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ABSTRACT

Details of the design and performance of a wide band, high intensity, acoustic
test facility are presented, The wide band siren, horn network, sound isolation
room, noise measurement and analysis instrumentation, input power requirements, and
measured performance characteristics of the facility are described. The problem of
the presence of several discrete frequency peaks in the spectrum of the original
siren configuration is discussed along with techniques which were investigated to
improve the spectrum, Frequency modulation of the rotor speeds is shown to result
in a relatively smooth, continuocus randon spectrum, The limited spectrum shaping
capabilities of the siren are discussed. Recommendations are made for improvements
that could be incorporated into future designs of sirens of this type.

114



Esptnadls

Approved for Public Release



AFFDL-TR-66~8

TAELE OF CONTENTS

SECTION

I Introduction . . . . . - . . .

II  Design and Development of a Wide Band Siren

Design Approach * 4 s+ e e s
Siren Design e & e a4 s
Rotor Design s v s s+ = s & e
Rotor Drive and Centrol T e s e
Bearings and Lubrication * s e e s
ITI  Horn Network e = & e s + s s
Introduction and Objectives e e s a

Design Approach . . . . . . . .

First Horn Section e s+ e a2 s a

Second Horn Section T

IV  Facility Performance ¢ s s a4 s u
Introduction L
Overall Sound Pressure Level . e .
Spectrum s s 4 s e s 4 .

Alr Inlets e s &+ = a4 o s

Rotor Housing e = & s 4+ s+ e »

Rotor Speed Ratios L .

Rotor Rotation « ¢ & = e e e

Rotor Speed Modulation L T
Amplitude Distribution e e s s s
Multirotor Comparison « s % e 4
Spectrum Shaping s e s s s s e

PAGE

10

11

11

11



AFFDL-TR-66~8

TABLE OF CONTENTS (Continued)

SECTION
RMS Versus Peak Sound Pressure Levels . .
Pressure and Air Flow B
Vv  Conclusions s & e s e e & e = = »
VIl  Summary « s s e 8 s » s s s e

Appendix Facility Descripticn s s s = »

References . . . . . . . . . . - .

vi

PAGE
12
12
13
14
15

17



AFFDL-TR-66-8

11.

1z,

13.
14,

15,

i6.

17.

18.

19,

20,

ILLUSTRATIONS
Wide-Band Noise Facility s & s s ® w & e + s & a
Wide~Band S5iren - Side View e s s s & e s s % s
Wide~Band Siren - Cross-Sectional View at 45 Degrees «
Wide-Band Siren System = Side View e e 4+ s s s+ =
Wide=Band Siren with Top Half of Rotor Housing Removed P
Siren Rotor Blades a e s e = e e s e s + e s =
Wide~-Band Siren Motors and First Horm Section . ¢ 4 e s
Horn Network and Siren e & ® s s & s s = = + & =
Typical Construction of Small Horn Section T
Mouth of First Horn Section s« s+ & e &2 s s e s = »

Carriage for First Horn Section - Shafts, Bushings,

and Housing

L] -» L] - L - - L L] » L] - - L] L] L]

Siren with First Horn Section and Air Inlets - First

Horn Pulled Forword e s+ s = & 8 s & e + & & @
Horn Network - Inmer Shell e« » & s s+ s e o e =
Facility Operating Characteristics « o & s ® e s s
Overall Sound Pressure Level Distribution - Semiprogressive

Waves (Top View) ¢ 2 8 a2 e e e & = & a ® = »

Narrow-Band

Spectrum at Large Horn Mouth; Modulating Rotor

Speeds; Reverberant Room; Three Air Inlets; No Rotor Housing .

