7
ROTR=| ROTOR NOISE CALL ADDER |
NO ]
A9
A8 YES [ CALL PROP __ ] A.i0
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NOISE
N ]
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FIGURE 28. Subroutine ACPNLT Flow Chart.
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SEGMENT |

AX2

FLIGHT TRACK

Figure 29. Definition of Flight Path Segments
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The most recently calculated value of PNLT is compared with DUM
in box M.10 and if it is less than DUM and if X is greater than INCZRO
(i.e. the aircraft has passed the last observer) control is passed on box
M.12. If either criteria is false control pases to box M.1l3 where the
current value of K is compared to the increment number corresponding to the
end point of the N-th flight segment, IK. If K < IK the program is cycled
back to box M.5. If K is greater than IK (i.e. = the vehicle has passed on
to flight segment N + 1) and if K is not greater than 100 (box M.1L) the
flight path segment index N is increased by one (box M.15) and any new noise
component parameter values for the new flight path segment are loaded
(box M.16). Only those parameters that change or those that are new need
be entered since all old values are retained. In the event that no parameters
change from segment N to segment N + 1 one dummy variable must be loaded
since the LOADER subroutine is called each time the segment changes. In box
M.17 IK is now set equal to the increment number of the end point of the
new segment and control is cycled back to box M.4 where all the input
variables in COMMON are printed out again.

Control is received at box M.12 when the calculated value of PHLT
is more than 10 PNAB down from the peak and the aircraft has passed the
last observer. If the calculation is only for one observer location (IFPT=1)
control is passed to box M.22. If there is more than one observer control
passes to a loop (boxes M.18 - M.21) that assures there is a point which is
at least 10 PNdB down from the maximum PNLT at each observer location. If
not, control is passed back through box M.13 for further calculation. If
all the 10 PNAB down points exist, control passes to box M.22 where the
integrated duration correction is calculated at each observer location and
then to box M.23 to calculate the EPNL value at each observer. In box M.2h
all of the calculated values are printed out.

Subroutine ACPNLT Operation

Subroutine ACPNLT is the primary subroutine because it controls
the calculation of the vehicle spectrum and associated PNL, PNLT, and dBA
velues. Control is received from MAIN in box A.1 (Figure 28) and passes
to the loop (boxes A.2 - A.4) which initializes the two dummy spectrum arrays
71 and T2. If the calculation is to include rotors (ROTR=1) box A.5 trans-
fers control to box A.6 which returns in array Tl a one-third octave band
spectrum for the rotors. In box A.7 the calculated spectrum (array T1) is
added to the spectrum in array T2 (which is used to accumulate the total
vehicle spectrum). In box A.T array Tl simply is transferred to array T2
because this is the first call to the subroutine and T2 has been initialized.
Control passes to box A.8 (either directly from A.5 or through boxes A.6
and A.T) where a similar test and sum accumulation takes place for propeller
noise (boxes A.8 - .10), assuming propellers are included. Similar cycles
take place for fans (boxes A.11 - A.13), Jets (boxes A.14 -~ A.16) and
engines (boxes A.17 - .19).
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The T2 array now contains the one-third octave spectrum of the
complete vehicle and control passes to box A.20. This begins a loop to
convert each one-third octave band sound pressure to sound pressure level
(box A.21), to calculate the atmospheric attenuation at the band center
frequency F (box A.22), and to correct each bands' SPL for this attenuation
(box A.23). When these corrections have been made the PNL, PNLT, and dBA
values of the spectrum are calculated in box A.25 and returned to MAIN in
box A.26,

Users Manual

1. Determine the aircraft configuration and operating parameters.
Use Forms 3 through T at the end of this section to tabulate
the necessary values.

2. Prepare on X', Y', coordinate paper the flight track on the
ground of the flight path. The flight path can consist of up
to 50 straight line and helical segments. When two adjacent
segments are straight lines the only restriction is that they
be colinear because all turns must be accomplished by helical
segments. Figures 30 and 31 demonstrate an example case
(additional sample cases are presented in Appendix B). The
origin of the X', Y' coordinate system is at the start of
takeoff roll or at the end of ground roll; the X' axis need
not be in the direction of the runway. Note that segments
are numbered in increasing order starting with the segment
closest to the origin, regardless of whether the flight is a
takeoff or landing and that the last segment (highest segment
number ) must be straight line.

3. Using the flight track diagram (Figure 31) enter the required
flight path information on Form 1 (Figure 32 at end of this
section), and on Form 1A (Figure 33) if there are more than
25 flight path segments. Figure 32 shows the Form 1 filled
out for the example of Figure 31. When the segment is straight
line no values are entered for¢ max and RADIUS; for helical
segments no values are entered for X’max and Y'max Note
that @, is the angle of climb or descent, measured from the
ground plane. The value of ¢nax is entered as positive for
counterclockwise turns and as negative for clockwise turns.
The values of X'y, and Y' .. are estimates of the end point
coordinates of straight line segments; they will be changed by
the program if they disagree with the end points calculated by
the program.
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Prepare a Form 2 (Figure 34) for the first flight path
segment. Include on this form all of the information from
Form 1 (and 1A) and Forms 3-T as applicable. Also include

the primary observer coordinates (X'sp and Y'gp), the angle
that the first flight track makes with the X' axis (O yax,)

if the first segment is straight, the altitude (A, ) at the
origin of the X', Y' coordinate system ( e.g. = hover altitude
before takeoff for a helicopter), the time increment (tinc)

to be used between successive aircraft locations on the flight
path, and the number of total observer locations (ANMFPT).
Figure 31 shows how the additional observer locations will be
determined. IList on Form 2 only those propulsion components
and their operating parameters actually used on segment 1.
Figure 34 shows Form 2 filled out for segment 1 of our sample
case (assumed to be a compound helicopter with propellers for
auxiliary propulsion).

Prepare a Form 2 for each additional flight segment. Note tl.at
only those parameters that change from segment to segment or
that are new are entered; however, if no parameters change a
dummy input will be required for the segment since the program
will attempt to read in data for every segment. This can be
done by repeating a variable from the previous segment (as is
done in the example case — see Figure 35), or by assigning a
value to a variable not used in the particular case. Figures 35
through 38 show Form 2 filled out for our example case. In
this example the aircraft is in the helicopter mode (rotors only)
for segments 1 and 2 and no parameters change from segment 1 to
segment 2. On segment 3 the propellers are operating and
parameters change from segment 3 to 4 to 5.

Prepare the input data cards using the information from the
FORM 2's and the coding format sheet shown in Figure 39. The
Figure 39 format is that used by the LOADER subroutine to load
deta into the specified COMMON locations. Referring to Figure
39, column 1 is reserved for a minus sign which tells the loader
to stop reading data, thus the last data card for each flight
segment must contain a - in column 1. Column 2 tells how many
data points (up to 5) are contained on the card and columns 3-6
indicate into which COMMON location the first data field is
placed (additional data fields on the card are sequentially
placed after the first)

Figure 40 shows the coding form filled out for the entire
example case. The data for segment 1 is contained on cards 1
through 15, segment 2 on card 16, segment 3 on cards 17 through
21, segment U4 on cards 22 and 23, and segment 5 on cards 24 and
25. Card 7, for example, puts the value 2000. in location 8o,
0. in location 81, and 5000. in location 82. Card 15 is the
last card of segment 1 (- in column 1) and it puts the value 1.
in location 417, puts zeros in locations 418, 419, and 420, and
puts 1. in location 421.
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Program Operation.

The program is set up such that 2* times data for all
segments may not be read and used. When the noise (PNLT) at
the primary observer (X'ob, Y'ob) is 10 PNdB{ down from the
maximum level and the aircraft has passed the observer, the
calculation of further PNLT values is halted and the EPNL
values are calculated. Since the 10 dB down point may be
reached before the aircraft reaches the last flight segments
the data cards for these segments will be ignored.
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FLIGHT PATH

Figure 30. Example Take-off Flight For V/STOL Noise Model
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Figure 31. Example Take-off Flight - Flight Track
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TABLE 4

V/STOL VEHICLE NOISE PREDICTION PROGRAM
INPUT PARAMETERS :

Input

Veri- Program Sequence

able Name Description Location
a SAZ Speed of sound (ft/sec) 1
- SEG Number of flight path segments (up to 50) 2
FLYTYPE Takeoff = 1. Landing = 2. 3

HELICOPTER ROTOR PARAMETERS

kr RCASE Main rotor harmonic loading factor L
n, RETA Main rotor blade radial loading station (%R ) 5
B, RBIGB Number of main rotor blades 6
R, RBIGR Main rotor radius (ft) 7
Qy . ROMEGN Main rotor rotational speed (rpm) 8
id: RSID Main rotor disk incidence angle (degrees) 9
Cr RCHORD Main rotor blade chord (inches) 10
Ty RTHRUS Main rotor thrust (1b) 11
U RTORQ Main Rotor torque (1b-ft) 12
Br RBETA Main rotor coning (degrees) 13
ky TCASE Tail rotor harmonic loading factor 1k
nt TETA Tail rotor blade radial loading station (%R ) 15
By TBIGB Number of tail rotor blades 16
Ry TBIGR Tail rotor radius (ft) 17
SNt TOMEGN ‘Tail rotor rotational speed (rpm) 18
idt TSID Tail rotor disk incidence (degrees) 19
Cy TCHORD Tail rotor blade chord (inches) 20
T, TTHRUS Tail rotor thrust (1b) 21
Qi TTORQ Tail rotor torque (1b-ft) 22
Bt TBETA Tail rotor coning (degrees) 23
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TABLE 4 (Cont'd)

Input
Vari- Program Seguence
able Name Description Location
PROPELLER PARAMETERS
P, PPWR Propeller Shaft Power (hp) 24
Dp DIA Propeller diameter (ft) 25
B, BIGB Number of propeller blades 26
Qp RPMP Propeller rotational speed (rpm) 27
- ANMPRP Number of propellers 28
cp CHORDP Propeller mean blade chord (ft) 29
TURBOSHAFT ENGINE PARAMETERS
P HPENG Engine power output (hp) 386
- SLEVEL Engine noise level (1 = Average, 2 = Loud) 387
- ANENG Number of engineé 388
FAN AND FAN ENGINE PARAMETERS
Dy DIAT Fan tip diameter (inches) 389
Dy DIAH Fan hub diameter (inches) 390
Be B Number of fan blades 391
- BPR Bypass ratio 392
Ct CHORD Fan blade tip chord (inches) 393
Dgt DDDXT Tip diameter gradient (in/in) 39k
Dgh DDXH Hub diameter gradient (in/in) 395
Rg RS Blade suction surface radius of curvature (in) 396
% SIGPHI Standard deviation of blade tip metal angle
(rad) 397
L DL Inlet duct length (ft) 398
R RPM Fan rotational speed (rpm) 399
m SPAF Specific airflow rate (1b/sec/ft2) 400
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TABLE 4 (Cont'd)

Input
Vari- Program Sequence
able Name Description Location
Mg XMXTIP Tip axial Mach number ko1
P. PR Fan pressure ratio Loz
- DF Fan blade diffusion factor Lo3
T, T2 Ambient inlet temperature (OF) Lok
Ps PT2 Ambient inlet pressure (in. Hg) Los
op ALFA Ineclination of fan to horizontal (+90°=vertical) Lo6
- FN Number of fans Lot
COMB Control factor to permit skipping of combination
tone calculation (0 = No Calc.) Lo8
JET ENGINE PARAMETERS

t THRUST Static thrust (1b) Lo9
W WIFL Gas weight flow tﬁrough engine (1b/sec) k10
aj AREAJ Nozzle area (sq. in) L11
Py PSUBA Ambient inlet pressure (in Hg) k12
Ty TSUBA Ambient inlet temperature (OF) 413
T; TSUBRJ Tailpipe temperature (OF) 4k
TJO TSUBJO Tailpipe temperature at standard conditions (°F) 415
@y ALFAJ Inclination of jet thrust axis to horizontal (deg)

(+90° = vertical) 416
- ROTR Control factor to include calculation of rotors* b1t
- RP Control factor to include calculation of

propellers# 418
- FANS Control factor to include calculation of fans* k19
- RJ Control factor to include calculation of Jets#* k2o
- E Control factor to include calculation of turbo-

shaft engine# h21
*

for control factors 1 = Yes 0 = No
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TABLE 4 (Cont'd)

Input
Vari- Program Sequence
able Name Description Location
FLIGHT PATH PARAMETERS
- PATH(N) Flight Segment type (1 = Helical, 2 = Straight) 30 %%ru
X'ma XMAX(N) X', Y' coordinate system location of end point 80 thry
X 129
Y'ax YMAX(N) of segment N (straight line segments only)
¢ max PHMAX (NV) Maximum angle through which aircraft turns on
n helical flight segments N (+ for left turns,
- for right turns) 180 thrul
229
Rn RADIUS(N) Turning radius of helical segment N 230 thry
279
Ve(n) VF1(N) Flight velocity segment N 280 thru
2
%y ALF(N) Flight path angle to horizontal for segment N 330 ghgu
379
X'ob XPRZRO
Observer coordinate location on ground 381
Yoy ZPRZRO
Omax THMAXO Angle first flight segment makes with the
positive x'-axis 382
A, AZWEO Altitude at the X'=0, Y'=o location 383
tine TINC Time increment between successive PNL calcula-
tions 384
- ANMFPT Number of observer locations 385
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CASE:

FORM 1

V/STOL NOISE MODEL

DESCRIPTION:

SEG

(a)
PATH

Y'max
(ft)

RADIUS
(ft)

Ve
(ft/sec)

O -1 OV W

N E N MW

2000.

5000.

500.

4100.

500.

750.

85.
100.
130.
150.
190.

20.
10.
10.
15.
15.

(a) Flight path type:

1 = helical,

(b) Positive for counterclockwise,

Note:

2 = straight

Values in this table are for an example case.

Figure 32.

V/STOL Noise Model Form 1

TO

negative for clockwise turns




CASE:

FORM 1A
V/STOL NOISE MODEL

DESCRIPTION:

SEG

(a) (v)
1 1
PATH X' s Y oax ! Gmax RADIUS Ve

(£t) (£t) (deg) (f£t) (ft/sec)

—~ R

deg)

26
27
28
29
30
31
32
33
3k
35

37
38
39
Lo
41
L2
43
LYy
ks
L6
L7
48
L9
50

(a) Flight path type: 1 = helical, 2 = straight
(b) Positive for counterclockwise, negative for clockwise turns

Figure 33. V/STOL Noise Model Form 1A
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CASE:

Example 1

V/STOL NOISE MODEL

FORM 2

DESCRIPTION: Compound helicopter, Rotors only on

FLIGHT SEGMENT NUMBER: 1

segments 1 and 2.

Propellers and
rotors on segment 3, L4, and 5.

T1,0C [VARIABLE| VATUE [LOC|VARIABLE | VALUE |LOC]VARIABLE { VALUE {LOC| VARIABLE VALUE
1{SAZ 1117 | golxMax(1) | 2000. |235]RADIUS(6) 390! DIAH
o SEs R ER T 236] RADTUS(T) 391] B
3 [FLTYPE 1, | 82]xMax(3) | song.  1237|RADIUS(8) 392| BPR
1y |RCASE 5> | 831MAx(l) 238] RADIUS(9) 393] CHORD
5 |RETA 0.8 ub|XMAX(5) 239 RADIUS (1.0 394f DDDXT
6|Rb1uB o Lo Laax(e) ¥ + 395] DX
T|RBIGR 55 4 i OO]XMAX(T) 2756} RADIUS (50 366! RS
8| ROMEGN 558 BT XMAX(Y) 280) VF1(1) 85, 397! SIGPHI
RSID 0. B8] xMax(9) 281| VF1(2) 100. 1398] DL
10 |RCHORD 15. 89|xMaX(10) 282| VF1(3) 1230, 1399] RPM
11 |RTHRUS £6200. + ¥ 283| vFi(h) 150, |40O] SPAF
12 |RTORQ  [L17000. {129]XMAX(50) 284 vF1(5) 190, |40l] XMXTIP
13 [RBETA 2. |130]¥MAX(1) 500, |285] vF1(6) 402f PR
1L]TCASE 2.5 (131] YMAX(2) 286l vF1(7) L03| DF
15 |TETA c.8 J132]max(3) 1100, |287] VF1(8) ou| TT2
16 [TBIGB 6. [|133[yMax(4) 288] VF1(9) 405} PT2
17 ITBIGR 6.5 1134 YMAX(5) 289| vF1(10) 406 ALFA
18|TOMEGN [1030. J135]YMAX(6) ¥ 4 LOT| FN
19|TSID 0. |136]yMax{(7) 329 VF1(50) LOB| COMB
20 |TCHORD 0,2 |137|YMAX(H) 330] ALF(1) 0. |409) THRUST
21|TTHRUS j2i00. [138]MAXL9) 331] ALF(2) 10, |410] WIFrL
22| TTORG 795. |1391¥YMAX(10) 332| ALF(3) 10, |t11] AREAJ
23 |TBETA 0. ¥ ¥ 333] ALF(h4) 15 1412 PSUBA
2L [PPWR 179] YMaX(50) 334 ALF(5) 15 |413] TSUBA
25 IDIA 180 PHMAX (1) 335] ALF(6) 1L] TSUBJ
26 |BIGB 181 | PHMAX(2) 1n |336] ALF(7) 15| TSUBJO
27 |RPMP 182 | PHMAX(3) 337] ALF(8) 16| ALFAJ
28 | ANMPRP 183|PEMAX (L) | _gn [338]ALF(9) L17l ROTR 1
29 | CHORDP 104 | PHMAX(5) 339/ ALF(10) 18] RP n
30 |PATH(1) 2. |15 PHMAX(6) + + 419| FANS a
31{PATH(2) 1. |1o6|=R4axX(7) 379] ALF(50) 120 RJ "
32 |PATH(3) 2, |18T7|FHMAX(8) 380 XPRZRO 000 21| E <
33|PATH(Y 1. }188|PHMAX(9) 381] YPRZRO 060
3L [PATH(S) 2. |189]PHMAX(10) 382 THMAXO 14
35 |PATH(6) + + 383 AZERO. 0
36 |PATH(T) 229 | PHMAX(50) 384| TINC 1
_%a PATH(8) 230|RADIUS(1 385] ANMFPT A
PATH(9) 231|RADIUS(2)] 50q, 1386| HPENG 2780
39 |PATH(10) 232{RADTUS(3 387} SLEVEL o
¥ + 233|RADIUS(L) 750, |388] ANENG
79 |PATH(50) 23LIRADIUS(5) 389] DIAT

Figure 34. V/STOL Noise Model Form 2
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V/STOL NOISE MODEL

FORM 2

CASE:  Example 1 DESCRIPTION: FYarameters do not change from segment
FLIGHT SEGMENT NUMBER: 2

1 to segment 2, thus a dummy input is
provided

T.0C |VARIABLE| VALUE |LOC|VARIABLE [ VALUE [LOC]VARIABLE | VALUE |LOC| VARTABLE VALUE
1{SAZ 1117 | 80]xMAX(1) 235| RADIUS(6) 390| DIAH
2 |SEG ) 81| xMax(2) 236] RADIUS(7) 391 B
3 |FLTYPE 82 xMAX(3) 237/ RADIUS(8) 392] BPR
RCASE 83 (L) 238| RADIUS(9) ‘ 393] CHORD
5 |RETA 8L [ XMAX(5) 239/ RADIUS(10) 39L] DDDXT
6 |RBIGB 85 |xMAX(6) ¥ ¥ 395| DDDXH
T |RBIGR 86 | xMax(7) 279] RADIUS(50) 396 RS |
8 |ROMEGN 87 xMaX(8) 280 VF1(1) 397| SIGPHI
9 |RSID 88| XMAX(9) 281 VF1(2) 398[ DL ]
10 [RCHORD 89 [xMax(10) 282] vF1(3) 399| RPM
11 |RTHRUS ¥ + 283] vri (k) 00| SPAF
12 |RTORQ 129 | XMAX(50) 28L]vF1(5) 01] XMXTIP
13 |RBETA 130] YMAX (1) 285|vr1(6) L02] PR
14 [TCASE 131 | ymMax(2) 286] VF1(7) 403 DF
15| TETA 132]yMaX(3) 287] vF1(8) oL| Tr2
16 |TBIGB 133/ YyMAX (k) 288] vF1(9) Los| PT2
17 |TBIGR 134 yMAX(S) 289] vF1(10) 06] ALFA
18 |[TOMEGN 135|YMAX(6) ¥ ¢ LoT7l FN
19{TSID 136{ YMAX(T) 329[ VF1(50) L,08] COMB
20 |[TCHORD 137/ YMAX(8) 330 ALF(1) 1,09] THRUST
21 |TTHRUS 138[¥YMAX(9) 331 ALF(2) L1o| wrFL
22 | TTORQ 139 ] YMax(10) 332] ALF(3) 411] AREAT
23| TBETA ¥ + 333|ALF( k) 412 PSUBA
2l |[PPWR 179 1 YMAX(50) 334 ALF(5) L13] TSUBA
25|DIA 180]paMAX (1) 335[ALF(6) L1L] TSUBJ
26 |BIGB 181 | PEMAX(2) 336 ALF(7) 15| TSUBJO
27 |RPMP 182 PHMAX( 3) 337/ ALF(8) 116] ALFAJ
28| ANMPRP 183{PEMAX (L) 338[ ALF(9) L17] ROTR
29 |CHORDP 18L | PrMAX(5) 339| ALF(10) 118] RP
30 |PATH(1) 185|PHMAX(6) + + 419} FANS
31|PATH(2) 186 PEMAX (7 379 ALF({50) 120 RJ
32 PATH(3) 187} PHMAX(8 380] XPRZRO 21| E
33|PATH(4) 188 PHMAX(9) 381} YPRZRO
3L |PATH(S) ~ |189[pEMAX(10) 382] TRMAXO
35|PATH(6) ¥ ¥ 383] AZERO
36 [PATH(T) 229 | PHMAX(50) 384 TTHC
PATH(8) 230 [RADTUS(1 385] ANMFPT
| 38| PATH(9) 231|RADIUS(2) 386} HPENG
39 [PATH(10) 232|RADIUS(3 387| SLEVEL
+ ¥ 233|RADIUS (L 388] ANENG
79 |PATH(50) 234 |RADTUS(5) 389] DIAT