One-Third Octave-Band Spectrum at Large Horn Mouth; Modulating
Rotor Speeds; Reverberant Room; Three Alr Inlets; No Rotor

Housing

Narrow=Band
Reverberant

Narrow-Band
Room; Top =

Narrow=-Band
Reverberant
Bottom - No

- » L] L] - - » - L] » a - L] L] -« - -

Spectrum at Large Horn Mouth; Constant Rotor Speeds;
Room; Four Air Inlets; With Rotor Housing « s =

Spectra at Large Horn Mouth; Single Rotor; Reverberant
Four Air Inlets; Bottom = Three Air Inlets . s

Spectra at Large Horn Mouth; Constant Rotor Speeds;

Room; Three Air Inlets; Top - With Rotor Housing;
Rotor Housing e o & & s & ® s+ 8 ® e »®

vii

PAGE
18
19
20
21
22
23
24
25
26

27

28

29
30

31

32

33

34

35

36

37



AFFDL~TR-66-8

FIGURE

21.

22,

23,

24,
25,
26,
27.

28,

29,
30,
3l1.
a2,
33.
34,

35,

ILLUSTRATIONS (Continued)

Narrow=Band Spectrum at Large Horn Mouth; Constant Rotor Speeds;
Reverberant Room; Three Air Inlets; No Rotor Housing; Speed

Ratios Based on 4th Root of 2 ¢ s e s+ s e e & e @
Schematic Diagram for Rotor Speed Modulation + & + & s

Amplitude Probability Density Function Comparison for Constant
and Modulated Rotor Speeds e v s & s e a2 s & s =

Effect of Individual Rotors omn Spectrum Continuity . s e
Spectrum Shaping by Changing Rotor Speeds e s o s 2 s »
Spectrum Shaping by Changing Horn Section and Rotor Speeds . .
Spectrum Shaping by Absorption . o+ « « ¢ o &+ + » s .

RMS Versus Peak Sound Pressure Levels; One-Third Octave-Band

Analysis » e+ s & & & s s s s s s s s = e @
Overall Sound Pressure Level Versus Air Pressure + s e s
Overall Sound Pressure Level Versus Air Mass Flow * s s s
Wide Band Facility Power Schematic T
Effects of Pressure and Mass Flow on the Spectrum . s e e
Instrumentation and Operating Station + & & » & & & =
Noise Facility Instrumentation Schematic s e e % e e e

Typical Free Field Calibration Curve for 21 BR=200 Altec
Microphone - Parallel Incidence P

viii

PAGE

38

39

40
41
42
43

44

45
46
47
48
49
50

51

52



AFFDL=-TR=66-8

SECTION I

INTRODUCTION

The intense wide band acoustic noise associated with rocket and turbojet engine
operation has long been recognized as an environment which can be detrimental to
structures, equipment, and persomnel. Many attempts have been made to simulate this
noise in the laboratory both for research and ad hoc proof testing of design con-
figurations. Several types of noise generators have been used in these acoustic
test facilities such as loudspeakers, discrete frequency sirens, electromagnetically
operated air valves, air jets, and wide band sirens (References 1 and 2). One of
the most promising techniques developed for economical and realistic simulation of
high intensity acoustic noise is the wide band siren invented and initially developed
by von Glerke and Cole (Reference 3), This report discusses the design and per=-
formance of an acoustic test facility which utilizes a wide band siren of this type,
It differs in many respects, however, from the original confipurations built and
tested by Cole, et al, (References 4, 5 and 6).

The facility was designed, fabricated, and further developed in the Air Force
Flight Dynamics Laboratory, Wright-Patterson Air Force Base, Ohio. It is the purpose
of this report to present some of the problems that were encountered during the
development of this facility, particularly for the siren, and their solutions with
the hope that it will aid in the future development of this type of noise source.
Figure 1 shows the facility which was developed under this program, Details per-
taining to the general facility are found in the Appendix,
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SECTION II
DESIGN AND DEVELOPMENT OF A WIDE BAND SIREN
DESIGN APPROACH

The noise generator utilizes the basic operating principles of nonperiodic
mechanical modulation of the mass flow of air through a nozzle (References 4, 5 and
6).

The wide band siren was designed and developed with the following objectives in
mind:

1, Obtain a versatile and dependable acoustic environmental test tool;

2, Obtain a test tool which would have a greater acoustic power output and
which would be more efficient than the original models;

3., Utilize an existing air supply; and
4, Obtain a test tool that would be relatively inexpensive.

To ensure versatility and dependability, the siren and horns were to be con-
structed in such a manner that they would be semiportable, This semiportable facil-
ity was to be an acoustic environmental test tool that could be used to simulate
present day jet and rocket noise, and would have adequate acoustic power to meet any
estimated future test requirements for equipment and subsystems, and would be me-
chanically sound. Cround emphasis was placed on designing facility components that
would have long service life and require infrequent teardown for inspection and
lubrication, Special attention was given to the material and shape of the siren
rotors since some similar type sirens in the past have had short lives due to rotor
fatigue problems.

To achieve the objective of greater acoustic power and efficiency, the approach
adopted was mainly to increase the mechanical and electrical power into the system
and reduce the air losses throughout the system. In addition it was desirable to
have some capability for spectrum shaping and to have a greater range and better
control of rotor speeds,

The design was to combine compactness with versatility into a semiportable
facility that could be easily adapted to a limited number of combined environments.

SIREN DESIGN

The siren by itself, is relatively small and compact (References 7 and 8). The
maximum diameter, including the housing, is 12 inches (305 mm); the length also is
approximately 12 inches (305 mm), Figure 2 shows a close-up of the siren without
the housing; a cross sectional view is shown in Figure 3., The four rotors revolve
around a single fixed shaft with a clearance between the rotors of approximately
0.030 inch (0.7 mm), The two outer rotors rotate over the two inner rotors. Each
is driven independently through a V-belt by a 2-horsepower DC motor, Speed and
direction of each rotor are controlled from a remotely located control booth. The
rotors are enclosed in an annular-shaped cast aluminum case in which a close control
was kept on the gap between case and rotor, thereby reducing the air losses.
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The siren with the first horn section is shown in Figure 4, The air supplied
by the compressors flows (from right to left in Figure 4) through the wall of the
room via the hoses, then through the inlet tubes to the four nozzles that are mounted
in the rotor case, The air flow is modulated by the four irregularly shaped rotors
located in the rotor case. (See Figure 5.) The air exhausts from the rotor case
via the four small horns which make up the first horn section.

ROTOR DESIGN

The design of the rotors received great emphasis. As stated earlier, rotor
fatigue was a problem in previous siren designs, Several techniques were used in
an effort to eliminate this problem: (1) rotor material was chosen to combine the
characteristics of a high endurance limit, corrosion resistance, and good machina-
bility; (2) stress concentrations resulting from sharp corners, tool marks, etc.,
were eliminated as much as possible, and (3) rotor shapes were designed to eliminate
severely stressed portions, such as the rotor rim.

The rotors were made of Armco 17=-4 PH heat-treatable, stainless steel which in
its heat-treated state, has several desirable properties. It has an endurance limit
of approximately 90,000 psi (63,3 kg/mmz), a yield strength of approximately 185,000
psi (130 kg/mmz) an ultimate strength of around 200,000 psi (140 kg/mm?), and is
still machinable to the extent that it can be turned, milled, or ground, The rotors
were fabricated by first forging their rough shape, then heat-treating the steel,
and finally machining the rotors to the final dimensions.

The various shapes of the rotors are shown in Figure 6. The preliminary design
included a rim on the outside periphery of each rotor. However, since each rotor
was designed to be 80 to 85 percent open, the resulting span along with the contem-
plated high rotor speeds created a rim deflection far in excess of that which could
be tolerated. For this reason the rims were removed, Figure 6 shows that each
corner of each rotor has a radius. The small radii were used initially to reduce
stress concentrations in each corner. In addition, special attention was paid to
the elimination of tool marks and scratches that might act as stress raisers, Stress
calculations based on the assumption of a biaxial stress condition resulting from
the combined effects of radial forces, hoop stresses, bending stresses induced by
the fluctuation of the air pressure load, and typical stress concentration factors
showed stresses well below the endurance limit of the material, The larger radii
and the cutout that can be seen on the blades in Figure 6 were necessary in order
to dynamically balance the rotors. A rough balance of each rotor was obtained by
first calculating and then milling out the necessary material on the downstream side
of some of the rotors. The fine balance was achieved by checking on a Gisholt
balancing machine, increasing the size of the radii on the blades and removing stock
from the rotor periphery, where necessary.