Figure 35. Form 2 for Example, Segment 2
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V/STOL NOISE MODEL

FORM 2
CASE: Example 1 DESCRIPTION: __ Propellers are now turned on
FLIGHT SEGMENT NUMBER: 3
T.0C [VARIABLE] VALUE |LOC|VARIABLE | VALUE |LOC]VARIABLE | VALUE |LOC| VARTIABLE VALUE
1{SAZ 80]xMax(1) 235{ RADIUS(6) 390| DIAH
2 |SEG 81]xMaxX(2) 236] RADIUS( T 391]| B
3 |FLTYPE 82| XMAX(3) 237/ RADIUS(8 392| BPR
L |[RCASE 33 (L) 238|RADTUS(9 393{ CHORD
5 |RETA 84 ] XMAX(5) ‘#539 RADIUS(10 394] DDDXT
6|RBIGB 85 [ XMAX(6) ¥ ¥ 395} DDDXH
T|RBIGR 86 [XxMAX(T) 279] RADTUS (50 396] RS
8 |[ROMEGN 87| xMAX(8) 280[ VvF1(1) 397| SIGPHI
9 |RSID 88| xMaX(9) 281 VF1(2) 398} DL
10 [RCHORD 89 | xMAX(10) 282] vF1(3) 399| RPM
11 |RTHRUS [15000. | ¥ v 283| vF1(k) 00| SPAF
12 |RTORQ 20300, 1129]XMAX(50) 284|vr1(5) L01) XMXTIP
13 |RBETA 1 j130]yMax(1) 285] vr1(6) Lo2] PR
11| TCASE 131]YMAX(2) 286 vr1(T) Lo3[ DF
15| TETA 132 YMAX(3) 287| vF1(8) Lok TT2
16 |TBIGB 133/ YMAX (L) 288| vF1(9) 4o5] PT2
17 {TBIGR 134 YMAX(5) 289] vF1(10) Lo6| ALFA
18 | TOMEGN 135] YMAX(6) ¥ v LOT| FN
19 |TSID 136 YMAX(T) 329 VF1(50) L0B| COMB
20 |TCHORD 137 [ YMAX(8) 330 ALF(1) Loo] THRUST
21 |TTHRUS 730, [138]YMAX(9) 331 ALF(2) 410} WTFL
22 |TTORQ 378, |139{¥YMAX(10) 332 ALF(3) L11] AREAT
23| TBETA v + 333/ ALF(L) 112] PSUBA
24 |PPWR 1936, 1179 YMAX(50) 334 ALF(5) 413] TSUBA
25 |DIA 1k 761180 PHMAX (1) 335] ALF(6) 414 TSUBJ
26 |BIGB 3. [181]pHMAX(2 336} ALF(T) 15| TSUBJO
27 |RPMP 1180. |182]PHMAX(3 337/ ALF(8) 16| ALFAJ
28 | ANMPRP o 1183[pEMAX(L) 338 ALF(9) 117 ROTR
29 |CHORDP 1, |184]PHMAX(5) 339/ ALF(10) 418| RP 1,
30|PATH(1) 185|PHMAX(6) ¥ ¥ 419] FANS
31|PATH(2) 186 | PHMAX(T) 3791 ALF(50) L20l RT
32|PATH(3) 187 PHMAX(8) 380] XPRZRO L21 E
33|PATH(L) 188]PHMAX(9) 381] YPRZRO
34 |PATH(5) 189 PEMAX(10) 382] THMAXO
35 |PATH(6) ¥ ¥ 383] AZERO
36 |PATH(7) 229 | PHMAX( 50 38L] TINC
_%grpATH 8) 230| RADIUS(1 ) 385] ANMFPT
PATH(9) 231|RADTUS(2) 386| HPENG
39[PATH(10 ¥ 232|RADIUS(3 387| SLEVEL
+ 1y 233|RADIUS (4 ) 388] ANENG _
9 |PATH(50) 234|RADIUS(S) 389] DIAT

Figure 36. Form 2 for Example 1, Segment 3
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V/STOL NOISE MODEL

FORM 2
CASE: Example 1 DESCRIPTION :
FLIGHT SEGMENT NUMBER: &
OC [VARTABLE| VALUE [LOC|VARIABLE | VALUE [LOC]VARIABLE | VALUE |LOC| VARIABLE VALUE
1{SAZ 80 |xmMax (1) 235| RADIUS(6) 390| DIAH
2 |SEG 81| xMAX(2) 236] RADIUS(T) 391 B
3 [FLTYPE 82]xMAx(3) 237|RADIUS(8) 392| BPR
L |RCASE 83 (L) 238/ RADIUS(9) 393 CHORD
5 |RETA 8L{xMAX(5) 239] RADIUS(10) 394] DDDXT
6|RBIGB 85 XMAX(6) ¥ ¥ 395| DDDXH
~T |RBIGR 86 [xMax(7) 279] RADIUS(50) 396] RS
8 | ROMEGN 871 XMAX(8) 280} vF1{1) 397] SIGPHI .
RSID 88 XMAX(9) 281} VF1(2) 398] DL ]
10 |[RCHORD 89 [xmax(10) 282[VF1(3) 399] RPM
11 |[RTHRUS + + 283] vFi(k) 00| SPAF
12 |RTORQ 129 | XMAX(50) 284 vF1(5) L01| XMXTIP
13 |{RBETA 130]YMAX (1) 285] vri(6) 402 PR
14]TCASE 131][yMax(2) 286| VF1(T) 03| DF
15 [TETA [132] YMAX(3) 287] vr1(8) OL[ TT2
16 |[TBIGB 133fyMAx (k) 288] vri(9) L.05] PT2
17 |TBIGR 134 | YMAX(5) 289 vF1(10) 06] ALFA
18 | TOMEGN 135] YMAX(6) Y1 4 LOT] FN
19[TSID 136 | YMAX(7) 3291 VF1(50) 08| COMB
20 {TCHORD 137/ YMAX(8) 330/ ALF(1) 1,091 THRUST
21 |TTHRUS 138{YMAX(9) 331] ALF(2) L10] WTFL
22 |TTORQ 139] yMAX(10) 332] ALF(3) 111 AREAJ
23| TBETA + ¥ 333[ALF(L) 1,12] PSUBA
24 [PPWR 1358, [179[yMAX(50) 334 ALF(5) 1,13 TSUBA
25|DIA 180 PaMax (1) 335] ALF(6) L1L} TSUBT
26 |BIGB 181|PHMAX(2) 336] ALF(T) 15| TSUBJO
27 |RPMP 1210. |182| PEHMAX(3 337| ALF(8) 16| ALFAJ
28] ANMPRP 183 PHMAX (L) 338/ ALF(9) 17| ROTR
29 [cHORDP 184 {PEMAX(5) 33 ALF(10) 18| RP
30 |PATH(1) 185 [PHMAX(6) ¥ ¥ 19| FANS
31 [PATH(2) 186|PHMAX(T) 379 ALF(50) 20| RJ
32 |PATH(3) 187| PHMAX(8) 380] XPRZRO 21| E
33 [PATH(}) 188{PHMAX(9) 381] YPRZRO
3L [PATH(5) 189| PHMAX(10) 382] THMAXO
35|PATH(6) ¢ ¥ 383] AZERO
36 PATH(E% 229 | PHMAX(50) 3gh TINC
PATH 230[raDIUS(1 385] ANMFPT
:gg‘PATH 9 231|RADIUS(2) 386] HPENG
39 |PATH(10) 232|RADIUS(3 387| SLEVEL
¥ ¥ 233|RADIUS( 4 388] ANENG
PATH(50)] 234|RADIUS(5 389] DIAT

Figure 37. Form 2 for Example 1, Segment L
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V/STOL NOISE MODEL

FORM 2
CcAsE: Dxample 1 DESCRIPTION:
FLIGHT SEGMENT NUMBER: 5 .
T,0C [VARIABLE|] VALUE |LOC|[VARIABLE | VALUE [LOC]VARIABLE | VALUE {LOC| VARIABLE VALUE
1|5AZ 80|xMAX(1) 235| RADIUS(6) 390| DIAH
2 |SEG 81} xMAxX(2) 236) RADIUS(T) 391] B
3 |FLTYPE 82| xMAx(3) 237| RADIUS(8) 392] BPR
1y |RCASE 83 (L) 238/ RADIUS(9) 393| CHORD
5 {RETA 8L XMAX(5) 239] RADIUS(10 ) 394 DDDXT
6|RBIGB 85 [XMAX(6) ¥ 4 395| DDDXH
T|RBIGR 86 1 xMAX(T) 279] RADIUS(50]) 396] RS
8 |ROMEGN 87]XMAX(8) 280 vF1(1) 397} SIGPHI
9 |[RSID 88| xMax(9) 2811 vF1(2) 398| DL
10 |[RCHORD 89 | xMAX(10) 282] vF1(3) 399] RPM
11 |RTHRUS ¥ + 283| vr1(h) 00| SPAF
12 |RTORQ 129 | xMAX(50) 284 VF1(5) Lo1| XMXTIP
13|RBETA 130] YMAX(1) 285|vr1(6) Lo2| PR
14| TCASE 131 YMAX(2) 286] vF1(7) L4o3| DF
15| TETA 132[yMax(3) 287 vF1(8) Lol| TT2
16 |TBIGB 133 YMAX(L) 288| vF1(9) Los| PT2
17| TBIGR 134 [yMax(5) 289} vF1(10) 06| ALFA
18 {TOMEGN 135 YMAX(6) ¥ v LOT7| FN
19 |TSID 136 YMAX(T) 329] VF1(50) 08| COMB
20 | TCHORD 137] YMAX(8) 330[ ALF(1) 1,09] THRUST
21 | TTHRUS 138]yMAX(9) 331] ALF(2) L10] WTFL
22 [TTORQ 139 ¥MAX(10) 332] ALF(3) 11| AREAJ
23| TBETA ¢ + 333] ALF( k) 412 PSUBA
24 |PPWR 1480, 1179|YMAX(50) 334 ALF(5) 13| TSUBA
25]DIA 180 PHMAX(1) 335] ALF(6) L1 k| TSUBT
26 |BIGB 181 |PHMAX(2) 336 ALF(7) 1,15] TSUBJO
27 |RPMP 1okg. |182|PEMAX(3) 337[ ALF(8) L16] ALFAJS
28| ANMPRP 183|PHMAX (L) 338] ALF(9) L17] ROTR
29 [CHORDP 18L | PEMAX(5) 339] ALF(10) 18| RP
30 [PATH(1) 185 PHMAX(6) ¥ v L19] FANS
31 |PATH(2) 186 | PEMAX(7) 379] ALF(50) L20[ RT
32 |PATH(3) 187[PHMAX(8) 380] XPRZRO 21l E
33 [PATH(L) 188| PHMAX(9) 381] YPRZRO
3L |PATH(5) 189 | PHMAX(10) 382] THMAXO
35 |PATH(6) + ¥ 383] AZERO
36 |PATH(T) 229 PEMAX(50) 38L] TINC
'%% PATH(8) 230{RADTUS (1) 3851ANME?T
PATH(9) 231|RADIUS(2) 386] HPENG
39 [PATH(10) 232|RADIUS(3 387] SLEVEL
+t 1 ¥ 233|RADIUS (4 388] ANENG
79 [PATH(50) 23LRADIUS(5) 380] DIAT

Figure 38. Form 2 for Example 1, Segment 5
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Turboshaft Engine

FORM 5

V/STOL NOISE MODEL

Noise

VARTABLE PROG FLIGHT PATH SEGMENT NUMBER
NAME 2 3 L 5
Power output hp |HPENG
Noise level curve (a) SLEVEL
Number of engines ANENG
" VARIABLE PROG FLIGHT PATH SEGMENT NUMBER
NAME 6 7 8 9 10
Power output hp |[HPENG
Noise level curve (a) SLEVEL
Number of engines ANENG
(a) 1 = average 2 = loud
CASE NUMBER: DESCRIPTION:
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——aEs

CORRELATION WITH MEASURED DATA

The program was run to determine its accuracy when applied to
existing V/STOL aircraft. Data for two aircraft configurations, a
helicopter and a turbo-prop STOL, were used to determine the degree of
correlation with predicted levels.

Helicopter

The helicopter for which measured data was available is the
CH-53D transport helicopter at a gross weight of 36,000 pounds. Noise
measurements were made at several slant range positions for typical commer-
cial type take-offs and alrcraft operating parameters were monitored during
the flight. Figure Ul presents comparisons of the measured and calculated
values of maximum tone corrected Perceived Noise Level (PNLTpax) and of
Effective Perceived Noise Level (EPNL). The value of primary concern here,
the EPNL, as well as the PNLTpax shows good agreement between measured and
calculated levels. Figure 42 shows the very good agreement achieved between
the measured and calculated time histories of PNLT for two of the Figure b1
data points.

Figure 43 shows measured and predicted noise spectra at two azimuth
positions around the aircraft and Figure L4 shows predicted main rotor and
tail rotor rotational harmonics compared with a time averaged 2.5 Hz analysis
of measured data. In all cases it can be seen that there is good correlation
between measured and predicted levels.

Turboprop STOL

The data presented in Reference 36 for the McDonnell-Douglas 188
turboprop STOL aircraft was used to further demonstrate program accuracy.
The test described in Reference 36 was conducted at the National Aviation
Facility Experimental Center (NAFEC) near Atlantic City, New Jersey with
the alrcraft at a gross weight of 43,000 to 45,000 pounds. Figure 45 presents
the measured data along with the predicted EPNL and PNLTmax levels of takeoff.
The EPNL values show quite good correlation, however the calculated PNLT
values are a bit high although they are within one standard deviation of the
mean measured values. Part of the problem may be due to the fact that
aircraft operating parameters were not closely monitored during the flight
and they had te be estimated from material supplied by McDonnell-Douglas.
This is especially true for the landing case (Figure 46) where the agreement
between measured and calculated levels is not as good as for the takeoff case.
The agreement between measured and calculated levels in both takeoff and
landing cases is however, felt to be acceptable.

8l



Since reliable turbofan STOL aircraft noise data with sufficiently
detailed operating parameters were not available correlation was not checked
for the fan portion of the program. Because the fan noise program was
developed by an engine manufacturer (Pratt and Whitney Aircraft) from
measured full-scale engine data it is felt that reasonable accuracy will be

achieved with this program.
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EFFECTIVE PERCEIVED NOISE

TONE CORRECTED PERCEIVED

l lo L § 1 ] T L] T [ L] ) ]
© MEASURED DATA
105 -
= CALCULATED
& 100t d
w
o o5k -
>
w
-
90} -
85 1 1 | ] 1 ] 1 1 1 1
150 200 300 400 500 IK 2K
SLANT RANGE, FT
15 T T T T T ¥ T J I )
- O MEASURED DATA
m
© IO -
2
o
o losf CALCULATED .
>
Lut
- 100} -
w
@
SEECEY S -
90 i 1 1 1 1 1 [ 1 1 1
150 200 300 400 500 IK 2K
SLANT RANGE, FT
Figure Ul1. Comparison of Measured and Calculated EPNL and

Maximum PNLT Values for a Helicopter Takeoff
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75 L ' L i 1 1 'l 'l L 'l 1 A i
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TIME AFTER TAKEOFF , SECONDS
(o) TAKEOFF ONE

100
. 95F
m
©
2
a
1
o
F4
a

75 1 I 1 N 1 i L i | 1 [ 1 L

0 4 6 8 10 12 14 16 18 20 22 24 26 28 30
TIME AFTER TAKEOFF,SECONDS
(b) TAKEOFF Two

Figure 42, Comparison of Measured and Calculated PNLT Time History

for a Helicopter Takeoff
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FIGURE 43. Comparison of Measured and Predicted Helicopter

Noise Spectra.
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Y 1 L) 1 ] ] { |
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w
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2
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90 ! | i | 1 t 1 1
1.5 2 3 4 5 6 7 8 910
SLANT RANGE , FT X 1072
i20 T Y T T T T 7T
g" IH5F — CALCULATED 4
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Figure 45. Comparison of Measured and Calculated Take-—off

PNLTpgx and EPNL Values for a McDonnell-Douglas
188 (Breguet 941) Turboprop STOL Airplane
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CONCLUSIONS AND RECOMMENDATIONS

Conclusions

The procedure described herein will predict the noise radiated
by non-augmented lift V/STOL vehicles; in particular, it will
predict the Effective Perceived Noise Level of these vehicles
for typical take-off, landing, and cruise operations with an
estimated accuracy of + 2.5 EPNDB.

Comparisons of measured and predicted noise for a heavy trans-
port helicopter and for a four engine turbcprop STOL showed
agreement within 2 dB for EPNL comparisons and within 3 dB for
the maximum PNLT wvalues.

The program cannot yet be used to calculate the noise from
augmented 1ift STOLs because no generally accepted methods to
predict the noise frop these vehicles are currently available.
An undeflected jet noise prediction procedure is, however, in-
cluded to provide a baseline (minimum) estimate for those
aircraft using deflected jets for 1lift.

The program should not be used to predict the noise of those
VITOL vehicle types characterized by impulsive noise signatures.
This includes both blade/vortex interaction and high speed com-
pressibility (drag) impulsive noise. In fact, it is highly
questionable as to whether the PNL (PNLT) measure adequately
describes the annoyance of impulsive noise signatures. An
independent study conducted in 1970 (Ref. 37) showed that the
PNL method of predicting annoyance underpredicted the annoyance
of impulsive noise by more than 4 dB.

It should also be noted that, apparently, the adequacy of the
PNL (PNLT) measure of evaluating the annoyance of propeller

or fan noise whose spectral content is rich in harmonics of
the blade passage fregquency has also not been demonstrated.
Indeed, Adcock and Ollerhead concluded from a study of CTOL
and STOL annoyance measures that:

"A1l methods (of rating annoyance) were significantly less
consistent in estimating the noisiness of the STOL
aircraft than they were for the CTOL aircraft. However,
the difference could not be identified with any STOL per-
formance characteristic. It seems more likely that the
difference is associated with the fact that the STOL
aircraft were all propeller or rotor driven."
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Caution should, therefore, be exercised when evaluating the
annoyance of vehicles with such acoustic characteristics.

The rotor noise prediction method used was developed for current
state-of-the-art (NACA 0012 type) symmetrical airfoils and
linearly twisted blades. The method should not be used for
advanced blade designs having new airfoils with nonlinear chord

. and twist .distributions. As methods become available to predict

the noise characteristics .of these newly developed rotors, such
methods should be incorporated into this prediction procedure.

Recommendations

Methods to predict helicopter rotor impulsive noise should be
developed and incorporated into the V/STOL Noise Model. Recent
unpublished studies to develop a prediction method for high-
speed (compressibility) drag impulsive noise has shown encoura-
ging results in this direction.

Further research studies should be conducted to develop an
annoyance measure similar to EPNL which accounts for the added
annoyance of impulsive type noise signatures as well as harmonic
trains in the mid- to high frequency range typical of some
propeller configurations.

Procedures to predict the noise from augmented 1ift STOLs and
deflected jets should be developed and incorporated into the
V/STOL Noise Model.

Component noise prediction procedures should be updated or re-
Placed as newer, more accurate, or more efficient procedures are
developed.

The model should be modified at some future time to automatically
produce a series of EPNI~ slant Trange curves in punched computer
card form for ‘use in a V/STOL noise subroutine incorporated in
the NEM Mod-5 and Mod-6 programs at the Transportation Systems
Center.

A prediction method should be developed to predict the acoustic

characteristics of the more advanced single and coaxial rotor
configurations now under development.
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APPENDIX A
TONE CORRECTION CALCULATION PROCEDURE
The method for caleulating the tone correction applied to the

PNL to determine the PNLT is taken from Reference 31 and is presented below.
An example of the method is given in Table A-2.