The number and position of the blades on each rotor were chosen in a somewhat
arbitrary manner, The main criteria in the design of the rotor blades were: (1)
to be most effective they should be large enough to completely close off an air
port; (2) they should vary in size; and (3) the blades of a given rotor should be
a different distance apart than those of any other rotor. The blade sizes and dis-
tances were varied with the expectation that it would help to randomize the output
of the siren,
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ROTOR DRIVE AND CONTROL

Each rotor is driven independently by a 2-horsepower DC motor through a V-belt.
The motors are mounted below and on an angle of 45 degrees as shown in Figure 7.
The rotor speeds are variable and can be controlled from as low as 625 rpm to as
high as 5000 rpm, The motors are reversible and hence the rotors can all be rotated
in either the same direction or counterrotated. The speed and direction of each
rotor 1s monitored with tachometers and controlled from the control booth mentioned
previously, The tachometers are powered by AC tach-generators that are mounted on
each motor, Each motor receives its power from a 300=-volt DC rectifier which, in
turn, receives its power from a 440-~volt AC single phase source.

BEARINGS AND LUBRICATION

The ball bearings used in the siren are precision (AEBC-5 and 7) angular-contact
bearings loaded with a light preload, The lubricant used in the bearings is an
aircraft and instrument grease~type bearing lubricant, conforming to MIL-G-3278A,
Four different-sized bearings were used in the siren as shown in the cross-sectional
view in Figure 3,

The smallest bearings are located near both ends of the fixed shaft. The second
smallest bearings, also on the shaft, were duplexed in a manner to resist pulsating
loads from the air flow. No problems were expected with these bearings because of
their small size and the anticipated relatively low rotor speeds, For this reason
no provision was made for lubricating the small bearings other than a complete
teardown of the siren.

The two larger-sized bearings, however, appeared to be more of a problem. These
bearings, as shown in Figure 3, separate rotors A and B from each other and rotors C
and D from each other. The rotors A through D are lettered from left to right in
Figure 3. The two outside rotors, A and D, are fitted to the outer race of the
bearings, while the two inside rotors, B and C, are fitted to the inmer race of the
bearings. This means that if the adjacent rotors are counterrotated, the relative
speed of the large bearings would be the sum of the two rotor speeds., For these
size and type bearings, and using grease as a lubricant, the bearing manufacturer
recommended a maximum speed of 6300 rpm in order to obtain a relatively long bearing
life,

*The dimensions of the siren components contacting the bearings were considered
to be quite critical., A highly accurate degree of machining was required during the
actual construction of the siren. Special consideration was given to the depth and
diameter of the bearing seats, and to the length of the spacers used between the
inner races of opposite bearings. The length of the spacer between the inner races
of the bearings was required to have the same dimension as that of each corresponding
rotor which acts as a spacer between the two outer races. This perfect matching of
dimensions was necessary in order to obtain the proper bearing preload.

Grease shields were attached to each rotor to cover the bearings. These shields
were intended to prevent or at least reduce the loss of grease normally experienced
from centrifugal force and air pressure on the bearings.

The siren shaft, alsc machined of Armco 17-4 PH stainless steel, was supported
on both ends by cast aluminum supports. The total weight of the siren including the
end supports was 53 pounds (24 kg). -
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SECTION III
HORN NETWORK
INTRODUCTION AND OBJECTIVES

A hormn network having an acoustic capability that would match that of the siren
was required to insure efficient tramnsmission of acoustic power from the siren to
the test area, The goals for the design of the horn network were: (1) a low cutoff
frequency of approximately 115 cps; (2) a well damped structure; and {3} sufficient
flexibility for spectrum shaping purposes. This cutoff frequency was chosen for
several reasons. First, it was initially intended that this facility be used to
test equipment having resonant frequencies above 115 ¢ps. Also, the horn was to be
designed to be compatible with an existing reverberation chamber. The chamber
limited the size of the horn and thereby the cutoff frequency.