Step 1.
Starting with the measured sound bressure level in the 80 Hz
one-third octave hand (band number 3), calculate the changes
in level, 8, (or "slopes") in the remainder of the 2k bands as
follows:
s(3) = no value (A-1)
s(k) = SPL(4) - SPL(3) (A-2)
s(i) = SPL(i) - SPL(i-1) (A-3)
s(2k) = SPL(2k) - spL(23) (A-L)
Step 2.
Encircle the value of the slope s(i) where the absolute value of
the change in slope is greater than five; that is, where
|as(1)] = Is(a) - si-1)] > s (a-5)
Step 3.

(a) If the encircled value of the slope s(i) is positive and
algebraically greater than the slope s(i-1), encircle the
level SPL(i).




(b) If the encircled value of the slope s(i) is zero or negative
and the slope s(i-1) is positive, encircle the level SPL(i-1).

(c) For all other cases, no level is to be encircled.

Step L.
omit all SPL(i) encircled in Step 3 and compute new levels as
follows:
(a) For non-encircled levels, let the new levels equal the original
levels,
SPL'(i) = SPL(i) (A-6)
(b) For encircled levels, let the new level equal the arithmetic
average of the preceding and following levels,
spL' (1) = 1/2  [SPL(i-1) + sPL(i+1)] (A=T)
{(c¢) If the level in the highest frequency band is encircled, let
the new level equal
SPL'(24) = SPL(23) + s(2k) (A-8)
Step 5.
Recompute new slopes including one for an imaginary 25-th band as
follovws:
s'(3) = s'(h) _ (a-9)
. s' (k) = SPL'(4) - SPL'(3) (A-10)
s'(i) = SPL'(i) - SPL'(i-1) (A-11)
st (2h) = SPL'(24) - SPL'(23) (A-12)
s'(25) = s'(2h) (A-13)
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Step 6.

Step 7.

Step 8.

Step 9.

Step 10.

Compute the arithmetic average of the three adjacent slopes as
follows:

51 =1/3 - [s1() + si(v1) + 51 (e2)] (acal)

Compute final adjusted levels by beginning with band number 3 and
proceeding to band number 24 as follows:

SPL"(3) = SPL(3) : (A-15)
SPL" (k) = SPL"(3) + s(3) (A-16)
SPLM" (i) = SPL"(i-1) + s(i-1) (A-1T7)
SPL"(24) = SPL"(23) + 5(23) (A-18)

Calculate the difference between the original and adjusted levels
as follows:

F(i) = SPL(i) - SPL"(i) (A-19)

and note only values greater than zero.

Tone correction levels C are determined for any one-third octave
band in accordance with Table A.1 or Figure A-1. However, only
the maximum one is used.

The value of PNLT is given by:

PNLT = PNL + Cmax (A-20)
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TONE CORRECTION C, dB

f <500 Hz
f >5000 Hz

5 10 15
LEVEL DIFFERENCE F, dB

Figure A-1. Tone Correction Factors
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TABLE A.1

TONE CORRECTION FACTORS

FREQUENCY LEVEL TONE
DIFFERENCE CORRECTION
f, Hz F, dB C, dB
Fe3 0
50 £ <500 35 F <20 F/6
20< F 31/
3
F <3 0
500 < £ <5000 3<F <20 F/3
- 20 F 62/
- 3
F <3 0
5000 < £ < 10000 35F<20 F/6
20 <F 32/,




TABLE A.2

EXAMPLE OF TONE CORRECTION CALCULATION

ol @ l6|® 0] ® O] ® |0 O
BAND F SPL S S SPL' s! g spL" F c
(i) Hz' dB aB dB aB dB dB dB dB dB
Step Step Step Step Step Step Step Step
1 2 L 5 6 7 8 9
1 50 - - - - - - - - -
2 63 - - - - - - B - _
3 80 | T0 - - 70 -8 | -21/3 | 70
i 100 | 62 -8 - 62 -8 | +3Y/3 | 672/3 -
5 125 @ 16 | T vg | +62/3 | T1 -
6 160 5 | +10 2 80 +9 | +22/3 | T775/3 ._:%/3
7 200 | 82 @ 8 82 +2 | -21/3 | 8ot/3 | 19/3
8 250 | @ = | v | 9} 3 a3 | 4 2/3
9 315 | 76 8 76 -3 |+ Y3 | 713
10 Loo 80 11 78 +2 |+l 78 2
11 500 80 0 b 80 +2 0 79 1
12 630 79 -1 1 79 -1 0 79 -
13 800 78 -1 0 78 -1 -3 1 1
1k 1000 | 80, | +2 3 80 w2 |-2/3 | 782/3 | 11/3
15 1250 | 78 -2 4 78 2 |-13 | 18 -
16 1600 | 76 -2 0 76 -2 f+ 13 | 11273 | -
A7 2000 é +3 5 19 +3 141 78 1
18 2500 +6 3 9 0o |- /3 79 6
19 3150 | 19 @ |12 79 o {-22/3 | 18%/3 | 1/3 ©
20 4000 | T8 =il 5 78 -1 |-6+/3 | 716 2
21 5000 | 71 6 T1 -7 |-8 692/3 | 1+/3
22 6300 | 60 | -I1 I 60 |-11 |-82/3 | 612/3 | -
23 8000 5k -6 5 54 -6 |-8 53 1 0
2 10000 L5 -9 3 L5 -9 |- 45 -
- =
| .
| Step 1 G)(i) -(3)(i-1) Step 6 K’D(() (1+1)
step 2 | (1) -(8)(i-1) (i+2
| Step 3 see instructions Step T 9)(i-1) + 8)(1—1
| Step L see instructions Step 8 : (1) -(9)(i)
| Step 5 @(i) —@(i—l) Step 9 ‘E’ee Table A.l
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APPENDIX B

SAMPLE PROGRAM CASES -~ INPUT/OUTPUT

Five sample cases are presented to demonstrate the operation of
* the program. Complete sets of the input along with the corresponding
program output are shown. For the sake of simplicity the flight path is
the same for all of the cases.

Table of Contents - Appendix B

Sample Case 1 B-2
Forms 1, 2, and 3 B-2
Input Coding Forms B-9
Computer Generated Ouput B-10

Sample Case 2 B-19
Forms 1, 2, and 4 B-19
Input Coding Form B-22
Computer Generated Ouput B-23

Sample Case 3 B-31
Forms 1, 2, and T B-31
Input Coding Form B-34
Computer Generated Output B-35

Sample Case 4 B-LY
Forms 1, 2, and 6 B-LY
Input Coding Form B-L7
Computer Generated Output B-48

Sample Case 5 B-57
Forms 1, 2, and 5§ B-57
Input Coding Form B-60
Computer Generated Output B-61

Input Data Cards B-T0
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FORM 1
V/STOL NOISE MODEL

CASE: Sample #1 DESCRIPTION: Checkout for Subroutine ROTOR

SEG

(a)
PATH

X'
max

(ft)

max
(ft)

(®)

® max
(deg)

Ve

(ft/sec)

a

(deg)

O o= O\ W Ta

R R R R Nl el el el ol ol
PO HEOWEN OV EWw O

N
A%

VIR ol \V]

1000.

2000.

1240.

60.

30.

5.
100.
150.
175.
175.

15.

10.
10.
20.

(a)
(b)

Flight path type:
Resitive for counterclockwise,

1 = helical,

2 = straight
negative for clockwise turns




V/STOL NOISE MODEL

FORM 2

CASE: Sample 1
FLIGHT SEGMENT NUMBER: 1

DESCRIPTION: Checkout for Subroutine ROTOR

OC|VARTABLE| VALUE [LOC|VARIABLE | VALUE JLOC VARIABLE | VALUE |LOC] VARIABLE VALUE
1{SAZ 1117. | 8ofxmax(1) | 1000. 235] RADIUS(6) 390] DTAH

21SEG 2. | 81xMax(2) 236| RADIUS(T) 391 B

3 |FLTYPE L. | 82[xMAX(3) 2000. |237[RADIUS(8) 392 BPR

L, IRCASE 2. 183 () 238/ RADTIUS(9) 393[ CHORD

5 |RETA -0 8LTxMAX(5) 239{RADIUS(10 39L4| DDDXT

6 |RBIGB 6. | 85[xMAX(6) + 4 395| DDDXH
“T|RBIGR 29.41 86[xMAX(T) 279] RADIUS(50) 396] RS

8 |ROMEGN 228 87]xMAX(8) 280] VF1(1) 397] SIGPHT

9 IRSID 0 881xMax(9) 281 vri(2) 75. [398] DL
10 |RCHORD 15 891xMAX(10) 282] vri(3) 100, 1399] RPM
11 [RTHRUS [8200. | + + 283|vri(L) 150, |4ool sPAF
121RTORQ [117000. |129|XMAX(50) 284IvF1(5) 175, [401] XMxTIP
13|RBETA 2. 1130]yMax(1) 0. |285]vFi(6) 175. 1402 PR
14]TCASE 2.51131 | yMAX(2) 286{vF1(T) 403} DF
15 |TETA 0.81132/¥YMAX(3) 3okg. [287| VFL(8) LolJ TT2
16|TBIGB 6. 1133/ ymMax(k) 288| vF1(9) 405] PT2
17|TBIGR 6.5 134 ymax(5) 289[ vF1(10) Lo6| ALFA
18 [TOMEGN | 1030. 135] YMAX(6) v 4 07| FN
19|TSID 0. [136]yMax(T) 329] VF1(50) 08| COMB
20 |TCHORD 9.2 [137]| YMAX(8) 330fALF(1) 15. |409] THRUST
21 [ TTHRUS 2150, [138]{¥yMax(9) 331/ ALF(2) 5 [L1ol woFrL
22| TTORQ 795. |139[YMAX(10) 332]ALF(3) 10, [411] AREAT
23 | TBETA 0.] + + 333] ALF(L) 10. |412] PSUBA
24 [PPWR 179 YMAX(50) 334] ALF(5) o0, [413] TSUBA
25 |DIA 180]PHMAX (1) 335| ALF(6) L4141 PSUBT
26 |BIGB 181 | PHMAX (2 60. 1336/ ALF(T) 415] PSUBJO
27 {RPMP 1821 PEMAX(3) 337] ALF(8) L16] ALFAT
28 [ ANMPRP 183{ PHMAX (L) 30. 13381 ALF(9) 417 ROTR 7.
29 | CHORDP 184 | PEMAX(5) 339] ALF(10) 418 rRP 0,
30|PATH(1) 2. |185|PHMAX(6) + ¥ L19] FANS 0,
31[PATH(2) 1. |186]PEMAX(T) 379] ALF(50) L20] RT 0.
32 {PATH(3) 2, 1187|PHMAX(8) 380 XPRZRO 500, |42l E 0.
33[PATH(L) 1. |188]PHMAX(9) 381] YPRZRO 500
34 {PATH(S) 2. |189|pHMAX(10) 382{ PTHMAXO 0

35 |PATH(6) vy 383] AZERO Q
36 |PATH(T) 229 | PEMAX(50) 38L] TINC 1
PATH{8) 230|RADTIUS(T) 385] ANMFPT )
PATH(9) 231|RADTUS(2)] 500, [386] HPENG

39 [PATH(10) 232] RADIUS(3) 387| SLEVEL

v ¢ 233|RADTUS(4 ) 500, [388| ANENG

9 |PATH( 50 234 |RADTUS(5) 389] DIAT

B-3
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V/STOL NOISE MODEL

FORM 2
CASE: Sample #1 DESCRIPTION:
FLIGHT SEGMENT NUMBER:__ o
TOC [VARIABLE] VALUE_|LOC|VARIABLE | VALUE |LOC VARIABLE | VALUE [LOC| VARIABLE VALUE
1{SAZ 80| xMax(1) 235| RADIUS(6) 390| DIAH
2 |SEG g1 lxmax(2) 236| RADIUS(T) 391] B
3 |[FLTYPE 82[xMax(3) 237| RADIUS(8) 392] BPR
RCASE 83 (L) 238] RADIUS(9) 393] CHORD
5 IRETA 8L xmax (5) 239| RADIUS(10 394 DDDXT
6|RBIGB 85 [xMAX(6) ¥ ¥ 395] DDDXH
~T [RBIGR 861 xMax(7) 279] RADIUS (50 396] RS
8 |ROMEGN 87[xMAX(8) 280[ vF1(1) 397] SIGPHI
9 |RSID 2. 881xMax(9) 2811 vF1(2) 398} DL
10 |RCHORD 89 [xMax(10) 282] vF1(3) 399] RPM
11 |RTHRUS ¥ v 283 vFL(L) 00| SPAF
12 |[RTORQ 129 | XMAX(50) 284 VF1(5) Lo1| XMXTIP
13 |RBETA 130] YMAX (1) 285| VF1(6) L02{ PR
14 |TCASE 131 YMAX(2) 286] VF1(T) 403| DF
15 |TETA 132| YMAX(3) 287 vF1(8) Lo4| TT2
16 |TBIGB 133] YMAX(}4) 288[vFr1(9) L05] PT2
17 |TBIGR 134 YMAX(5) 289] vF1(10) L06] ALFA
18 [TOMEGN 135 YMAX(6) + ¥ Lo7| FN
19 [TSID 136 | YMAX(T) 329 VF1(50) LOB[ COMB
20 |TCHORD 137 YMAX(8) 330[ ALF(1) 09| THRUST
21 | TTHRUS 138]yMaX(9) 331 ALF(2) 10| WIFL
22 [ TTORQ 139 | YMAX(10) 332] ALF(3) L11| AREAJ
23 | TBETA ¥ ¥ 333[ALF(L4) L,12] PSUBA
2L, [PPWR 179 ] YMAX(50) 334 ALF(5) T13[ TSUBA
25 |DIA 180 [PEMAX(1) 335/ ALF(6) L1k4| TSUBT
26 |BIGB 181 | PHMAX(2) 336/ ALF(T) 15| TSUBJO
27 |RPMP 182 PAHMAX(3) 337[ ALF(8) 16| ALFAJ
28 | ANMPRP 183 | PHMAX (%) 338] ALF(9) L17] ROTR
29 | CHORDP 184 | PHMAX(5) 339 ALF(10) 18] RP
30 |PATH(1) 185 | PHMAX(6) ¥ ¥ L19] FANS
31 [PATH(2) 186 | PEMAX(T) 379] ALF(50) L20] RJ
32 |PATH(3) 187 | PHMAX(8) 380] XPRZRO Lol E
33 |PATH( k) 188 PEMAX(9) 381] YPRZRO
3L [PATH(5) 189 | PHMAX(10) 382] THMAXO
35 | PATH(6) ¥ v 383] AZERO
36 |PATH(T) 229 | PHMAX{50) 38L] TINC
PATH(8) 230|RADIUS(1) 385] ANMFPT
PATH(9) 231|RADIUS(2) 386] HPENG
39 |[PATH(10) 232|RADIUS(3) 387] SLEVEL
v + 233|RADIUS (L) 388] ANENG
79 {PATH(50) 234 |RADTUS(5) 3B9] DIAT
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V/STOL NOISE MODEL

FORM 2
CASE: Sample #1 DESCRIPTION:
FLIGHT SEGMENT NUMBER: 3
OC | VARTABLE| VALUE |LOC|VARIABLE VALUE J1OC|VARIABLE | VALUE JLOC VARIABLE VALUE
1{5AZ 80]xMAX (1) 235| RADIUS(6) 390] DIAK
2|SEG 81| xMAX(2) 236/ RADIUS(7) 391 B
3 [FLTYPE 82| XMAX(3) 237} RADIUS(8) 392] BPR
4 JRCASE 83 (L) 238| RADIUS(9) 393| CHORD
RETA 8L 1 XMAX(5) 239] RADIUS(10 394 DDDXT
6 |RBIGB 85 ]xMAX(6) 4 ¢ 395| DDDXH
T |RBIGR 861 xmMax(7) 279/ RADIUS(50 396] RS
8 |[ROMEGN 87]XMAX(8) 280]VF1(1) 397] SIGPHT
9|RSID 5 88| xmMax(9) 2811 VF1(2) 398] DT,
10 |[RCHORD 89 | XxMAX(10) 282 vF1i(3) 399] RPM
11 |RTHRUS ¥ ¥ 2831 vr1(L) 00] SPAF
12 ]JRTORQ 1291 XMAX(50) 284|vF1(5) L01] XMXTTIP
13|RBETA 130 YMAX(1) 285|vr1(6) 402] PR
14 ]TCASE. 131[YMAX(2) 286|vr1(T) Lo3| DF
15|TETA 132 YMAX(3) 287/ vFr1(8) LoL 72
16 |TBIGB 133] yMax(h) 288| vr1(9) Los5] PT2
17|TBIGR . 134|YMAX(5) 289] VF1(10) Lo6l ATLFA
18 |TOMEGN 1351 YMAX(6) + ¢ LoT7I PN
19 |TSID 136] YMAX(T) 329/ VF1{50) 08| COMB
20 |TCHORD 1371 YMAX(8B) 330/ ALF(1) 409] THRUST
21 [TTHRUS 138] Max(9) 331[ALF(2) L 10 WTFL,
22|TTORQ 139 YMAX(10) 332]ALF(3) 411] AREAT
23 |TBETA } ¥ 333] ALF(L) 1412} PSUBA
2L |[PPWR 179| YMAX(50) 334 ALF(5) 41 3] TSUBA
25|DIA 180|PHMAX (1) 335} ALF(6) L1L4 TSUBT
26 |BIGB 181 | PHMAX(2) 336] ALF(T) 415 TSUBJO
27 |RPMP 182| PHMAX(3) 337/ ALF(8) L16] ATLFAT
28 | ANMPRP 183|PHMAX (L) 338 ALF(9) 417 ROTR
29 | CHORDP 184 | PHMAX(5) 33| ALF(10) 418 RP
30|PATH(1) 185|PEMAX (6) ¥ N L19] FANS
31[PATH(2) 186 |PEMAX(7) 3791 ALF(50) 420 RT
32|PATH(3) 187] PHMAX(8) 380] XPRZRO 3
33PATH(L) 188|PHMAX(9) 381| YPRZRO
34 |PATH(S) 189 | PHMAX(10) 382] THMAXO
35 |PATH(6) v ¥ 383] AZERO
36 [PATH(T) 229 | PHMAX(50) 38L4] TINC
37|PATH{8) 230{RADIUS(1) 385] ANMFPT
PATH(9) 231 RADIUS(2) 386{ HPENG
39 |PATH(10) 232 RADTIUS(3) 387] SLEVEL
¥ v 233|RADIUS (L) 388| ANENG
9 {PATH(50 234 RADTIUS(5) 3891 DTAT
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V/STOL NOISE MODEL

FORM 2
CASE: Sample #1 DESCRIPTION:
FLIGHT SEGMENT NUMBER: L
T.0C [VARTABLE| VALUE |LOC} VARTABLE VALUE JLOC]VARIABLE | VALUE |LOC| VARTABLE VALUE
1{SAZ 80}xMAX(1) 235| RADIUS(6) 390| DIAH
2 |SEG 81xvax(2) 236 RADIUS(T) 391] B
3 |FLTYPE 82 xMAX(3) 237| RADIUS(8) 392| BPR
RCASE 83 (L) 238| RADIUS(9) 393[ CHORD
5 [RETA 8L xMax(5) 239 RADIUS(10 39h| DDDXT
6 |RBIGB 85 [XMAX(6) ¥ ¥ 395] DDDXH
~T|RBIGR 86 xMax(7) 279] RADIUS (50 396| RS
8 [ROMEGN 871xMAx(8) 280} VF1(1) 397| SIGPHI
9 |RSID 5, 881xMax(9) 281] vF1(2) 398] DL
10 |RCHORD 89 xMaX(10) 282| vF1(3) 399] RPM
11 |RTHRUS ¥ ¥ 283 VF1(h) Loo| SPAF
12 |RTORQ 129 | XMAX(50) 284 vFL(5) Loi| xMxTIP
13 |RBETA 130] YMAX (1) 585| VFL1(6) 402| PR
14]TCASE 131 YMAX(2) 286| vFL(T) L03| DF
15 | TETA 132{ YMAX(3) 287 vF1(8) LOL| TT2
16 |TBIGB 133 YMAX(}4) 288] vr1(9) 05| PT2
17 |TBIGR 134 | YMAX(5) 289 vF1(10) 06| ALFA
18 [TOMEGN 135 YMAX(6) v + LOT| FN
19 [TSID 136 YMAX(T) 329] VF1(50) 5,08] COMB
20 | TCHORD 137 YMAX(8) 330] ALF(1) L09| THRUST
21 | TTHRUS 138 YMaX(9) 331 ALF(2) 1,10] WTFL
22 |TTORQ 139 | YMAX(10) 332} ALF(3) L11] AREAJ
23 |TBETA ¥ ¥ 333[ALF(}4) L12] PSUBA
24 |[PPWR 179 | YMAX(50) 3L ALF(5) 13| TSUBA
25 |DIA 1.80 | PHMAX (1) 335] ALF(6) 1L TSUBJ
26 |BIGB 181 | PHMAX(2) 336] ALF(T) 15| TSUBJO
27 |RPMP 182 PHMAX(3) 337 ALF(8) 16| ALFAJ
28 | ANMPRP 183 | PHMAX(4) 338 ALF(9) 117| ROTR
29 | CHORDP 181 [PHMAX(5) 330 ALF(10) 1,18] RP
30 |PATH(1) 185] PHMAX(6) ¥ ¥ ;19| FANS
31 |PATH(2) 186 | PHMAX(T) 379] ALF(50) 1,20 RJ
32|PATH(3) 187 | PHMAX(8) 380] XPRZRO L21[ E
33| PATH(L) 1688|PHMAX(9) 381 YPRZRO
3L [PATH(5) 169 | PHMAX(10) 382 THMAXO
35 |PATH(6) ¥ ¥ 383| AZERO
36 |PATH(T) 229 | PHMAX(50) 38L{ TINC
7IPATH(8) 230|RADIUS (1 385 ANMFPT
PATH(9) 231|RADIUS(2) 386| HPENG
39 |PATH(10) 232| RADIUS(3) 387] SLEVEL
¥ ¥ 533|RADIUS(}4) 388] ANERG
79 [PATH(50) 23L{RADIUS(5) 389] DIAT _




V/STOL NOISE MODEL

FORM 2
CASE: _gSample #1 DESCRIPTION:
FLIGHT SEGMENT NUMBER: 5
OC |VARTABLE| VALUE |LOC|VARIABLE | VALUE |LOC|VARIABLE | VALUE JLOC] VARIABLE VALUE
1{SAZ 80 xMAX(1) 235[ RADIUS(6) 390| DIAH
2 |SEG 81 [xMax(2) 236] RADIUS(T) 391] B
3 |[FLTYPE 82| XMAX(3) 23T/ RADIUS(8) 392| BPR
I |RCASE 83 () 238| RADIUS(9) 393] CHORD
5 |RETA 8L [XMAX(5) 239/ RADTUS{10 39L] DDDXT
6|RBIGB 85| XMAX(6) 4 4 395| DDDXH
“T{RBIGR 86 [xMAX(T) 2T9] RADIUS(50) 396| RS
8 | ROMEGN 87| XMaX(8) 280 VF1(1) 397] SIGPHI
9 |RSID >. | 88]3MAX(9) 281 VF1(2) 398 DL
10 |RCHORD 89 |xMax(10) 282{ vF1(3) 399] RPM
11 |RTHRUS + ¥ 283| vF1(L) Loo| SPAF
12 |RTORQ 129 xMax(50)" 284 vr1i(5) 01] XMXTIP
13 |RBETA 130{YMAxX(1) 285|VF1(6) Lo2| PR
14} TCASE 131| YMAX(2) 286| VFL(T) 403| DF
15 |TETA 132] YMAX(3) 287]vF1(8) LOL[TT2
16 |TBIGB 133] YMAX(L) 288| vr1(9) L0O5] PT2
17 [TBIGR 134 ] YMAX(S) 289 vr1(10) Lo6| ALFA
18 |TOMEGN 1351 YMAX(6) y ¢ OT] FN
19 [TSID 136 | YMAX(7) 329] VF1(50) 08[ COMB
20 |TCHORD 137 YMAX(8) 330| ALF(1) 09] THRUST
21 [TTHRUS 138]YMAX(9) 331] ALF(2) L10] WTFL
22 | TTORQ 139] yMax(10) 332 ALF(3) L11] AREAT
23 |TBETA + ¥ 333[ALF(L) 412] PSUBA
21 [PPWR 1358. [179]Max(50) 33L[ALF(5) 13] TSUBA
25 |DIA J180{PEMAX (1) 335| ALF(6) 14f TSURT
26 |BIGB 181 |PHMAX(2) 336/ ALF(T) 141 5] TSUBJO
27 |RPMP 1210. [182{PHMAX(3) 337] ALF(8) L16] ALFAT
28 | ANMPRP 183|PEMAX (L) 338[ALF(9) 117 ROTR
29 | CHORDP 184 | PHMAX(5) 339 ALF(10) L18] RP
30 |PATH(1) 185|PHMAX(6) ¥ ¥ L19] FANS
31 [PATH(2) 186 PHMAX(T) 379] ALF(50) 120 RT
32|PATH(3) 187 | PHMAX(8) 380] XPRZRO 21 E
33|PATH(L) 188{PaMAX(9) 381] YPRZRO
3L [PATH(5) 189 PHMAX(10) 382[ THMAXO
35 |PATH(6) + + 383] AZERO
36 |PATH(T) 229 PHMAX(50) 38L| TINC
PATH(8) 230}RADIUS(1) 385| ANMFPT
PATH(9) 231|RADIUS(2) 386] HPENG
39 [PATH(10) 232| RADIUS(3) 387] SLEVEL
v + 233|RADIUS (L) 388| ANENG
T9|PATH(50) 23L|RADTUS(5 389 DIAT
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CASE: _Sample #2

DESCRIPTION:

FORM 1
V/STOL NOISE MODEL

Checkout case for subroutine PROP

(a)
SEG PATH

Xl YI

max max
(ft) (ft)

(p)

¢ max
(deg)

RADIUS
(£t)

Ve

(ft/sec)

% n
(deg)

MDD

e lio T o )RV, NPT S RE)

1000.

2000. 12ko.

60.

30.

500.

500.

75.
100.
150.
175.
175.

15.

10.
10.
20.

(a)
(b)

Flight path type:

l=helical, 2=straight
Positive for counterclockwise, negative for clockwise turns
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V/STOL NOISE MODEL

FORM 2

CASE: Sample #2 DESCRIPTION: Checkout for Subroutine PROP
FLIGHT SEGMENT NUMBER: T oince parameters do not change from segment
I to segment only dummy inputs will be
provided for segments 2- 5 (see coding sheet)

F@: VARIABLE| VALUE |LOC|VARIABLE | VALUE |LOC|VARIABLE | VALUE |L.OC| VARTABLE VALUE
1{SAZ 1146. | 8o|xmMax(1) {1000. |235{RADIUS(6) 390{ DIAH
2 | SEG 5. 1 81]xmax(2) 236] RADIUS () 391[ B
3 |[FLTYPE T. | 82| XMAX(3) |2000. |237|RADIUS(8) 392] BPR
RCASE 83 (1) 238[ RADIUS(9) 393| CHORD
5 |[RETA 8L1xMax(5) 239 RADIUS(10 39L] DDDXT
61RBIGB 85 [xMAX(6) + ¥ 395| DDDXH
~T|RBIGR 86 xMAX(7) 279 RADIUS(50) 396| RS
8 | ROMEGN 87 [ XMAX(8) 280{VF1(1) 7 |1397] SIGPHI
9 |RSID 88 [ xMAX(9) 281[vFL(2) 100, |398] DL
10 |RCHORD 80 [xMaX(10) 282] vF1(3) 150. (399] RPM
11 |RTHRUS ¥ ¥ 283] vF1(L) 175, |400| SPAF
12 |RTORQ 129 | xMAX(50) 28L] vF1(5) 175, 401} XMXTIP
13 |RBETA 130] yMax (1) 0. |285]vFi(6) Lo2| PR
1L JTCASE. 131[YMAX(2) 286{VF1(T) L4o3| DF
15 |TETA 132]yMax(3) [L2ho. 287 vF1(8) Lol] TT2
16 |TBIGB 133]yMAxX (L) 288] VF1(9) L05] PT2
17 |TBIGR . 134T yMax(5) 289] VF1(10) Lo6] ALFA
18 ITOMEGN 135 YMAX(6) ¥ ¥ LoT] FN
19 [TSID 136 | TMAX(7) 329| VrF1(50) L,0B| COMB
20 |TCHORD -~ 1137{YMAX(8) 330 ALF(1) 15 1409| THRUST
21 | TTHRUS 138 MAx(9) 331 ALF(2) = |L10] WIFL
22 |TTORQ 139] YMAX{10) 332 ALF(3) 10, 411} AREAJ
23 | TBETA + ¥ ) 333] ALF(4) 10, |412] PSUBA
2L |PPWR 3260. |179[¥MaX(50) 334} ALF(5) 0. |413] TSUBA
25 |DIA 13.5 |180(PHMAX(1) 335| ALF(6) L1L] TSUBJ
26 |BIGB L. |181]pHMAX(2) 60.  |336]ALF(T) 1,15] TSUBJO
27 |RPMP 1020, 1182| PHMAX(3) 337[ ALF(8) 1,16] ALFAJ
28 | ANMPRP . |183|PEMAX (k) 20, 1338] ALF(9) L17] ROTR 0.
29 | CHORDP . 75[18L [ PHMAX(5) 339/ ALF(10) 18] RP 1.
30 [PATH(1) 2. |185|PHMAX(6) ¥ ¥ 4,19] FANS 0.
31|PATH(2) 1. J186|PHMAX(T) 379] ALF(50) 5,20] RJ 0.
32{PATH(3) 2. |187|PHMAX(8) 380] XPRZRO o500, [4L21] E 0.
33 |PATH (k) 1. |188]PHMAX(9) 381] YPRZRO 500.
3L [PATH(S) 2. |189[pHMAX(10) 382| THMAXO 0.
35 |PATH(6) ¥ ¥ 383] AZERO 0.
36 |PATH(T) 229 | PHMAX(50) 38L| TINC 1.
_g% PATH(8) 230|RADIUS(1) 385] ANMFPT 1.
PATH(9) 231 |RADIUS(2)] 500. |386] HPENG
39 |PATH(10) 232|RADIUS(3) 387| SLEVEL
+ 1 ¥ 233[RADIUS(4 )} 500. |388] ANENG
79 {PATH(50) 234 |RADIUS(S) 389] DIAT
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FORM 1
V/STOL NOISE MODEL

CASE: _Sample #3 DESCRIPTION: Checkout Case for Subroutine FAN

(a) (v)

SEG PATH X! Y' RADIUS v o
max max ¢ max f n

(£t) (ft) (deg) (£t) (ft/sec) {deg)

1000. 0. - - 5. 15.

- 60. 500. 100. 5.
2000. 12L0. - - 150. 10.
- - 30. 500. 175. 10.
- - - - 175. 20.

[ASI SR I o V]

O o= O\ =W

(a) Flight path type: 1 = helical, 2 = straight
(b) Positive for counterclockwise, negative for clockwise turns
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V/STOL NOISE MODEL

FORM 2

CASE: Sample #3 DESCRIPTION: Checkout case far suhroutine AN

FLIGHT SEGMENT NUMBER: 1 Since parameters do not change from segment

to segment only dummy inputs will be provided
for segments 2 - 5 (see coding sheet).

OC |VARTABLE| VALUE |LOC|VARIABLE | VALUE |L.OC]VARIABLE | VALUE JLOC| VARIABLE VALUE
1[SAZ 1080. | go|xmax(1) [1000.  |o35| rapTUS(6) 390] DIAH 20.2
2 |SEG 2- | 8axmax(2) 236| RADIUS(T) 391 B 46.
3 |[FLTYPE 1. | 821xMAX(3) Ppoog,  |237]RADIUS(8) 392] BPR c
L|RCASE 83 () 238 RADIUS(9) 393[ CHORD ), =R
5 [RETA 8L {xmax(s5) 239] RADIUS (10 394] DDDXT -
6 |RBIGB 85 {xMAX(6) ¥ ¥ 395| DDDXH kL
~T |RBIGR 86 [ xMax(7) 279]RADIUS(500 - |396/ RS _10.78
8 |[ROMEGN 87 xMAX(8) 280f VF1(1) 75. 1397 SIGPHI 0o
9 [RSID 88{xmMax(9) 281 VF1(2) 100, 1398] DL 2

10 |RCHORD 89 |xMax(10) 282| vF1(3) 150. [399] RPM  L690

11 |RTHRUS ¥ ¥ 283| vFi(L) 175. |400] SPAF 20.6

12 |RTORQ 129|xMAX(50) 284 VF1(5) 175. [hol] XMXTIP .331

13 [RBETA 130 yMaX (1) O.  [285]vF1(6) 1402[ PR 1.317

1L ITCASE 131]YMAX(2 286| vF1(7) 403| DF L5l

15 |TETA 132]yMax(3) [=40-  1287]vF1(8) 4041 TT2 21,

16 [TBIGB 133] YMAX (k) 288| vr1(9) Lo5| PT2 29.90

17 |TBIGR 134 [ YMAX(5) 289 vF1(10) 06] ALFA 0.

18 |TOMEGN 135] YMAX(6) ¥ } LoTl FN 1,

19[TSID 136] MAX(T) 329] VF1(50) 08| COMB 1,

20 {TCHORD 137|YMAX(8) 330] ALF(1) 15. |Log| THRUST

21 [TTHRUS 138} YMAX(9) 331[ ALF(2) 5, |410] WIFL

22 [TTORQ 139] yMax(10) 332 ALF(3) 10. [b11] AREAT

23 |TBETA + + 333] ALF(L) 10, [412] PSUBA

2L |PPWR 179 YMAX(50) 33L[ALF(5) 20, |L13] TSUBA

25 IDIA 180[PHMAX (1) 335[ ALF(6) L1L] TSUBT

26 |BIGB 181|PEMAX(2) | 4o [336]ALF(T) 15| TSUBJO

27 |RPMP 182] PHMAX(3) 337] ALF(8) 16] ALFAJ

28 | ANMPRP 183} PaMAX (L) 30 |1338| ALF(9) L17TROTR 0.

29 { CHORDP 184 | PEMAX(5) 330l ALF(10) 418} RP 0e

30 [PATH(1 2. |185[PEMAX(6) Yl o¢ 419] FANS 1,

31 [PATH{?2) 1 186 PHMAX(T) 3791 ALF(50) 1320] RJ 0.

32 |PATH(3) <. 1187{PHMAX(8 380] XPRZRO 2500. [421} E 0.

33 [PATH(L) 1. |188[pmMAX(9) 381] YPRZRO c00

34 [PATH(S) 2. |189]|PHMAX(10) 382] THMAXO 0
35 |PATH(6) + + 383] AZERO 0.

36 [PATH(7) 229 | PHMAX(50) 384] TINC o
37 |PATH(8) 230 | RADIUS(1 385] ANMFPT 1.

PATH(9) 231|RADIUS(2)|  500. |386] HPENG

39 |PATH(10) 232|RADTUS(3 387] SLEVEL
+ + 233|RADTUS(4 )] 500. [388] ANENG
79 |PATH(50) 234 |RADIUS(5) 380 DIAT £5
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CASE:_ Sample #L

FORM 1
V/STOL NOISE MODEL

DESCRIPTION:_ Checkout for Subroutine AJET

SEG

(a)
PATH

X! Y! ¢ RADIUS A a
max max max (tt) f n

(ft) (ft) (deg) (ft/sec) | (deg)

O OOV W~

NN =N

1000. 0. - - 75. 15.

- 60. 500. 100. 5.
2000. 124k0. - - 150. 10.
- - 30. 500. 175. 10.
_ - - - 175. 20.

(a)
(v)

Flight path type: 1 = helical, 2 = straight
Positive for counterclockwise, negative for clockwise turns

B-L)




c

CASE:
FLIGHT SEGMENT NUMBER: 1 __

Sample #h

V/STOL NOISE MODEL

FORM 2

DESCRIPTION:

Checkout for subroutine AJET

Since parameters do not change from segment to

segment only dummy inputs will be provided for
segments 2 - 5 (see coding sheet)

LOC | VARTABLE| VALUE _|L.OC|{VARIABLE | VALUE [LOC]VARIABLE | VALUE |LOC| VARIABLE VALUE
1{SAZ | 1217. | 8o|xmax(1) ! 1000. [o35|RaDIUS(6) 390 DIAH
2 |SEG 5, | 8xrjxMax(2) 236| RADIUS(7) 391{ B
3 |FLTYPE 1. 82 XMAX(3) 2000, |23T|RADIUS(8) 392] BPR
L [RCASE 83 (4) 238]RaDIUS(9) 393| CHORD
RETA 84| XMAX(5) 239] RADIUS(10 ) 3941 DDDXT
6 [RBIGB 85| xMax(6) ¥ ¥ 395| DDDXH
T{RBIGR 86 [xMax(7) 279] RADIUS (50} 396| RS
8 |[ROMEGN 871xMAX(8) 280l vF1(1) 75. {3971 SIGPHI
9 [RSID 88| xMAX(9) 281 VF1(2) 100. [398] DL
10 |RCHORD 89 [xMax(10) 282] vF1(3) 150. {399} RPM
11 |RTHRUS v + 283] vF1i(L) 175, |400] SPAF
12 JRTORQ 129 | XMAX(50) 284 VF1(5) 175, [401] XMXTIP
13|RBETA 130fyMAX(1) . 1285} vFi(6) L402| PR
14| TCASE . 131 YMAX(2) 286| vr1(T7) 403l DF
15 |TETA 132]yMax(3) fqohg  [287]VFL(8) oL] TT2
16 |TBIGB 133 yMax(h) 288] vr1{9) L05| PT2
17 |TBIGR 134 TYMAX(5) 289] vF1(10) L06| ALFA
18 | TOMEGN 135 YMAX(6) v+ 07| FN
19[TsID 136 | YMAX(T) 329} VF1(50) 108 COMB
20 [TCHORD 137 YMAX(8) 330] ALF(1) 15, {409 THRUST 10000
21 |TTHRUS 138]YMAX(9) 331] ALF(2) o |410] WTFL 170
22 | TTORQ 139 YMAX(10) 332] ALF(3) 10, |411] AREAT 2,18
23 |TBETA v + 333[ALF(L) 10, |412] PSUBA 29,92
2L |PPWR 1791 YMAX(50) 334] ALF(5) oq, [B13[ TSUBA 50,
25 |DIA 180|PHMAX(1) 335] ALF(6) 414 TSUBJ 1000,
26|BIGB 181 | PEMAX(2 60. [336]ALF(T) L15] TSUBJO 1000, _
27 |RPMP 182| PEMAX(3 337/ ALF(8) 416] ALFAJ 0,
28 ANMPRP 183 PaMax (L 30. |338/ALF(9) 117 ROTR 0,
29 | CHORDP 184 | PHMAX (5 ALF(10) 418 RP 0.
30 [PATE(1) o [185|PEMAX(6) + ¥ 419] FANS 0.
31 [PATH(2) 1. |186]PHMAX(T) 379] ALF(50) 120 RT 7.
32 [PATH(3) o> 1187|PHMAX(8) 380 XPRZRO o500, [L21] E 0.
33[PATH(L) 1. |188{PEMAX(9) 381] YPRZRO 500
3L IPATH(S) o |189IPEMAX(10) 382| THMAXO 0.
35{PATH(6) ¥ ¥ 383] AZERO 0.
36 [PATH(T) 229 | PEMAX(50) 38L] TINC i
PATH(8) 230 |RADTUS(1 385] ANMFPT 1.
PATH(9) 231|RraDTIUS(2)] 500. 1386] HPENG
.39 |PATH(10Y) 232 RADIUS(§%f7 387] SLEVEL
v | ¥ 233} RADTUS (L) 50q  |38B] ANENG
PATH(50) 23LRADTUS(5) 389] DTAT
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CASE

: Sample #5

DESCRIPTION:

FORM 1
V/STOL NOISE MODEL

Checkout for Subroutine ENZINE

SEG

(a)
PATH

Xl
(ft)

Yl
max

(ft)

(v)

max
(deg)

?

RADIUS
(ft)

Ve

(ft/sec)

(deg)

O = OV =W

(AT S A SR T V)

1000.

2000.

1240.

60.

30.

500.

500.

75.
100.
150.
175.
175.

15.

10.
10.
20.

(a)

Flight path type:
(b) Positive for counterclockwise, negative for clockwise turns

1 = helical,

B-5T7

2 =

straight




CASE:
FLIGHT SEGMENT NUMBER: 1

Sample #5

V/STOL NOISE MODEL

FORM 2

DESCRIPTION:

Checkout for subroutine ENGINE

Since parameters to not change from segment to

segment only dummy inputs will be provided for
segments 2 - 5 (see coding sheet).