DESIGN APPROACH

A number of approaches were considered prior to the selection of the final design
for the horn network. Two main approaches considered were: (1) a horn network with
a throat large enough to encompass all four air passages; (2) one consisting of four
separate horns matched to each ailr passage and hence to each noise source. The first
of these approaches was discarded because of the impedance mismatch which would occur
between the horn and the siren. Noise from the four separate noise sources would
exit from the siren which has an area much smaller than the cross sectional area of
the horn causing an impedance mismatch and a reduction in acoustic power transmitted
to the test area,

The second approach was adopted but a number of items had to be investigated
prior to proceeding with the final design. The items considered were: (1) four
small horns with circular throats expanding conically or exponentially to a circular
mouth to a point where the four horns would merge together; (2) four small horns
also with circular throats expanding conically or exponentially to a square mouth at
the merging point; (3) four small horns with square throats expanding pyramidally or
exponentially to a square mouth. The first of these considerations was discarded
because, from an air turbulence and impedance matching viewpoint, it would be ad-
vantageous to have as large a cross-sectional area as possible where the four hornms
merged together. The point of merger would be the same for a circular or square
cross section, but the latter presented a larger cross-sectional area. The second
of these considerations was rejected because of the problems involved in using the
material selected to comstruct the horns since they would be required to change in
cross section from circular to square. The horns that were designed are the result of
further investigation of the third consideration which in reality was a compromise
of the three approaches. The design was based upon both calculated and experimental
data, with the main purpose of obtaining a usable, efficient, and versatile test
tool, The siren and both horn sections are shown in Figure 8.

FIRST HORN SECTION

The first horn section was mounted on the same semiportable carriage as the
siren. It consisted of an inner portion of four small horns and an outer shell, the
space between being packed with very fine sand.

Weldable aluminum, 1/4 inch thick, was used to conmstruct the four small horns.
Two expanding channels were formed and then welded together along the full length of
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the horn as shown in Figure 9, The throats were approximately 1.5 inches by 1.5
inches square with a 0,5-inch radius on the four corners, The acoustic match is
essentially the same as it would have been had the throats been circular, since a
square of this size with half-inch radii in the corners is nearly circular in shape.
The horns expand pyramidally over a distance of 30 inches to a horn mouth of approxi-
mately 6 inches by 6 inches. The horns were flared pyramidally and not exponentially
in order to simplify construction, since the flare of one would not greatly differ
from the flare of the other over this short distance and small cross sectiom,

Each of these small horns was mounted on the same center line as the four inlet
tubes and nozzles, The throat end of the small horns was slip fitted, via brass
inserts, into the rotor case to reduce the air losses. The mouth ends of the small
horns were merged together 30 inches downstream from the throats. The first horn
section, mounted in front of the siren, is shown in Figure 10, It is mounted upon
commercially available ball bushings by means of a ball bushing housing. (See Figure
11.) The ball bushings are mounted on the two shafts which, in turn, are mounted on
the same semiportable carriage as the siren., This enables the first horn section,
which has a total weight including the sand of about 200 pounds, to be pulled away
from the siren with a horizontal force of about 5 pounds (Figure 12), This provides
an easy access to the siren and insures that the four small horns will always be
aligned with the openings in the siren housing.