L.OC | VARTABLE| VALUE {L.OC|VARTABLE | VALUE [LOC|VARIABLE | VALUE |LOC| VARIABLE VALUE
1{SAZ 1117. | 8o]xmMAx(1) [1000. |235|RADIUS(6) 390! DIAH
2 |SEG 5. | 81|xmax(2) 236] RADIUS(T) 391] B
3[FLTYPE 1 82|xMAX(3) Ionan . 1237|RADIUS(8) 392 BPR
L TRCASE 83 (L) 238| RADIUS(9) 393| CHORD
5 |[RETA 8L XMAX(5) 239} RADIUS(10 394] DDDXT
6|RBIGB 85 XxMAX(6) + ¥ 395| DDDXH
~TI’RBIGR 86 xmMax(T) 279] RADTUS(50) 396] RS
8 | ROMEGN 87 |XMAX(8) 280] vF1(1) 75. |397] SIGPHI
9 |RSID 88[xMax(9) 281} VF1(2) 100, 1398/ DL
10 |RCHORD 89 [xMAX(10) 282] vr1(3) 15Q. |399] RPM
11 |RTHRUS + ¥ 283]vri(L) 175. |400| SPAF
12 |RTORQ 129 | XMAX{50) 284] vF1(5) 175. |401] XMXTIP
13 |RBETA 130]YMAX(1) 0. |285{vFi(6) 402] PR
1L ]TCASE 131]YMAX(2) 286] vF1(T7) 403] DF
15| TETA 1321YmMAX(3) | 1oko. J28T]VFi(8) LOL] TT2
16 [TBIGB 133]ymax(l) 288] VF1(9) 1,05} PT2
17{TBIGR 134 ymMax(s) 289[ vF1(10) 06] ALFA
18 | TOMEGN 135 ] YMAX(6) ¥ ¥ 07| FN
19]TSID 136 YMAX(T) 329[ VF1(50) 08| COMB
20 [TCHORD 137 MAX(8) 330{ ALF(1) 15, 1409] THRUST
21 |TTHRUS 138] YMAX(9) 331[ALF(2) 5 |410] WIFL
22 | TTORQ 139 [ YMAX(10) 332] ALF(3) 10. |411| AREAT
23 | TBETA 3 + 333]ALF(L) 19, |412] PSUBA
24 |PPWR 179 YMAX(50) 334] ALF(5) g, |413[ TSUBA
25 DTA 180|PHMAX(1) 335| ALF(6) 14| TSUBJ
26|BIGB 181]raMax(?2) 60. 336/ ALF(T7) 1,15] TSUBJO
27 |RPMP 182 PeMAX(3) 337[ALF(8) ~TL16] ALFAT
28 | ANMPRP 183|PAMAX (L) 30. [338] ALF(9) 17| ROTR n.
29 | CHORDP 184 | PHMAX(5) 339] ALF(10) 1,18] RP Q.
30 |PATH(1) 2. |185|PHMAX(6) ¥ ¥ L19] FANS 0.
31 [PATH{2) 1. [186]rEMAX(T) 379] ALF(50) 420 RT 0.
32 |PATH(3) 2. [187]PHMAX(8) 380] XPRZRO 250Q. 421 E 1,
33|PATH(L) 1. |188]pmMAX(9) 381] YPRZRO 50Q.
34 |PATH(5) 2. |189|PHMAX(10) 382] TEHMAXO Q.
35| PATH(6) vy ' 383] AZERO a.
36 |PATH(7) 229 PHMAX(50) 38L] TINC 1.
PATH(8) 230|RADIUS(1 385 ANMFPT 1.
PATH(9) 231]rapTUS(2)] 500. |386| RPENG 1500.
39| PATH(10) 232 RADIUS(3%H 387] SLEVEL 1.
¥ ¥ 233|RADTUS (4 )| 500. [3B8] ANENG 28
9 {PATH(50) 234YRADIUS(5) 380] DIAT
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FORM 5
V/STOL NOISE MODEL
Turboshaft Engine Noise

PROG FLIGHT PATH SEGMENT NUMBER
VARIABLE NAME 1 2 3 L 5
Power output hp| HPENG 1500 1500 1500 1500 1500
Noise level curve (a) SLEVEL 1 1 1 1 1
Number of engines ANENG 2 2 2 2 2
PROG FLIGHT PATH SEGMENT NUMBFR.
VARTABLE NAME | 6 7 8 9 10
Power output hp| HPENG
Noise level curve (a) SIEVEL
Number of engines ANENG
(a) 1 = average, 2 = loud
CASE NUMBER: Sample #5 DESCRIPTION: Checkout Case for Subroutine ENGINE

B-59




_\—Mw—vo_nw—wo_w_c_co mm_um_:u.—wn_mm vm—nml—wm—_m—om_mv_wq_»w_u;m;vd—nv N<~:— v_mm_mm—sm—wn_mn_vm_mm—~n—_n OM_QN_mw—uN—wm_mN_'N—MN—NN_—m—O~T_ —:T—_mn—:_n——n_—: o—_m —n ISLEARRRARS KA
TR | T T T -
! " { ' T ! “ . H ! i “x IR L 24

. ——t + : : i

m ! ~ , L s ! i - | { b
| ' 23
1
] [
. 11
EE T w ! o
: ! ! ; [a{
' 91
T 3 wlu
T “ £ T
T : } 13 T ey
— m e 1L F 1=
T S) 1”] 9] ; U i _ " | _ [T B .
Tz T UUST T | N <35 ol
- T ™0 0 U0 4 TS DI8TE 9 |
_ Ue 0T 5T 3 T T PlEE iy
TIT “TIT UTT TUT LT T I P
55 ) U $ 0 ] : “ _ ojetel ] |s
i | 0T 0 [ m‘" 0] _ : m 18 m_d 1l s
: ol UreT oy .o_____ o 1 Il v
: oo U ) ! 5 oot O Tz
] e Y z o m _~c« 4T
SE T TR EE LTy | | | .

wo—mu_vo_no_«w__w_cw—Om—mm—nm_um—mm vm_mm—wm ——m_om—an—mv—nv_ov—m;vw_nv Nv_—v_cv_on_mn—nm—wn—mn_vm_nm—wn_—n DnTN—mwﬁnw_wn—mw—vu_nw—nw—:u—o~_m_ m—_:—w;n——Q—_m_—Nu—:_O——o 8 — Llg|str t4 RS

§ (7314 v1va . h @314 viva ¢ @314 vlvad ¢ 01314 v1va T Q1314 viva ——
ANTONT 190 NI (-) NOIS SANIW ¥ NIVINOD 1SNW 3S¥D 40 Q¥vd viva LSy1 € @134 NOILVIO0]
"03SN 38 LSNW LYW404 w4, ¥0 3. NV JUO4FHIHL a1314 LNNOD auom

SUTINOIYNE IO FNONIIYYD

*INIOd TYWIO30 ¥ NIVINOD LSW G nuHl [ Sa713I4 viva 2

S4 os®) ordwsg UILSNPQY LHITY YIGWNN YIDILNI Nv 38 L1SAW Q1314 NOILYIOT "L
’ SNOILONYLSNT ONIQOD

B-60




- o

e g e T S LdAWNY 0T =

oyol 0o0° = ais
SNYHL 0o0° = N93W0
oyolL 00 = aIs
SNYHL 0o0* = N93W0
3 0° =Y 0° = SNvd 0°

222222 TS T LIRS T2 L 2] 24

00°
00°

00°
00°

dy 0°

QYOH
¥o18

ayoH
yo1d

¥l0

d

p)

-]

00°
go*

oo*
0o0°

00°Ss

= v139d
= @918

00°*
oo* =

= V13
A=WS

¢ S3TBVIYVA ¥OlOM IVl

= vi3g
= 8918

00*
go* =

= V13
N=WS

¢ S379VIYVA HOLO0Y NIVW

= 935 00°LI1IT = 2vS

$ S3T8VIHVA NOWWOD

INTFWO3S LHOINdexsnsnks st sad bbb rbrsns
shndaRsknpethiaannediksxSINAVIUHYA LNANI sk sanassat st ssdtehnsns

T TP TR P I P TR PR R PR A SR P S A PR PR RS R Rt P e SRR R R RS R ST 2 PSP RS R R SR R 222 222222

‘1
°1
‘02
*SLT

SsS

*0
e
‘0
*0T
LE-TA ¢
* 008
°0¢

‘1

‘0 ‘0
1 *005T
‘0 *005
*01 ‘g
*0S1 *00T
‘0 *00§
*0 *09
‘on2t 0
*0002 ‘0
2 1

1 T g

* *

* L

£h 1e

1NdNI Q¥vYI ¥3avol

- % %

(sutiur ) g osey arduesg

‘0

°1
*00s2
°S1
Omh
°0

*0

°0
‘0007
°e
LITT

L1h
S8t
08¢
oee
08¢
oge
08T
ogt
08

0o¢

D * ¥ -

IR ERREEERE AR B GREE R R R G AR P E RS E SRR AR E AR AR ERE R AR AR TR AR R IR R RS R R AR RSB R R E SRR R E R R R

B-61



-!li’0.60.’.’!9.0.!.6'!0!.0!!..l!ill..il.’.liil*Ql”!'li{llidii'{’iﬁ!ﬁiii.ii!’ii!06!#&”'0”!’6#.’*’!!&!QOOIG&QQQQGQQGQQI

e : 8 : — S E - 7

g€ I-
* LI
* %
9 2 N

0n* %

*
*
h

O % %
-8 *

*
€ 11 6 L] WNI0

INGNI QHYI ¥3Qvo"

.QlCQQl.'..0.!!.QiQQQQillll’liﬂldl.Illl.il#llilll'ili}{ii.Q.!{il'lﬁi!i!!{l’lili*{.!ii.'ili!.I&lQ.i{!ilill!l".‘l’i&!.'lQQ

0 00° 00° 00°S4T 00°02 §
8 ST28nT 86°9902 00°SLT 0o0°0T L]
- T o o o o ’ 92 hieeeet 00°0002 00°0ST o0o0°0T €
61 e0°0se 20°EChT 00°00T 00°S 4
€T go- 00°000T 00°SL 00°ST T
XVWINI NVIHEA Wv3uex 033dS VI3HL 93§
00°T 2 "1dJWNY - 00°—= OXYWHL —00°T-= INI1l ~0°00S = OHMZi¥dA 0°00S2 = OMZYdX 0O0° = 0Yy3zy -

¢ S38TVIMYA INIOd 01314

0° =vJ4VY 0°

s 0rsnsi [

S — v 1=

= rensi .oo. = vensy oo0° = vansd 00° = fv3dy 00° s ld4m 0 = 1SNYHL

S378VI¥VA 130

oo’ = Nd o00° = vdIv oo0° =8W0J> 00° =QY¥OR)
0o0* = dVdS 00° = dILXWX 00° = Hd o00° = 2id o0p° = 7d oo = Hxdaa oo* = ¥d8 o0° £ HvYIa
TTTTTTT 000 = Wdd 00° "= IHJ9IS “00° = 40 00° = TlL o0° T = sS4 0o0° = 1x0Q0a oo0° = 8 oo0° = 1via

¢ S3INBYIYVYA Nvd
0°2 = ON3WNN 0°T = I3A3NS 0°00ST = ¥IMOd

¢ S37GVINYA 3NION3I

0o0° = QYOHY 0° = dddWnNN  00° S Wdd 0°* = 8919 o00°

YI1g o° = ¥3mod

! S378VIYvA H3IT3doud

B-62



00° = QHOHY @©° = dddWnN 00°

0° = byol
= 0° = SNYHL
0° = DHol
0° = SNYHL

0°T = lddWNV 0°T = 3 0°

6o°
6o°

0o0°
00°

= hdd 0°
H ais 00°
= N93IWO 00°
= ais 00°
= N93WO 0o°
SNVYd 0* = dY 0°*

8918 00°
QYOH) 0o0°
¥o18 00°
QYOH) 00°
¥o18 00°
= ¥l0¥ 00°S

00°t = lddWNY 00° = OXVYWHL 00°F = INIL 0°00S = 0MZ2d¥dA 0°00S2
0* =v4v 0° = oransL o0° = rensl o0o0° = vensyt go° = vensd oo0° = rvy3dy 00°
00° = Nd o00° = vav
00° = 4vdS 00° = JdILXWX 00° = 444 00° = 21d 00° = 70 oo0° = Hxdaaoa
oo = Wdd 00° = IHd9IS 00* = 40 o0° = 2lL oo’ = sY¥y 00° = 1x0aa
0°e ONIWNN

= 0YZddx 00° = ou3zv

S3EIVI¥VA INIOd 01314

= q41m 0° = +m3¢1h

0o0°*
00°
00°

=8w0d 00° =QHOHD
= dd8 00° = Hv1d
= a9 o00° = 41vIO

SIANAYI¥VA NV

0°T = 13A371S 0°00ST = H3MOd

¢ S3TaVIHVA 3NIOSN3
= vI1Q o©o° = d3mod

t §3TBYIYVA ¥3ITI3dodd

= vi36 00° = V13
= 8914 00° = Y=nS

! SINOYIYYA HOLOH IVL

= vi38 p0°* = V13
= @91€ 00° = N=WS

¢ S3T8VIYVA HOLO0HW NIVW

= 935S 00°LIIT = 2vS

: S3TBVIYVA NOWWOD

AR RRRR e F kR kkdx e  INIWOIS LHOINdessssetn ke nndbbasbnes
AR phan xRk e ek Ax st 2 nSITEVIUVA LNINIsssxssrtsstassasdtsnsnns

S378VIY¥VYA 130

B-63



oc° = QHOHY o° = didWNN 00°

= WNdd 0° = 8918 o00° = vig o° = Y¥3mod

T SRS e SeEnEs B o T - : S3ITBYIHVA ¥IN3doNd

e e o o = ®owolL 00° = QIS 00° = QHOHD 00° = vi38 00° = Vi3
0° = SA¥HL  00° = N93WO 00° = ¥OI8 00° = @918 00° = XN-WS
ARSI SOS TR S i - ; . t SITBVINVA HOLOM TIVL
S - . " 0° = ouWol  00° = QIS 00* = OHOHD 00° = vi38 00° = Vi3
0 = SNHWHL _ 00° = N9IWO _ 00° = ¥9I8 00° = 8918 00° = MeWS

A e B < : _ t SINOVINYA HOLOM NIVW
= L © 0°T = LddWNY 0°T = 3 0° =¥ 0° = SNV4 0° = d¥ 0° = ¥IO¥ 00°S = 935S 00°LITT = 2V§

¢ SINBYIUVA NOWWOD

SR eRatsantstsbakitnessf  LNIWOIS LHOINdessekndssssrspssietnsns

FRAESNEE 4S5 5 056056420585 VBYIHVA LNANI*sessset0 8580080000088 E

vl.Q.Q.0'QQCIGQl.l.0.'!ll’&."d’.!!liQOQlQilll!.‘iQl{QQliiiGQQiilllQC’!*O!QQQQ!QGQQQ'.QQQQQQll.'...ll"l&l.'..'l....'..!.

°t £ 1=
* * * * * s @
. - ) * * - * * ] * s =
L9 SS €h I€ 61 9 #& 2 NWNT0J

1NdNI QdvYId ¥30v0T

'CQIQQOQQl’ll.".l.!{i.l..ll..l‘i.}.}lll{iilllli.’i'l.l.ib.!#&i!iQllil.”llli&..lill‘l!.ill.l.!.Ql.QIQDQOQCCQQQQQGQGQQQQQ

0 00° go* 00°SLYT 00°02
82 ST°28nT 86°9902 00°SLT 00°0T
92 LASEA TS 00°0002 00°0ST O0o0°0T
67 e0°052 eoeEent 00°00T o00°S

€1 00 00°000T 00°S.  00°ST

&

§ =N D

. XVWINI  3V3WBA  Mv3yAXx 033dS  VLI3IHL 93

B-6h



$ S37GVIYUVA NOWWOD

ek kgnpnnisrnrhsksksstssy  LNIWOIS LHOINdeesesessnsarssstsnssses
R BREEkR e e ok bkt ke2x2SAVEYIHYA LNAINIssssskptrbssstsdsbs st b s

T T L D runmaparppe gy T PR PR PP T T TS T PR TR PR Y P R Y PR PR R T A P R AT I T PR R TR S A L Y Y ]

‘1 £ T-
* * * * L * *
* * * * * * *
L9 SS h 1€ 61 9 # 2 NWNI0I

- T T . . o T e 1NdNI Q¥YI ¥3avo1 SRR~ ———

P T I I I I T T L T T T Tt R Tt L T P et P P PPt T P T P I T I TP T I L P LT T AT P I

0 00° 00° 00°SLt 00°02

o - . T Trmem e 82 SI°284T  66°9902  00°SLT 00°07
92 h1°2€2T  00°0002 00°0ST 00°0T
T T o o ) 61 20°0S2 20°CenT  00°00T 00°S
€1 oo°* 00°000T 00°SL 00°ST

XVYWINI WV3IYAA Nv3dax 033ds Vi3HL 23S

- NN D

00°T7 = LddWNY 00° = OXVYWHL 00°T = ONIL 0°00S = OYZ¥dA 0°0052 = OuZ¥dx 00° = ou3zv

T T o ’ ) N - : S38TVIHVA INIOd Q314

T EV4W O OrENSL 0 - = ransk 00° = venNs1 00* — = vANSd 00° = fy3dy o00° = 7d44m O° = 1SNYHl

S3TBYIHVYA 130

00° = Nd 00° = vdIy o0° =BW0J 00° =0d0HD
TTTTTTTTT 00° T dYdS T 00° 2 dIAXWX 00° ="dd 00° = L4 00° =7a 00°" "= Hx0QQ "00°* " = ¥d8 (0O0° = HVIQ
00° = Wdd 00° = IH49IS 00° = 40 o0o0° = 214 o00° = sy 00° = 1xgaa oo0° = 8 00° = 1vIQ

S3718YIHYA NY4

= ON3WNN 0°T = T3A37S 0°00ST = Y3Mod

¢ S3ITEVIYYA 3INION3I

B-65



0 00°* 00° 00°SLY 00°02
8¢ S1°28h1 86°9902 00°SLY 00°07
92 hreecet 00°0002 00°0ST 00°0T
61 20°0S2 c0°eCht 00°00T 00°S

¢t 00° 00°000T 00°SL 00°ST

- 20

&

XYWOINI HVIHBA Wv3IYax Qaads V13HL 935
00°T = LddWNY 00° = OXVWHL 00°T = ONIL 0°00S = O0HZYdA 0°00G2 = O¥YZudx 00° = 0Y3zv

G- - —_ e - $ §3@7VIYVA INIOd 071314

=v¥47Y 0° = oransyL 0° = ransi 00° = vensi 00° = vensd 00° = rylYyy o0° = 14im O° = 1SN¥HL

! S318VI¥VA 137

- - T "7 00t = Nd 00° = vdiv 00° =BWOJ o00° =0Y0H)
00° = dvdS 00° = JILXWX 00° = Hd 00° = 2id 00° =70 00° = HxQa@ o00° = ¥d8 00° = HVYIC

oo° = Wdd 00° = IHd91S 00° = 340 o00° = 2¢iL o0 =S4 00° = 1x0aQa oo0° = 8 o0° < 1via

o - . ) : S3BVINVA NV4
_ 0°2 = ONIKNN 0°T = T3IA31S 0°00ST = H3MOd
- ’ ¢ §37aVINVA 3INION3
- TTTP0YT 2 QUOHITT 0T = dHJWNN 00° = hWdd 0° = 8918 00°* = viQ o° = ¥3M0d
- - o $ $3T1BVIYYA H3TI3d40Yd
0° = oyol 00° = 015 ¢oo° = QYOH) 00° = vi38 00° = Vi3

0 —= SA¥HL 00° " = N93WO 00° = ¥9I8 00° = @918 00° = XN=KWS
* $ S3TBVINVA ¥OL0YH A1IVL

0° = o¥ol 0Q0° = Qa1s oo° = QUoH) o00° = vi38 o00° = Vi3

-0¢ = = SAYHL 00°* = NOINWO 00° = ¥o18 00° = @918 00° = M=WS

$ S3INEVIYVYA HOLOY NIVW

0‘t = Lddnity g*y =30° = P 0° = SNVd 0° = dd 0° = H¥l10M 00°S = 935 00°LITT = 2vS

B-66



¢ S38YIHVA Nvd
0°2 = ON3WNN 0°T = I3A31S 0°00ST = N3MOd

¢ S378VINVA 3NION3I

oo° = QYOH)Y o0° = dddWNN 00° = Wdd 0° = 8918 00° = viQ 0° = ¥3Mod

: S3TBVINVA ¥3ITN3doud

0° = 6yol 00° = 4aiIs 00° = QYOHD 00° =, vi38 00* = Vi3

0° = SNYHL 00° = NO93W0 00° = yo1d 00° = 8918 00° = M=WS

) ¢ S318VIYVA HOLOM TIVL

0° = bduol 00° s ais 00° = QYOHD 00° = vi38 00°* = Vi3

= 0° = SNYHL 00° = N93WO oo* = H91d 00° = g91d 00° = Md=KWS

¢ SITBYIY¥VA HOLOM NIVW

0°T = LddWNY 0°T = 3 0° = fY 0° = SNV4d 0° = d¥ 0° = ¥iOW 00°S = 935 oo.haqn. = 2vS

- I . S ¢ S3NEVIHVA NOWWOD

- - T akkEaskknkeksskkebienG  INIWOIS LHOINdxstssnkestbstnsrkgsbnnt
SERBREER R e Rk nhk b2k kST TEYIUVA LNANIsksssspsbrtsnsssstskssss

A I T I il P Pt Tt P e P P PR PP PP e 32 1 32 2R TS P 222 2 P T e e P e 1 T 22 R L R PSS S0 I PP FE T 1122332 1321 1 12 2 101

‘1
* »
* . .
L 14 6

-R X
wne
B X
N %

£ © 2 NWNT0D
LNGNT QYYD ¥3AvoT

P T L T T T P T P T E P PR T PR LTy P Pl P L E T P T e T P T P T TP T T TP L P PP ey

B-67



0°00S2  £0°S9  8€°LL B8€*LL SO°LL  9°EV6
HdX vea INd  WLINd N3 3ONVH
0* 0° 0° 0* 0°GLT 0°02 0°2 S
0°0€ 0°00S T°*28hT 0°L902 0°SLT 0°0T O°T s
— e 0° T*2€2T 0°0002 0°0ST 0°0T 0°2 £
0°09 0°00S 0°0S2 0°CEhT 0°00T 0°G  0°T 2
= Qe 0 0 0°000T 0°GL 0°GT 0°2 ~— 1%
XVWIHd SNIQVYH XVWA  XVWX  T4A N4 Hivd  93s

=0XVWHL §0°

=0d32Y 00°00S

=0dZ¥dA 00°00S2

-

YT SV4WOTT = orensit 0°

00°

00°Y =

= dvds 00°
= Kdd 00°

LddwNY  00°

= rensL 00°

dILXWX 00°
IHd9IS 00°

WYYO0Hd NOIL1D103¥d 3SION 3TDIH3A T0LS/A HOd 3SYI LNOMI3HI

=0YZY¥dx 00°T =ONIL

0 0o° 00° 00°SL% 00°02 &
T g2 ST°28H1  86°9902 00°SLT  00°0T
92  #I*2€2T  00°0002 00°0ST 00°0T ¢
6T  20°0S2  20°CChT  00°00T 00°S 2
€T o0° 00°0007 00°SL_  00°ST ¢
-d LY
XVWINI  MV3¥EA  Y3¥EX @33dS  VI3HL 93§

= OXYWHL 00°T = ONIL 0°00S

= venstL 60°

Hd 00°
40 oo0°

o~ N

= vansd

0o0°
id o00°
i1 o0o°

0

O¥2¥dA 0°00G2 = O¥ZWdx 00°

= 0y3zy

0 = fYy 00° = 1dim O°
= Nd 00° = vdiv 00° =8KW0J
79 oo° = Hxdaoa oo0° = ud€
sy 00° = 1x0QC o0° = 8

S3EIVIY¥YA ANIOd (1314

= lsnudL

wcsccecbacenes

S3INEVIN¥YA 130

00° =QYOH)
00° = HY1d
00° = 1via

B-68



oo°
00°
00*
0o0°
00°
00°
G2°6S
29°€9
ch*hs

00°

00°

00°

00°

0o0°

00°

00°

£h*69
15547 S
66°€9

00 T
00°

00° .
00°

00°

00°

00° T
£h°69
12°SL
66°€9

00° 00°
0o0° 00°
00° 0o°
00° 00°
00° 00°
oo° 00°
hL°09 hheg9
05°29 66°19
18°¢S 29°2s
oo* 00°
oo* co*
00* 7T 00°*
00° 00°
0o° 00*
00° 00°
00° 00°
£9°1L 110
£g°eL T 9ecelTTT
62°¢9 no°29
00 T o0t T
00° 00°
00~ 00°
00° 00°
00° 0e*
0o0° 00°
00" oo*
£9°1L 110,
€e°cL 92 €L
62°€9 h0°29

00°
0o0°
00°*
00°
00°
00°
2h*e9
€1°09
h0°2s

00
0o
00°
00°
oo
oo
6o
26°SL
0h°*TL
9¢°19

00°
go*
00¢
00
6o0*
oo*
00°~
26°SL
0heTL
9¢°* 19

00°
00°
00°
00°
00°
oo*
S9°h9
9t*8s
Lh°1S

SINIOd Q313 T

00°
00°
00°
00°
00°
00°
00°
L1°LL
~“99°69
£L°09

SLINIOd Q1314 1

S
00°
00°
00°
00°
00°

— eo0°*
L1°LL
99°69
€L°09

00°
00°
00°
00°
00°
00°
SL*h9
TheLS
16°0S8

00°
00°*
00°
0o°
0o’
00°
00°
90°LL
05°89
L5°68

00°
oo
00°
00°
00°
oo°
00°
90°LL
05°99
L5°6S

oo°
0o°
00°
oo*
0o0°
00°
L8°h9
00°LS
Le°0g§

go°
0o0°
oo°
0o0°
oo*
0o0°
00°
61°LL
S9°L9
86°8S

go*
00°*
00°
oo*
00°
6o*
00 -
61°LL
S9°L9
84°68

0o0°
00°
0o0°
00°
00°
0o°
L0°S9
0€°9S
€8’ 6h

Y04 SLN3WIYINI ANODI3S

00°
00°
oo°
oo
00°
go°*
oo°
ee* Ll
26°99
0h°8S

00
00°
00°
00°
00°
0o
oo°*
8e° Ll
¢5°99
16°8S

0°T

404 SIN3IW3YINI ONOJ3S 0°T

oo
00°
00°
co*
00°
85°9%
€S°h9
99°SS
0c°6h

00°
00°
oo°*
00’
00°
L8°LS
£€9°h9
£€0°SS
6L°94

NI AHOLSIH 3nI4 vEad

00°
00°
00°
00°
00°*
00°
89°G9
Lh°9L
08°S9
28°Ls

00°

00°

00°

00°

00°

00°

86°L9
25°9L
01°'g9 =7 7
85°96

NI A¥OLSIH 3WIL “INd

00*

00°

00°

00°

00°

00°

89°69 — -~
Lh°9L
08°S9
GE°8S

00° .--
00’

00° B
00°

00°*

6o0°*

6S6°L9
es°9L
071°69 "
€148

SINIOd Q73I4 T HOd SIN3WIYONI ONOJ3S 0°T NI AHOLSIH 3WIL LINd

B-69



T osey apdueg Jo4 Spaey ndur *T-¢ aandTd

_ N NN N NN NN I NN N NN NN RN A NN NN NN

_ _ :f_mm:zmmmw_:mwmmm:mm%::w:mm::w:m:zm:::wwmm:m_::m:z:mwwm:

_ _ §8585G66G6G6666066566666685/96G6666G6G66/566666G55566/656666” 69666666666666666666¢¢

| AR AR AR AN A R A A A R A R A R AR A AR AR AR A AR RN A R ARA A RIARAI]

_ _ EEEEECECEEEEEEECEE  CEEECECEE EEEECCCEEIEEE CEECEEEE)EECE  CECECEE[CEE EECECEEREEEE]E
_ I A A I A AT A I Y A A A A A A A A A A I I A A A A A A A A A A A e a
ceeeerrrrrvergiererrrreregerrereeieegeet! ____:_____:_______._

086281 2001 SIYLELTL |L 026909 L9959 19 €9 29 19 09 BS BS 15 95 SS|¥S €5 25 _mamn::-u;:;w_# Ay Oy 6€ 9t 1€ SE SE ¥E €C 2 160 62 82 {2 92 SZ ¥2 €2 22 12 02 6

0000000000C000000000%000000[0000000000000000000C000C/000000000000/0
/ PSED

ae) \ . \ o1 .c \
\ gl \ °0 \ 927 / CRY4 \ v g
\ 8e0 \ ge2 \ OF \ .Sf:\ *00

“

= o —
=
=

!
’
0

S us e

4

B-T0

.\1 Z°6 i /s g0t/ &9 9
/7 VAL / =Ty 0512
T SESCSY SR S M A U S
\. \ |\ * 002 \\ *0 \ Tag01l
7 7 7 /T Joe e
J/  toc \am_\:
VAL /05z/n
/ ARG \dmmxma
-\ 0z / Fol cmm_m.wu1
\\ °1 \\ °0 _ 09¢ g
¢ Py
*0 VAL \N ::\mx




YNNIy
9999999999999
§§66655666566¢
SRR NATTIIIT,
CEECEELCECEEeee
AR R AR
LLLLELLLLiLLel

086/ 8L LLOLSLVLELTL 1201699919

0ooooo0GO000000000000

2 9se,, ardweg Jo4

Lerrrrreell
999999999999
656666666666
ANEARRARARE!
CEEEEEEEEECEE
tliteeenenie

~
o5 —

= 8 —
o e

Yo

LLLLLLLLLLLl
999999999999
905666656566§
AARAARARRRE]
EEEEEEEECECE
dlitieeieie
Leererrrriny

SES SIS OSEN AN LY Y SYIY E

0ooooooo00000

spaey qndug

LLLLLLLLLLLt
999999999999
66555565666¢
A AARRRARRAE]
ECETececeeee
it

*2~d aJanusTq

°s

LELLLreerng

20 LV O BE BE LE S SE ¥E €€ 26 1CI0F 62 02 22 92 ST 02222 1202 61

i
booooooooo00000000

§565565664¢

et

*9nTl

/

LLLLLLLLLLL L L LLLLLLLL
9999999999999999° 9999999
565657 655566
A AN A AR KA EAAeT;
EEEC  EEEEELEEEE EECEEE
AR RRAR’

5§
by
£t
i1

D w _=
=Nl

11
Ve
00

Ll
9999
566§
IARA]
EEEE
el

I
9
3
¥

[— R
© - —

l
9
§
¥

o™ T

s°€l

/

*092z¢

oz

/

SLe

/

T ey

/

‘000t

*0

B-T1



¢ osey aTdweg o4 spae) ndul *f-g oanITu
N N RN RNy NN N NN ey (s’
mwmmmmwmmmmmummwwmwmmmmwmmmwmmmw@wmwm@mwmwmwmwmmmmmmwmmww@mmwmmwmmwmmmwmmmmwmmmm
mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmrmmmmmmmmmmmmmmmmmmmmmmmmmm
R N N A A A R A A A A AN A g AR A RN N AR d | Aaa Ry,
CEECEEEEEEEEECECEECEEeeeCelEeCeeEEEEEEeEe COCEECEEREe cecEeEeeelece ceeececeleeeel ¢
R AR AN A A A A A A A A A A A Y A R A A A A A A A R A A R R R R AR AR iL
__________________________t______________.________i__________________

0B 6/BLLISISLYLELZL 1L OLEIRI L9959 9 EI 29 1909 65 BS 25 95 SSS € 25 15 05 67 8y L0 9y Sy ¢y EYfY ty OY EC 85 L6965, CF 2€ €| E6202 LZ925ZPZE2 2L IO G LISISINICE

_
Lol
000000000000000000000000000000000000000000000Gu000[000000000000/g000:0- 00
e ISVD

¥ o, /1 / ‘s [ camor  /t WM

~

e
=)
L—J

LI
150285y
0ooooo

[/ 2 / / 'z yAE / 't /ot /Y =
7 7 AL A R AL LAY 4. A -
/ / / towzt VAL VARRE /ot /o)
/ VAL / o /09 VAR o8t/
\ \ *0f0g \ *0 \ R \ ° 9 Nonna\.ﬁ

\ 7L \ X / rost yARLIX /  csl 08z 5/

\ "0z \ XX \ <0l / s / X3 /ots /s

/A / o / eis \ PiesZ /08¢ /)
J egewm s o "o \N.__n € ~.n_ Wmmwm\ﬁ
\\hnn \\m\c . \th “Zr- \\.:.. \N °0 \..\r Q“m\

BYALLE VAL \ T AL / *06en  Jesc 5/

01 \ ort \ ‘0 \ 6°62 |\ 1z \:..\M\

A A Y AL R AL /1LY,
——7 7 7 VA R 0

/ /- / VAN s

/ / / /! £

/ / /. VAR LY




1 esey ardweg ao4 spaey qnduy *f=g 8anidty

_ N N N R NNy RN AN N e n Al

_ 999999999959991999999999899/9999999999991999999999999/999999999999|999999999999|9993lg
GG EE G e e E G EGGG6G66G6606066G06G685)6656666666G6/55665°656666/5555656656656/565¢ls

| R A N N AN R RN A R AR RN R R RN N AR A AN A (AN AN AR asas  AEE )
_ ECECECELEEEECE|EEEECCECEEEE/CECEEECEEEEElfce CCCECEEE[CCEE CECCEEE[EEe cceececeleeee
ltiriziceeceegeeceecedeaeyleceaeezeeeeeeacezeeeedeeeeezeeeeefieeezeeteeaal
PEETLLLLrrerrgureeree e et rrr e e w_____p____________gcc

! Il
OB6/8L 2L SLPLELZL 1L DL EIBY 1959959 ¥ €929 _ueummanmammd-::m 1S 05 6V 8 Lv ¥ S ¥¥ ¥ E L0 OF 6C 8€ L€ 9€ SE ¥ £C 26 AANC 6202 42 9252 Y2 €222 1Z 02 B4{O1 21 9K SLPIEI 2L 11 01 6
0 0t

[
00000000000000)000000000000,000000000000/00060000000€)000000000000(00000000

T &% = uh D =

= w L
D i s
S - —
o o —
= ~
==

Il
[ N3
6o
+ 74D

*005 \ *00¢s2 \cmn\.m\

O S8E /1,
*0/1 * 5007 b0t [/
VAL Tin/s
0 VAR 0Zn /7
VAL Vs
A [V
7 a

B-T3



G osey, eTdueg Jog spae) qnduy g-g aandtyg
IR R I N R N I IR NN I RN NN NN N IR/
99999999999999(999999999999/999999999999999999999999999999999999|1999999999999/1599399
GGGGG6GG66G66G6 668666686668 G6G68G68666G6G/68G6G68G6GG6G666G6666? 666G6686/6966666666666/56656|S
AR AR R A R R RN AR AR A A A A A AR R AR AN R A X AR A R A XAk (XA R A XA A A d: iR YE]l
CCCEECEECEEEEElCECCEeECCEeE{cEeeCEeeEeee/Cee CEECEEEE|Cee CEECEECE/Ee CEECEECEElecce)
R R AR A A A AR A A I R Y A A A A A A A R A A AR A A A R AR 14
PLEbrreerrerrgereerrerrriyquesrerrrrrtgreoeteniregqeerscrrreergeered=sgere et et
096182 L20ISLPLELZE LI 0L B9 Y99 GIYIEI2S 1909 B50S 2595 SHPSESZS ISOSEY G LY 9y SY Y M2y LY O SEBE LEIESEYEEE2C LANE G O2 292 SZPZCZ 2L IZOZGHBI ZLSISIPIEL2I1L01 6 8 L{8 S ¥ Ef2
=.:;2_:::::__::__:::::_i:_=?§§Z§Z§Z:Z§Z_;2__:;_:;22_22223;::2
.M:WMQQ
—— A
/ /
. / /
4 VAR
\ \ *00¢g
gLl \ g/l
0z \ 01
\\\ .1 \ O]
£ - i.-uul ‘'z \
4 K] O} N\‘
..._ \
2 /

==



—

APPERDIX C

V/STOL Noise Model - Flow Charts




START

3 ? ]
100) ,PNLT(10,100),X(10,100),
Y(10,100),z(100) ,PNMAX(10),
DBMAX(10),PMAX(10) ,FR(10),
EPNL{10), xP{10)

Call Loader (SAZ)
Loads all input values

Call FLDPT(X,Y,Z,FR,
INCZR@

Calculates X,Y,2,Field
Point Values

IFPT = ANMFPT
IS = SEG
N=1

K=1
IK=INCMAX(1)

Begin DO LOOP 5
L =1, IFPT

PNMAX (L)
DBMAX (L)
PMAX (L)

0
0
o]

RAD = SQRT(X(L,K)**2 + Y(L,K)
x%D 4 Z(K)**a

Ca11 ACPNLT(RAD,N,X(L,
K),Y(L,X),&(X),DB,P,PNT)
Calculates PNL,PNTY, an
BA at each observer fo
ach aircraft location

PNLT(L,K) = PNT
DBA(L,K) = DB
PNT(L,K) = P

K=K+1
PUM=PNMAX(IFPT)-10

Begin DO LOOP 100
I=1,IL

| pum=pwmax(1)-10 |

V/STOL NOISE MODEL
MAIN PROGRAM FLOW CHART

Call Loader
(SAZ)




Begin DO LOOP 300
L=1, IFPT

DUM=PNMAX(L) - 10.5
SUM=0
KK=K-1

Begin DO LOOP 800
1 1,KK

I PNDB=PNLT(L,I)

PNDB YES
0

N

YY=10¥*({PNDB/10)
SUM=SUM+YY

TINC/lO)—PNMAX(L)
EPNL(L)=PNMAX(L)
+ DURCZR

V/STOL NOISE MODEL - MAIN PROGRAM
FLOW CHART (CONT)




Subroutine FLDPT(FX,FY,FZ,FR,
INCZRO)

Dimension FX(10,100),FY(10,
100), Fz(100),XP(10) FR(10)

DTR =0.
IFTYPE=FLYTYPE
ISEG=SEG

TNCZRO=100
IFPT=ANMFPT
DUD=XPRZRO/ IFPT
TMAX1=0
XMAX1=0
ZMAX1=AZERO
THMAX1=THMAXO*DTR

PHMAXN=PHMAX(1)* DTR

ALFN=ALF(1)*DTR
N=1

Begin DO LOOP 10
II=1, IFPT

[ xp(13)=I1*DUD ]

— TMAX=TINC*100+1

|__IPTH=PATH(1) |

APHMAX=ABS (PHMAXN )
ves SPHMAX=SIN(APHMAX/2)
@ SUMANG=THMAX1+PHMAXN/2
< TMAX=RADIUS(1 ) *APHMAX/ABS(VF1(1)

*COS (ALFN))
| 1DM=ABS(THMAXO)] DUMMY=2*RADTIUS (1 ) *SPHMAX

17 7] XMAX(1) = DUMMY
(VeL (1) %cos (azm)) TAR(L] = Divemreoen o)
%E ﬂ;wvfiéé; e es ZMAX=AZERO+RADIUS (1) *APHMAX
STAN(ALEN)
THMAX] ) fio = ¥
no

TMAX=ABS( (XMAX(1)/(VF1(1)*COS(THMAXL ) *COS (ALFN
YMAX(1)=VF1 (1 ) *TMAX*COS ( ALFN ) *SIN(THMAX1 )

A
ZMAX=VF] (1 ) *TMAX*SIN (ALFN
THMAX=THMAX1
N

[y

Subroutine FLDPT Flow Chart

c-4



Begin DO LOOP 2hQ
K=1,1Q00

T=K*TINC

IPTH=PATH(N)

XMAXT=XMAX(N-1)
YMAX1=YMAX(N-1)
ZMAX1 =ZMAX
THMAX1=THMAX
ALFN=ALF(N)*DTR

THMAX1=THMAX]
-6.283

TMAX=100%

IPTH=PATH(N)

TINC +1]

THMAX1=THMAX1
+ 6.283

TIDUM=ABS ( THMAX/
DTR)

THMAX=THMAXL +ABS
YMAX(N)-YMAXL )/ (VFL(
N)*COS(ALFN)))

TMAX=TMAX] +ABS { (XMAX(N )-
XMAX1)/(VF1(N)*COS(ALFN)
*COS(THMAXL)))

8

Subroutine FLDPT

C-5

PHMAXN=PHMAX (N ) *DTR

APHMAX=ABS({PHMAXN )

SPHMAX=SIN{APHMAX/2)

SUMANG=THMA X1 +PHMAXN/2

TMAX=TMAX1+RADIUS (N ) *APHMAX/

(COS(ALFN )*VF1(N))

XMAX (N )=XMAX1+2*#RADIUS (N ) *SPHMAX
#C0S (SUMANG)

YMAX (N )=YMAX1+2¥RADIUS (N ) ¥SPHMAX
*SIN (SUMANG )

ZMAX=7ZMAX]1+RADIUS (N ) *APHMAX
®TAN(ALFN)

| THMAX=THMA X1 +PHMAXN

PHISK=VF1 (N }*(T-TMAX] )*COS(ALFN)/
APHMAX=ABS (PHISK) RADIUS(N)
DUM1=2*RADIUS(N)*SIN(APHMAX/2)
SUMANG=THMAX1+PHISK/2
XPR=XMAX1+DUML *COS ( SUMANG )
YPR=YMAX1+DUML *SIN(SUMANG)
ZPR=ZMAX1+RADIUS (N ) *APHMAX*TAN (ALFN)
DUMANG=PHISK+THMAX1

&



T1=TMAX~TMAX1
DXMAX=XMAX1+VF1 (N)*T1*C0s(
ALFN ) *COS (THMAX )
DYMAX=YMAX1+VF1 (N)*T1*COS (
ALFN ) *SIN(THMAX)
ZMAX=ZMAX1+VFL (N )*T1*
SIN(ALFN)
DELX=ABS (XMAX (N )~DXMAX )
DELY=ABS( YMAX (N )-DYMAX)
ERRx=DELx/XMAng)