SECOND HORN SECTION

The second horn section is also made up of a double wall construction and begins
where the first horn section ends =-= at the merger of four & inch by 6 inch mouth
sections for a combined mouth dimension of approximately 12 inches by 12 inches.
This, therefore, determines the throat size of the second horn section. The inner
portion of the second horn section flares exponentially to a mouth with the approxi-
mate dimensions of 37 inches by 29 inches. The dimensions of the horn mouth were
chosen so that the horn would be compatible with an existing reverberation chamber,
The inner portions of both the first and second horn sections are shown in Figure 13.
The inner walls of the second horn section were fabricated from 1/4 inch thick
weldable aluminum, the four sides were cut from a sheet of aluminum bent to the
proper exponential shape and welded along the four edges. The length of the second
horn section was approximately 43 inches., The outside shells of both horn sections
were constructed of 1/8 inch thick aluminum and attached to the inner portion via
bolts and an aluminum channel. Taking into account the flare constants, the area
of the mouth and the length of the horn, the cutoff frequency was calculated to be
approximately 115 cps (References 9 and 10). The total weight of the second horn
section, including the sand, was approximately 800 pounds. The second horn section
is mounted on a three-wheeled carriage and can easily be positioned in front of, or
removed from the firat horn sectiomn.

The sand damping of these two horn sections has proved to be highly effective.
The acoustic loss from the vibrating horn panels is negligible and sand leakage is
nonexistent,
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SECTION IV
FACILITY PERFORMANCE
INTRODUCTION

The performance of this facility has been evaluated in detail and a large
amount of data collected and analyzed. This report presents only a portion of the
total collected data, It includes performance data on the original configuration
of the facility, and on modified configurations at various stages of development,
Figure 14 summarizes some of the more pertinent operating characteristies of the
facility.

OVERALL SQUND PRESSURE LEVEL

The maximum overall rms sound pressure level measured across the 1 x 1 foot
cross section of the small horn was 172 db (re: 0.0002 dynes/cm2), The maximum
level across the large horn mouth was 165 db for a reverberant room and 163 db for
a semianechoic room, The SPL profile for the semianechoic configuration is shown
in Figure 15,

The lobes between 20 degrees and 90 degrees on both sides of the room represent
a constant overall sound pressure level and a nearly identical spectrum, The drop-
off in sound pressure level with distance as shown in Figure 15 is the same regard-
less of the power setting of the siren,

SPECTRUM

The spectrum of the noise output of the siren was evaluated by performing octave
band analyses, one-third octave band analyses, and constant bandwidth narrow (3.5
cps at the half-power point) band analyses. The investigation included analyses of
the noise output of each rotor operated separately and in combinations of two, three,
and four. A great number of speed combinations were investigated, pressure and air
mass flows were varied, the effect of rotating all four rotors in the same direction
versus counterrotation was examined as well as the effects of modulating the rotor
speeds. In addition various physical configurations of the original siren setup
were altered and investigated until a spectral output of the siren was obtained that
met the requirements of a good test spectrum, namely, it was continuous and contained
random characteristics,

The best spectral output cbtained from the siren is shown in Figure 16, This
represents a 3,5 cps bandwidth analyses and shows a continuous spectrum with a mini~
mum of discreteness. Figure 17 is a one-third octave band analysis of the same
siren output, The spectral output of the original siren configuration, though,
differed greatly from that shown in Figure 16. The original spectrum did not have
the continuous, relatively equal spread of energy as shown in Figure 16, but rather
approached a line spectrum and showed large dropoffs from one frequency to the next.
Figure 18 is a typical representation of these original spectra since the same dis-
continuity existed regardless of the rotor speeds. The frequenecy of the peaks,
however, did vary with a variation in rotor speeds, Some of the rms peaks for differ-
ent rotor speed combinations reached as high as 25 db above the surrounding valleys
as shown in Figure 18,

The spectrum consists of the harmonic series of each rotor plus the sum, differ-
ence, and multiplication of the four harmonic series, Eight or more of the higher
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pressure components are easily traceable to the rotors that caused them., The main
components shown in Figure 18 are 4 and 8 times the fundamental frequencies, the
four fundamental frequencies being equal to the cps of each rotor,

Two problems were realized as a result of looking at the above described analy-
sis. First the rms amplitude of some of the pressure components was far above the
neighboring peaks, Second, the distances between some of these peaks, in cps, were
far too large for the sirem to be an effective test tool. The spectrum shown in
Figure 18 was considered unsatisfactory, especially in the event rescnant frequencies
of a test item were unknown and could possibly be located in some of the deep valleys
of the spectrum,