ERRY=DELY/YMAX(N)
es ERRX
<0.1

no

ERRY o WRITE
<0.1 WARNING,
yes

XMAX(N)=DXMAX
YMAX (N )=DYMAX
TMAX=TMAX1+ABS (( XMAX (N )-XMAX1)/
(VF1(N)*COS (ALFN)*COS (THMAX1) ) )
ZMAX=ZMAX1+VF1 (N )*( TMAX-TMAX1 )
*SIN(ALFN)

>——

DUMANG=THMAX
DUML=VF1(N )*(T-TMAX1 )*COS (ALFN)
XPR=XMAXL+DUML*COS ( THMAX )
YPR=YMAX1+DUML*SIN(THMAX)
ZPR=ZMAX1+VF1(N)®*(T-TMAX] )*
SIN(ALFN)

DUMANG= no
DUMANG+ ITYPE=1

3.14159

Yes

COSTHK=COS (DUMANG )
SINTHK=SIN(DUMANG)

Begin DO LOOP 220
1=1, IFPT
|

K

FX(L,K)=(XP(L)~XPR )*COSTHK+
(YPRZRC=YPR ) #SINTHK
FY(L,K)= ~{YPRZRO-YPR ) *COSTHK
+(XP(L)-XPR )*SINTHK
DUML=( XPR~-XP (I, J##2
DUM2=({ YPR-YPRZRO ) ##2
FRD=SQRT ( DUM] +DUM2+ZPR#*#2 )

K=1 MYes

no

FRD > ~\19_| FR(L)=FRD
FR(L INCZRO=K

1o LOOP
220

Yes

Subroutine FLDPT
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i NLT
pubToutine ACY [CALL AJET(TEMP1
R,JI,X,Y,%,DB,PN
PNT) o [¥s¥s3,91) |
IRJ # 1 Celculates Jet
& Noise
DIMENSION FCF(2L), YES

CALL ADDER {
TEMP1 ,TEMP?2 )

FCF = 1/37k0d

Begin DO LOOP 10

FALL ENGINE(
[TEMP1,X,Y,2,71)

Calculates
Engine Noise

CALL ADDER(
TEMP1,TEMP2)
Begin DO LOOP T0
I=1, 24
) ==
F
CALL R@TOR(FCF , F=FCF(I)
TEMP1,X,Y,2,J1 TEMP2(1)=10*ALOGIO(
Celculates | TEMP2(T1))
Rotor Noise
CALL ATTEN(F,RAD,
CALL ADDER(TEMP1, FC,AM)
TEMP2) Calculates ATMOSP
Absorption
CALL PROP(X .Y .2 [ TeMp2(1) = TEMP2(I)-AM|
_FCF, TEMP1,J1]
Calculates
Prop Noise

CALL ADDER(TEMP1,

TEMP2) [CALL PNL(TEMPZ,
B,PN,PNT __ _ _ _|
IRF = FANS alculates dBA,PNL
and PNLt Valves
CALL FAN(TEMP1
TIRF # 1 >3om _ _FCF,X,¥,3)
Celculates Fan
YES Noise
[
CALL ADDER(TEMP1,
TEMP2)
IRJ=RJ

Subroutine ACPNLT
Flow Chart




Subroutine ADDER(T1,T2)

4
DIMENSION T1(2Lk), T2(2k)

Begin DO LOOP 10
I=1,24

T1(I)=10**(T1(I)/10)
T2(I)=T2(I)+T1(I)
T1(I)=0

SUBROUTINE ADDER - FLOW CHART

c-8



Subroutine ATTEN(F,R,
FC,AM)

F = F¥FC¥F¥*FC
DUM=2*F2/(1+F2)
DUM=. 0324*F2+DUM

*DUM
AM=0.,292#R#SQRT
(DUM)

SUBROUTINE ATTEN FLOW CHART

c-9



Subroutine PNL(TEMP,

DBA,PN,PNT)
; ANMAX=0.15%*T0T+0,85
Dimension TEMP(2k),AM1 #RMAX

(24), s1(2kL), sa2(2b),

IDBACR(2L) ,SLOPE(25) ,SPLP] .
(214),NFLAG(2£&),NFP(2‘4) @ PN=0

CON1 = 0.030103 rES

CON2 = 0.029960
TOT=0 PN=40+(ALPGLO(ANMAX ) )/0.03
RMAX=0 T=
SUM=0

]
DBA=10*AL@GIO(SUM)
SLOPE(25)=0

Begin DO LOOP 70
L =1,2k
=

Begin DO LOOP 100
I=1,24

!

Y=0,1*(TEMP(L)+ (———————————*1
DBACR(L))

Y=10%#Y SLOPE(I)=0

SUM=SUM+Y SPLP(I) =0

NFLAG(I)=0
NFP(I) =0

NO

Calculates slopes
for adjacent bands

AL=(AM1(L)*S1(L)-AM2*

52(L))/ (AM1(L)-AM2)

Begin DO LOOP 120
I=h,2h

[ANOY=AM2*
(TEMP(L)-S2

OY=10%* ANOY

ANOY=AM1(L)*(TEMP(L)-
(L))

S1
ANOY=10%**ANQY
-]

Begin DO LOOP 170
I=k,24

Subroutine PNL Flow Chart

C-10



NF=NFLAG(I)

LOPE(NF
LOPE(NF-1

Begin DO LOOP 220
1=1,2k

SPLP(I)=SPLP(I-1)+
SLOPE(I-1)

Begin DO LOOP 230
I= 3 2k

[ SPLP(I)=TEMP(I)-SPLP(I

Begin DO LOOP 200
I =3,24 T
NCMAX =
I= 0, SPLP(I) =
NFP(I) TEMP(I) Begin DO LOOP 320
YES =
SPLP(I)=0.5*(TEMP(I-1)

+TEMP{I+1))

SPLP(2L)=TEMP
23)+SLOPE(2)L)

CALL DELTA(SPLP,2,
SLOPE)

Begin DO LOOP 210
I1=3,23
-

Y
SLOPE(I)=0.3333*(SLOPE(I)+
SLOPE(I+1)+SLOPE(I+2) )

D

NO LOOP
10

ES

[§MAX1=SPLP(M)/6 W
|

CMAX1=
P(M) 3

[ spLr(3)

TEMP(3) |

l

PNT=PN+CMAX |

Subroutine PNL

C-11

CMAX2 NO [ cMax=cMaxy
CMAX1 NCMAX=M
> :
NO END
YES



Subroutine DELTA(X,
MOP, SLOPE)

DIMENSION X(2k),
SLOPE (25)

Begin DO LOOP 10
I=L4,24

SLOPE(I) = X(I)-x(I-1) |

SLOPE(3) = SLOPE(L)
SLOPE(25) = SLOPE(24)

Subroutine DELTA Flow Chart

C-12



Subroutine ROTOR(FCK3,
ROLTP3,RX,RY,RZ,JKI)

i

Dimension BES(L00)

BICM=0MEGN*ETA*PI*BIGR/
(5A2%30)

OLKP(2k),PSQP(60),5FM
(60),FCK3(24),ROLTP3
(24),ALT(61),ALD(61),
ALC(61),SCURVE(39)

Y
BIGV=VF1(JKI)
DTR=0.017453292
PI=3.14159265

HALFPI=PI/2
ROOT2=SORT(2)

TWO16=2%#(1/6)
TWOL3=2%%(1/3)
TWO23=2##(2/3)
MLIMIT=20
IJK=TCASE

XML=MLIMIT
CONLC=0.T
BIGMF=RIGY/SAZ
BMFSQ=BIGMF*BIGMF
BIGX=RX
BIGY=RY
BIGZ=RZ

LLIMIT=XML*BIGRR*(1

+BIGM)+0.5

TBIGX=BIGX
Lo | TBIGY=BIGY
TBIGZ=BIGZ

Ye |

8
h ]
Begin DO LOOP 470
IR=1,2

LLIMIT=60
LLIMIT™\DO_IMLIMIT=LLIMIT/
<60 (BIGBR*(1+RIGM)

L1=LLIMIT+1

)C[,LF{.(;L{MIT
ETARN=1/(ETA*BIGR)
ALT(1 )=THRUSR
ALD(1)=TORQE*ETARN
ALC(1 )=THRUSR*SIN(

BETA¥DTR)

ALT§2§=ALT§1)/&
ALD(2)=ALD(1)/4
ALC(2)=AIC(1)/4

Begin DO LOOP 60
LK=3,61

pr—

PWRK=CONLC/( (LK-1)
*#%¥CASE)
ALT(LK)=ALT(1 )*PWRK
ALD(IK )=ALD(1 ) *PWRK
ALC (LK)=ALC(1)*PWRK

OMEGA=(PI*OMEGN /30
XX=0. 5¥OMEGA*BIGB/PT
OMEGR=OMEGA *BIGR
CO=OMEGA*BIGB/ (L *PT*5A7 )

EXPK=2*CASE

AT=2-EXPK
VILG=20%*AL0OG10( OMEGR)
TLG=20*AIDG10}THRUSR)
BLG=10*ALOG10(BIGER)
RLG=10%AL0OG10(BIGR)

CHORDR=TCHORD
THRUSR=TTHRUS
TORQUE=TTORQ
BETA=TBETA
BIGX=TBIGX
BIGY=TBIGY
BIGZ=TBIGZ

|

CASE=RCASE
ETA=RETA
BIGBR=RBIGB
BIGR=RBIGR
OMEGN=ROMEGN
CASE=TCASE CHORDR=RCHORD
ETA=TETA THRUSR=RTHRUS
BIGBR=TBIGB TORQUE=RTORQ
BIGR=TBIGR BETA=RBETA
OMEGN=TOMEGN SID=RSID
SID=TSID

g

CLG=10"ALOGLO(CHORDR/12)
FCKZ=0. T6L*OMEGR-240
*ATOG10(THRUSR }+786
FCKZ1=1/(TWO16%FCKZ)
FCKZ2=TW01-6/FCKZ
SPLVCO=VTLG+TLG-BLG
ZRLG-CLG+1T.4
RMT=0MEGR/SAZ
XMACH=(1+RMT) *#2
XMACHM=(1-RMT ) ##2
NBIGB=BIGER

Subroutine Rotor Flow Chart
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DIM=RIGX*¥2+(1-BMFSQ) Begin DO LOOP 210
* (RIGY##D+RIGZA#2 ) M=1 ,MLIM1T

DUM=BIGX¥ BMFSQ+RIGMF

%SQRT (DUM)
DUM=DUM/C1-BMFSQ) TS5 = 0
BIGXP=BICX +DUM ™M= M
COSINE = €0S (SID*DTR) SFM(M) = XF*XM
SINE = SIN(SID*DTR) N = %N*_NEIGB
DUM 1 = BIGY i CONT = Tl bxM
DUM 2 = BIGXP*COSINE —1 /XN

P —— CON 3=1/p(N*BIGM)

CON5=CON1*CON2

CON6=CON1%CON3

CONT=CON1*CONk4
NSUB = N+L1
BARG=XN*BIGM
*SY/SR

PHI=ATAN (ABS| _ [PHI=2*PI-ATAN -
(puM1/puM2)) | T |(aBs(puMa/pum2) )

CALL BESSEL(BARG,

Calculates set of
Bessel Functions

PHI=HALFPI;}—J-{PHI=2*PI-HALFPI

PHI=ATAN( AB = !
w-(DUMl/DU&é)% fﬁééfgugl?TAN 1 Begin DO LOOP 200
D -

PHI=PI-PHI Y] L=1, L]
SX=BIGXP*SINE-BIGZ*COSINE LL = L-1
SY=DUM 2*cos(PHI)-§IGY( ) ARG = LL*PH% )

SIN(PHI COSL = COS (ARG
SRP=SQRT{ BIGXP**2+BT0Y SINL = SIN (ARG)
#*2+BIGZ*¥2) K1 =N + LL
C1=CO/SR K2 = N - LL
BIGMZ=RIGMF*BIGXP/SRP K3 =KL +1
XF=XX/(1~BIGMZ) Kb = K1 - 1
SR=SRP*(1-BIGMZ) K5 = K2 + 1
CON2=SX/SR K6 + K2 - 1
CON4=SY/(2%*SR)
DARG=ABS(BIGZ/SRP)
THET=SQRT (ABS (1-DARG*#2) )
THET es | TNOMEDREGT
>0.01745 EKAPPA=
3 ATAN(TNUM)
= = ALT
EKAPPA=HALFPI — ATD(L)*COSL
| = ALC(L)*COSL
ATHETA=EKAPPA-SID*DTR = ALT(L)*SINL
ALPHA=HALFPI-ATHETA = A
THET=COS (ALPHA ) **2 =

—1 Q%
THETLG=10*ALOGIO(THET) CALL BISIGN(KI.BIT]
SRPLG=20*ALOGIO{SRP) CALL BJSIGN(K2. BJ2)
SPLVLG=SPLVCO+THET%%RPLG CALL BJSIGN(K3. BJ3)

CALL BJSI1GN(KL, BJk)
[f] CALL BJS1GN(K5, BJS)

CATJ. BISIGN(K6A, BJG)

Subroutine Rotor
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DUM1= (XN+LL)¥*BJ 1
DUM2= XN—LL)*BJ Z*EE
DUM3=BJ 3=BJ

DUMY= EE*(BJ —BJ6 l
'ANLT-CONS*AT*(BJ1+EE BJ2)
ANLD=CON 6*BD*( DUM1-DUM2)
ANLC=CON T*AC*(DUM3+DUMk )
BNLT=CONS5¥*BT*(BJ1-EE*BJ2)
BNLD=CON 6*BD* ( DUML-DUM2)
BNLC=CON T*BC*{ DUM3-DUMk )
DUMS5=ANLD+BNLC

I
ANL=E*(BNLT
~BNLD-ANLC)
BNI=E*DUM 5

- |
ANL=E*DUM5
BNL=E*(-BNLT
+BNLD+ANLC

J

— |

SPSQ=ANL*ANL+BNL*BNL
TSSQ=TSSQ+SPSQ

Q+1.
Pm—lo*ALoclo(GGM)+12h {
PSQP(M) =

XMB=MLIMIT#*BIGER
XMB=XMB**AT,
BIGK=GGM/XMB
RLGK=ALOG1O(BIGK)+12.46
MIN=MLIMIT+1

Begin DO LOOP 220
M=MIN, 60

a

Subroutine Rotor

=X
XMB=M*BIGBR
PM=10%* (AL*ALOG1O(XMB)
+RLCK)
SFM{M)=F
PSQP(M)=PM

ND
LOOP Q

20
es

| DumM=sFM(60)/1.6]

Begin DO LOOP 240
= 1,2k

SMK=CASE

Begln DO LOOP 270
=1, 24

Begin DO LOOP 320

M=1, 60
F
PS=PSQP (M) E%]
F=SFM(M)
Begin DO LOOP 320
KL=1, JFC
)|
DUM=133%ALOG10
F> es (FCK3(KL)/F))
FCK3(KL) AFK=DUM+3. 65

DUM=133*AL0G10 (F/FCK3(K3)
AFK=DUM+3. 65

) —

9




Y=0.1%(PS+AFK)
OLKP(KL )=OLKP (KL )+10%*Y

KL~1,JFC

OLKP (KL )=

1.0E-2

PE—— |

pLkP (K1)=10*ALOGLO{0LKP (KL ))|

MIN=JFC+L
DXX=TWOL6*SFM(1)
DXX=1/DXX

[Begin DO LOOP 380
KIL=MIN, 2k
J ™3

3
FNN=FCK3(KL-1)*DXX

NN=FNN
NMIN=NN+1

NMAX=TWO13*FNN
SUM=0

!

Begin DO LOOP 360
J=NMIN, NMAX

[ sumesumegesar |

D
no LOOP

60
es

XDEN=SUM
SUM=0
NMIN=TWOL 3*FNN+1
NMAX=TWO23*FNN

gin DO LOOP 370
J=NMIN , NMAX

——
[ sumesumsa*eaL |

ARG=SUM/ XDEN
X=10"ALOG10(ARG)
OLKP(KL)=OLKP({KL~1)+X

INTVAL=2k4

Begin DO LOOP 410
I=1, 24

FLR=FCK3(I)/TW016
FUPR=FCK3(I) ®*TWO1l6

i
[~ 1PTR=17-NTVAL |

Begin DO LOOP 430
KI~=1,2h
P |

&

Subroutine Rotor
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F=FCK3(KL)
TPTRR=KL+IPTR




ELG=SCURVE(IPTRR)
SPLVR=SPLVLG+ELG
ARG=10*#(SPLVR/10)

+10%*(OLKP(KL) )

ARG < es [ ARG =
.0E-2 1.0E-20

[OLKP (KL)=10*ALOG10(ARG) ]

gin DO LOOP 460
—1 2h

@ ROLTP3(KL)=OLKP(KL) |

ARG—lO**(ROLTPB(KL)/l@*lO**(OLKP(KL)

Subroutine Rotor
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SUBROUTINE BESSEL (X,N,
SIGMA)

[DIMENSION BES(%00),RJ(1),RIBAR(L50) ]

L

EQUIVALENCE(BES,RJ) |

DIST=10

RMAXOV=0.1E+30
IX=X

BEGIN DO LOOP 10
IP=1,KK

[ prsr=5*aBs(x)**(1/3) |

K=IFIX(N
+DIST)+1

K=IFIX(ABS(X)+DIST)

.|
NO
(

+1

.

Z=RMAXOV+ABS (X/K)
|

M=M—1 NO
YE

RI(N+1)=2%IP/
X *REC1-KECO
REC2=RJ (N+1)

<>

ES

RJ(IP)=2%*IP/X*REC1

-RECO)
REC2=RJ (IP)

g

ABS(REC2) Y
s Z
NO

REC1=REC1/2

REC2=REC2/Z

SUM=SUM/Z
M=N

[ Ro(+1)=Ra(+1)/z |

IP-1 NO_[suM=SuUM
+0 +REC2
YES

IP=2#(1p/2) S0

NO
SUM=SUM+2*REC2

RECO=REC1
REC1=REC2

BEGIN DO LOOP 230
IP=1,KK

| RJ(IP)=RJ(IP)/SUM |

Subroutine Bessel Flow Chart
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R

RMAX=0
KK=N+1

BEGIN DO LOOP 260

IP=1,KK
EGIN DO LOOP 290 ERR=ABS(RJ(IP) -
IP=1,KK RIBAR(IP))

| RIBAR(IP)=RJ(IP)]

| K=IFIX(K+DIST] |

G

Subroutine Bessel
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Subroutine

BJSIGN(K,B)

DIMENSION

BES (L00)

NO

| B=A*BES(k+1) |

Subroutine BJSIEN Flow Chart
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Subroutine PROP(X,Y,Z,I
FCK3, POBL3, JKI)

OASPL=PRLG-DLG-BLG
DIMENSION FCK3(2k), POBL 3 +40* TMACH+ENGLG-RLG
(2k), VCORR(L41), CORR(10,11), +DI+50.2
FLWR(25), BES(400) VT2=(TMACH*SAZ ) ##2
' VH=SQRT(VT2+VF*VF )
VF=VF1(JKI) FZRO=VH*BIGB/(PI*DIA)
TWO16=2%%(1/6) RMH=VH/SAZ

DTR=0.017453292
ROOT2=SQRT(2)
PI=3.14159265k |INC=20*RMH - 6.5 ]

Begin DO LOOP 10
1=1,2k

BT =1 ]

y

NO

ES _[TNC = 11

NO

1%

l?iéin DO LOOP 120
I=1,10

PRLG = 15.5*ALOG1O(PPWR)

DLG = 20.*ALOG10(DIA)
BLG = 20 *ALOG1O(BIGB) SPL=0ASPL - CORR(I,INC)
ENGLG = 10*ALOG10(ANMPRP) F=FZR@*I

TMACH = (RPMP*PI*DIA)/(SAZ*60)

R = SQRT (X*X + Y®*Y + Z*z)

RLG = 20*ALOGIO(R/500) Besinkeg Z%OP 110

1
ES YES FU=FLWR (K+I)
FL=FLWR(K)

GAMMA = ABS{ATAN2
(Y,-x)) GAMMA =

GAMMA = GAMMA/DTR 90 HI’L

YES

[PHI = ABS(1B0-GAMMA) | =
0
PHI ~JYES [PT = 0.12¥% POBL3(K)=POBL3(K)
£50 PHI - 7 _'W +10%*(0.1%SPL)
0
PHI ES [DI =0.0286%
=120 PHI - 2.43 ™
o
PHI™ES [5T = 0.306%
£180 pur + 38] |

0

PHI = 180 '
2

Subroutine PROP Flow Chart
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VCF=0.B5%VH/ Begin DO LOOP 190
CHORDP I=1,23

——

YES
Begin DO LOOP 140 POBL3(I) NO_| DUM3=POBL3(I+1)
K=1,2k <DUM +20
YES

[ PpoBL3(1) = DuM |

YES POBL3(I+1) =
POBL3(I) - 20
NO

v DUM2=POBL3(I-1)
ABL=BIGB* (DIA/2)*CHORDP +20
VOASPL=10*ALOGIO(3.8E-11*ABL
YES POBL3(T)
<DUM2
Begin DO LOOP 160 NO
K=1,24

#({0.T*VH)**6)) - RLG
POBL3(I-1)=POBL3(I
—— ) - 20

INCR=20 - INC
| INCRR=INCR + K |

END
LOOP
190

ELG=VCORR{ INCRR)
SPLV=VOASPL - ELG
SPLV=10%*(0,1*SPLV)
POBL3(K)=POBL3(K)+SPLV
POBL3(K)=10*AL0G10(
POBL3(K))

Subroutine PROP
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Subroutine FAN (BEN,

FC, X, ¥, Z)
DIMENSION BBN(2L), FC(2h), Begin DO LSOP 60
FL(25), TABLE(15,15),SUBD(15), J=1,2

SUPD(15),CORF(3),FCORR(3),
PWL(500),DIRC(11,6), ZETAK(6)

PI = 3.1b15927
RAD = 57.295780
XPR=X*COS(ALFA)-7*

SIN(ALFA
ZPR=Z+COS(ALFA )+X
*SIN(ALFA
CONST=10%*ALOG10(FN) NOBP1=J-1
FFR=SQRT( X*X+Y*Y+7Z%7) NOBP2=NOBP1+3

NOBP2=24

i A
XMTIP=PI*DIAT*RPMC/(60%12

*3A7)
XMREL=SQRT ( XMXTIP*#2+
XMTIP*#2)
C=SAZ¥*12
JMACH=20#XMREI~12.5
IDFAC=50%#DF-12.5

GAMMA=ABS (ATAN2(Y,XFR))
GAMMA= GAMMA*RAD

| INC=GAMMA/10 +0.5 1l

THETA1=(TT2+L59.7)/518. 7
THETA1=SQRT(THETA1)
DELTA=PT2/29.92
RPMC=RPM/THETAL
SPAFC=SPAF*THETAL /DELTA

| XMXAVE=1-5QRT(0.971~0. 0197 *SPAFC)

€es

XMXTIP | XMXTIP=
=<0 XMXAVE DBB=10*ALOG1O(BPR/ (BPR+1)/0.833)
no DBA=20%ALO0G10(DIAT/52)
DER=20*AL0G10(FFR/150)
AREA=( PT®*DIAT#*%2)/L F1=0.5%(1-TANH(5%*(XMREL-0.95)))
TAU=PI%DIAT/B F2=0.5%(1-TANH (15* (XMREL-0.95)))
E1=RPM/60 OVAL=TABLE( IDFAC,JMACH)+F1
BPF=B+E1 *SUBD(INC)+DBA-DBR
OVAL=0VAL+(1-F1)*SUPD(INC)

Subroutine FAN Flow Chart
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Y

QVAL=0VAL
+DBB

XMTIPS=XMTTP/SQRT (1-XMXAVE#*2 )
XMSTAR=1+0.84%B#*(_p/3)
ZETABL=XMTIPS/XMSTAR
NCOR=1+ZETAB1/0.91

*CHORD

D2=(F2*SAZ*XMREL/DL ) *#2

D3=(1-F2)*5%SAZ*2L /DIAT
FCR=D2+D3

NCOR>3

Begin DO LOOP 120
I =1,24

PRI=10*ALOG10{PR-1)* (DIAT/2L J#%2)
DLL=20*AL0G10(DL)

[ PWL1F-127+PRL
-DLL  ja> @
PWL1R=129+PRL

es

ICK=2h

CORECT=50*CHORD*SQRT( ABS (1- XMREL*#*2))

Z1=7ETARL

72=71%71

Z3=71%22

Z4=71%73

Z5=21%74
PWL1F=121.8+38.28%21-303%22+636a%3
PWL1F=PWL1F+PRL-L83%24+123%75

DUM=CORECT/ (12*SAZ®XMREL)

CORECT=10*AL0G10(DUM) ZETARL Y ES [TRLIF=PWIiT
>1.05 -DLL
CORECT=10%* | yes no |
C ] XMREL>]1 Y
ALOGIO(ES* PWL1R=184-203%21-22%72+551 #73
DIAT/(2 PWL1R=PWL1R+PRI-535%#ZL+151 %25
SAZ) )-T no —
| ——— -4
om0 7] Fi e oo oo
FFL=20*ALOG10(FFR)

Begin DO LOOP 170
J=1,24

OCTAVE-0.533
*(J-ICK)

SPLMF=PWL1F~FFL+5. 55
SPLMR=PWL1R-FFL+5. 55
THETA1=INC*10/RAD
T1=THETA1
T2-T1%*T1
T3=T1%T2
Th=T1%T3
TS=T1%Th

no

& >

no

Subroutine FAN
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AQ=-56.L42
A1=6.45E-01*T1 AB yes
A2=2.02E-03*T2 >1.05

A3=-6.T8E-06#T 28

Al=-2,9E-0T*TL
A5=8.59E-10%*T5
SPL1=SPLMR+AQ
+A1+A2+A3+AL+AS
SPL2=SPL1

SPL1=SPLMF-3.03+7.3E~02
*T1+l , 0BE=04*T2
SPL1=SPL1+2.82B-0T*T3
+8.9E-08%TL-6, 3E-10*T5

~FCORR(NCOR)

SPL1=SPLMF-1.2T+5.5E-02%T1
-2.95E-03%T2

SPL1=SPL1+7.6E-5sT3+3. LE~-OT

ngifl.ziﬁfoe*TS

[
| sPL2=SPL1-CORF(NCOR] ]
a

BPN1=10%#*(SPL1/10}
BPN2=10%**(SPL2/10)
ICOMB=COMB

Y

RSS=RS
RF=DUMA4 *DUMT
RS=RS*
RF/(RS
-RF)

no
RS=1.0E+25

BBN{NOBP1 )=BPN1

+BBN{NOBP1)

BBN{NOBP2 )=BPN2

+BBN(NOBP2)

SINMU=1/XMREL
COSMU=SQRT (1-SINMU**2)
TANMU=SINMU/COSMU
XMU=ATAN(TANMU )

TBETAS=XMXTIP/XMTIP
BETAS=ATAN(TBETAS )
SMULB=SIN(XMU-BETAS)
DUM1=1-XMXTIP*#*2
DUM2=1+(XMXTIP*#2)/5
DUM3=( XMREL*#2) / ( XMXTIP*XMTIP )
DUML=DUML #*DUM3/DUM2
DUMS=0. 5% (DIAT#*#2-DIAH**2)
DUM6=DIAT*DDDX1+D1AH*DDDXH
DUMT=DUM5/ (DUM6*COS ( BETAS ) )

ALPHA=RS /TAU*SINMU/SMULB
THETAA=13.5*ALPHA**(~0.875)/RAD
ALPHA=RS/TAU®SIN ( XMU+THETAA ) /SMULB
DUM1=2%*COS (XMU }- ( TAU/RS ) #*SMULB

DUM2=SIN(XMU)*#2+(TAU/RS ) *SMULB*DUML
THETAE=2#ATAN( (-SIN(XMU)}+SQRT(DUM2))/
DUML )
PSI1=THETAAASQRT (2 )*SIGPHI )
PSI2=(THETAE-THETAA ) ASQRT(2)*SIGPHI )
ETA=0.5%(1+ERF(PSI2))
A1=0%%]  S*SIGPHI
DUML=(2%*SIGPHI )*#2
DUM2=PSI1**2+A1*PST1+DUML
#EXP(-PSI1**2)
DUM3=PSI2*#2+A1*PSI2+DUML
*EXP(-PSIo*#2)
DUM3=DUM2-DUM3
DUMU=SIGPHI®*#2+28SIGPHI**3%
SQRT(2/PT)
DUML=DUML DUM3
SIGESQ=1-ETA+2*ETA®ALPHA®#2
#DUML
SIGEPS=SQRT (SIGESQ)

SIGAMP=0.1

N1=11312/F
PWLT=-189+T2T*XMREL~489*XMREL*#2
PWLT=PWLT+108%*XMREL**#3+10#AL0OG10
(AREA/14L)

PWLT=PWLT-20%AL0G10( ETA*B)
N=ETA*B
. AN=N
AM2=1+SIGAMP*¥*2
POWER = O

Subroutine FAN
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v

Begin DO LQOP 320
KHAR=1,N1

|
-~

AHAR=KHAR
PHPB=PI*AHAR/AN
PHPB2=PHPB¥**2

TPHPB=2%PHPB

TERM=0. 25/ (PHPB*PHPB2*AHAR )
*(1-COS(TPHPB) )+PHPB2*(2~2/PHPB
*SIN(TPHPB)))
EXPO=EXP(-PHPB2#4¥SIGEPS#¥*2 )

POWER=POWER-10%*(PWL(1)/10-17.08)
PWL(I)=0

TERM=TERM* ( AM2+EXPO
*(B-1)

POWER=POWER+TERM
[PWL{KHAR) =1 0*ALOGLO(TERM)+170. §

[cuToFF=1-0.1*EXP(23%(1-XMREL))]

i1
Begin DO LOOP 330
I=1,N1
T

_Y
ORDER=1
&MSTAR =1+0. 81 *ORDER**(-0.6667)
ZETA=XMTIP/SQRT (1- XMXAVE*#*2)
/XMSTAR

Begin DO LOQOP 350
I=1,ICUT

9

n9 LOOP
350
es

POWER=10*ALOG10(POWER)+170.8
DELPWL=PWLT-POWER
ICUTP1=ICUT+1

Begin DO LOOP 360
KHAR=ICUTP1 N1

PWL(KHAR ) PWL (KHAR )+DELPWL |

RADCOR=2Q*ALOGLO(FFR)+3.85
NQ=0

Begin DO LOOP 410
I=1,N1

1
i
ORDER = I
FREQ=ORDER*E1

REFSPL=0

REFSPL=PWL (I )-RADCOR
XMSTAR=1+0. 81 4ORDER™** -2/ 3)
ZETA=XMTIP/XMSTAR/SQRT (1-XMXAVE*#2)

Subroutine FAN
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Begin DO LOOP 380
Y n° BBN(I)=BBN(I)
+5UM

|
BETAK (K)=ZETA*ZETAK(K-1) |

|__PWL(I)=REFSPL |

¥ -
Begin DO LOOP 390 Begin DO LOOP 490
’ K=1,6 I=1,24
— |
i} K |
[ PvL(1)=PWL(I)+DIRC(INC,K)*ZETAK(K) | [ BBN(1)=10%AL0OG10(BBN(I))+CONST ]

I=1,2h
| =2

@ BPN2
Subroutine FAN
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| FUNCTION ERF(X)

T = 1/(1+0.3275911
*ABS(X))

ERF=1-T*EXP (-X*X)*(.255
+T%( -0, 284+T* (1, ho+T
*#(-1.L453+T%1.061))))

ERF = SIGN (ERF,X)

Function ERF Flow Chart



Subroutine ENGINE(
EOBLR3,BIGX,BIGY,
BIG Z

DIMENSION EOBLR{9)
-[EOBLR3 (2L), GCURVE(19),

CURVE (19), CORRCV(19

5.8
80.4

#._______a

FACT1
FACT?2

PNL500 =FACT1*ALOG10(HPENG/10)

+ FACT2+10*ALOG10(ANENG)

GAMMA=ABS (ATAN2
(BIGY,-BIGX)
GAMMA=GAMMA /DTR

#‘_____________

[ Isa=camma/10+1.5 ]

DELTA = DCURVE(ISA)
PNL500=PNL500+DELTA
SRP =

2 + BIGZ*¥*2)

SRPLG

SQRT(BIGX*#2+ BIGY**

= 20*ALOGIO(SRP/500)

Begin DO LOOP TO

= 1,9
CORR = CORRCV(ISA,I)
EOBL = PNL500 - CORR
EOBLR{I) = EOBL - SRPLG

Begin DO LOOP 90

=2, 23,3
Pl |
-y
El = EOBLR(NN) - 4.8
EOBLR3(I- 1)~El - 0. 333*(EOBLR

(NN) - EOBLR NN-1))

EOBLR3(I) =

<=

BLR3(1+1) El +
333(E¢BLR (NN)
~EOBLR(NN-1))
EOBLR3(I+1) = E1 - 0.333*(EOBLR(NN)
- EOBLR(NN+1)

NN = N+1

4’,//ELD
NO b5

58

YES

‘

Subroutine ENGINE Flow Chart




SUBROUTINE AJET(OBSPLJ,
X,Y,2, JKI

DIMENSION OBSPLJ(2h),
SPEC(2k4,6) ,DIRCT(18)

VF=VF1({JKI)
RADN=57.295780
RALFAJ=ALFAJ /RADN

XPR=X*COS (RALFAJ )-7*
SIN(RALFAJ)
ZPR=Z*COS(RALFAJ) + X*
SIN(RALFAJ)
PI=3.1k15927
GRAV=32.2
TAZR0O=59.0
PAZR0=29.92
RAD=SQRT ( X*¥2+Y**D+Z%%D)
IDUM1=XPR

IDUM2=Y

DUM1%Q
QR IDUM2¥0

GAMMA=ABS (ATAN?2

GAMMA=GAMMA*RADN

| -

e | [eamasso |

Y
[ 1nc=camma/io+1.s ]

VJ =THRUST*GRAV/WTFL)|
RMJ=VJ /SAZ

Yy

DELTJ=LO*ALOG10(TSUBJ /TSUBJO)
DELPR=10%*AL0G10{PSUBA/PAZRO)
DELTEM=35%AL0OG10(TSUBA/TAZRO)

PWL = PWL + DELPR + DELTJ -DELTEM

SPL = PWL -10*ALOGLO(L*PI

¥RAD**2) +3

|

SPL=SPL+DIRCT(INC)

AOVAO=SAZ/1117.

VREL=VJ - VF

DUM=ALOG10(VREL/AOVAO
+0.1)

INK=(DUM-2)/0.05+0.5

BEGIN DO LOOP 70
I=1,2h
OBSPLJ(I)=SPL
-SPEC(I,INK)

NO _[PWL=60*ALOG1O(VJ)
+10%ALOGI O( AREAJ)

YES

-48.0

PWL=13.5*AL0OG10{0.6T*WIFL

®yJ**2 /GRAV) +78
| Y

g

Subroutine AJET Flow Chart
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APPENDIX p

V/STOL NOISE MODEL PROGRAM LISTING

The folowing pages contain the comilation listing and cross
- reference maps for the V/STOL Noise Model on an IBM 360/50 computer.
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APPENDIX E

V/STOL Noise Subroutine For Use
With NEM Mod-5 and Mod-6 Programs

During the development of the V/STOL Noise Model it became
apparent that, while the program would be of great value in evaluating
V/STOL systems, it was too cumbersome to be used efficiently in the
Noise Exposure Model (NEM) computer program. For this reason & subroutine
designed specifically for use in the NEM program was written. The sub-
routine accepts a slant range distance and a thrust value from the main
program and returns the corresponding EPNL value for a helicopter by a
table look-up procedure. The table of EPNL values for the various slant
ranges and thrust values was established by using the output of the
V/STOL Noise Model. The subroutine, as provided, is only for a single
main rotor helicopter, however the method is completely general and can be
applied to any vehicle by providing a different set of EPNL-slant range/
thrust values.



SUBROUTINE VSTOLN (SReTR:EPML ) e

(o
C TITLEZ: VSTOLN-
Cc
C PURPOSE: TO CALCULATE THE EFFECTIVE PERCFIVED NOISE LEVEL FOR
(ot A HELICOPTER TAKEOFFs» LAMDINGs OR FLYBY AT A GIVEN SLANT
C zuc - — ———RANGE AND THRUST LEVEL. e e
Cc ;
£ _ABSTRACT: _THE.- EPNL VALUE IS COMPUTED FROM THE EPNL-SLANT RANGE .——
C CURVES REZPRESENTED BY THE ARRAY ANOISE(JsK). J=1¢10
c ——REPRESENTS SLANT RANGE DISTANCES FROM 1000 To 10,000 FT
o IN 1000 FT INCREMENTS AND K=1,9 REPRESENTS THRUST LEVELS
(of - FROM 15,000 TQO 55:000 LB IN 5000 LB INCREMENTS. THE ONLY
c INPUTS REQUIRED ARE SLAMT RANGE (SR) IN FEET AND THE MAIN
rCriezs ROTOR THRUST _IN POUNDS. _THE PROGRAM.- INTERPOLATES -OR- —
C EXTRAPCLATES AS NECESSARY.
C 2 : * — i e
C Ax . TABLE OF EPNL VALUES
c E— . o« IN ARRAY ANOISE(JsK) e
C o ‘ L ] L]
c- - I = . - o
c S ‘ [ ] L]
c - E * s e, S s K=2 . ==
C - % « K=1
c B — - . . B
C 200300 30020 o 0ok o o ok ok o o o ok Kk ok
c_ SLANT RANGE-{J).
c
C USAGE: VSTOLN(SRsTReEPNL) .
C SReeeeee s SLANT RANGE IN FEET INPUT
C TReeeses s THRUST LEVEL IN POUNDS INPUT
(o EPNLeoss osEPNL. VALUE AT SR AND TR RETURNED.
C .
G-LABELED —
C COMMON NONE
C B . — e = ] J-<~5e--=- D L === —i
C SUBROUTINES
c CALLED: NONE - - - = e
c
- Coemm
REAL LINEAR
LINEAR(DELXsX10Y3rY2+X0)= Y14(Y2~Y1)/DELX *(X0=X1) e
c : N A — s JE
DIMENSION ANOISE(10¢9)
Al _
DATA (ANOISE(Ir1)sI=1,10) 7/
$ 83.6r 7S5.1s 69.2¢ 64.1s 59.0¢ 55.2s 52.0¢ 48.00 45.0° 43.0 /
C
DATA (ANOISE(Ir2)sI=1,10) / —— ~ - - i ——
$ 86.8r 78.7¢r 73.07 68,00 63.5¢ 600+ 56.8¢ 53+37 S0.8¢ 48.8 /
- -
DATA (ANCISE(I¢3)s1=1,10) /
$ 89.0r Ble0s- 75,5 71,00 67,00 63.5¢ 60.l4r 57.4¢ 55.0¢ 53,0 /

-DATA-(ANOISE{I ely)-»I=1+10) / - —

$ 90.8¢ B3.1r 77,90 73.35 69.71 66:2¢ 63c1s 6051 SBole 55.2:/

N

DATA (ANOISE(I»S)»I=1,10) /

$ 92,00 B4.8+-79.5¢ 75.2s 71.7s 68.5s 65.5¢ 63+0¢ 61.0» 59,0 /



DATA (ANOISE(I»6)sI=1,10) / - ——
$ 93.0r B6.00 B0s8r 76,7+ 7320 70.1r 67.5¢r 65.19

DATA (ANOISE(Ie7)rI= 1r10) /
3 93,8¢ B86.90 8l.8r 77.8s T4e7r 7169 69.00 66489

63 0' 6l.1 7

©65.0¢ 63.0 /

C
DATA (ANOISE(I¢B),I=1,10) / :
$ 9“.“' 875 82.5' 79.5! 75.4' 7207' 7001' 68-0' 6600' 6“!1 /
L .
DATA (ANOISE(I¢9)sI=1,10) /
$ 95.0r 88+2¢ B3.30» 79,50 7651 73.8¢ 70.50 69els 67:e5¢ 65.8 /
C

DATA SRMIN/1000./» SRMAX/10000./+SRDEL/1000./
DATA TRMIN/15000./¢TRMAX/55000./+TRDEL/5000./
J=0

K=0
IF (SR +LT. SRMAX ) GO TO 5 -
J=10 N
GO TO 10 - —— - m — — B
5 IF (SR .GT., SRMIN ) GO TO 10
- J=2.
10 IF (TR .LT. TRMAX ) GO TO 15
. K=9 J— - Wi 5 - — - i — —
GO TO 20
15 IF (TR .GT. TRMIN ) 60-TO 20 —— - - -
K=2

- —=20-IF -(J—=EG+ 8)- -J= SR/SRDEL +-1.,0001

25 IF (K .EQ. 0) K= TR/TRDEL - .9999
o - SR1Z (J=1)#SRDEL  -—— - — =

TR1= (K-1)*TRDEL + 10000,

--2% = LINEAR(SRDEL»SR1+ANOISE{J=1+K=~ l)oANOISE(JoK-l)vSR)
z2 = LINEAR(SRDELSR1, ANOISE (J=1/,K 'ANOISE(J'K)'SR)
— EPNL = LINEAR(TRDEL¢TR1¢21¢22s . .. _ TR_}___ _ = .
RETURN '
——END
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APPENDIX F

REPORT OF INVENTIONS APPENDIX

In regard to the patent rights (license) clause of the contract,
a review of the work performed has been made and as far as can be deter-
mined there were no subject inventions conceived or first actually reduced
to practice in the course of or under the contract. There were no sub-
contracts awarded for the conduct of experimental, developmental or research

work.