Air Inlets

The first of these two problems was partially solved by making some changes in
the original siren configuration. The first change was to reduce the number of air
inlets from four to three. It was discovered, by means of narrow band analysis of
single rotor spectra, that there was considerable cancellation of harmonic components
due to the symmetry of the four air inlets. Figure 19 shows single rotor spectra
with four and three air inlets., The acoustic energy, when using four air inlets,
was redistributed from a large number of components to only a few. A similar effect
was observed when two air inlets were used 180 degrees apart. Air supplied by ome
or two air inlets, located 90 degrees apart, did not result in cancellation as shown
in Figure 19 for the four-inlet configuration, but rather resembled the three-inlet
configuration,

It was also observed that for a given alr mass flow and pressure the overall
sound pressure level was 2 to 4 db lower when the two inlets were located 180 degrees
apart as compared to the two inlets located 90 degrees apart. The three-air inlet
configuration was congidered most desirable because a higher mass flow at a lower
pressure can be passed to the siren than when using one or two inlets. Alr inlets
located in an unsymmetrical manner should be even more desirable for this particular
siren since using three inlets in the present configuration still results in two
inlets being 180 degrees apart. The effect on the four-rotor spectrum of reducing
the number of air inlets from four to three can be seen by comparing the top curve
of Figure 20 with Figure 18, For a constant overall sound pressure level, the peak-
to~valley distance has been reduced.

Rotor Housing

In addition to the symmetry of the air inlets it was discovered that the rotor
housing was also contributing to the large differences between some peaks and valleys.
Figure 20 clearly shows the effect that the rotor housing has on the spectrum, The
rotor housing, as discussed earlier, was designed specifically to increase the effi-
ciency of the siren by eliminating the air losses throughout the siren as much as
possible. It has been theorized that this design aspect along with the large open
areas of the modulating portion of the rotors was causing the effect shown in Figure
20, The air from any one inlet, as it was blocked by a rotor blade, would be able
to circulate throughout the siren because of the large open areas of the rotors.

The rotor housing would prevent this air from escaping into the surrounding room and
the air would be forced to exit through all four horns, This results in the cross-
modulation effect being by-passed and a greater concentration of energy in the main
harmonic components, These main harmonic components are the 4th, 8th, and 16th

of the harmonic series of each rotor. The influence of the four small horns is
clearly shown with the main components being multiples of four,
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Attempts were made to resolve this problem without removing the rotor housing,
The housing was depressurized by various means, but this did not eliminate the effect
on the spectrum contributed by the rotor housing, The air was still channeled by
the housing into the four horns. Removing half of the rotor housing reduced the
effect, but the spectrum still was not as good as it was with the entire housing
removed, An coctave band comparison of the siren with and without the rotor housing
shows approximately a 5-db increase in sound pressure level in the first two octave
bands, 37,5 to 75 and 75 to 150 ¢ps with the housing removed, and a 2- or 3-db re—
duction in the octave bands above 500 cps with the housing removed. Pressure, mass
flow and velocity of the air flow has little or no effect on the relative comparison
of spectra with and without a rotor housing for this particular siren. Most likely
the rotor housing effect would be eliminated without removing the housing if stators
could be added between the rotors. The air flow would then be restricted to a
passage stralght through the siren from the inlet to the opposite horn and thereby
enhance the cross-modulation effect,

As a result of the effect described above, operation of the siren without the
rotor housing was adopted as an operating parameter, The maximum efficiency of this
system with the housing was approximately 10 percent; this efficiency was reduced to
8 percent with the removal of the housing,

Rotor Speed Ratios

A solution to the second problem of large gaps between peaks was sought by first
trying to find a four-rotor speed combination which resulted in the largest number
of discrete peaks. Rotor speed ratios based on the 4th root of various numbers
were investigated. The 4th root ratios were used since they are irrational and the
resulting harmonic series from each rotor contained discrete peaks which did not
exactly coincide with the peaks of the harmonic series of the other rotors, Figure
21 shows the best spectrum that was obtained by this method. The speed ratios in

this cage from the downstream rotor were (2.0)1/4, (2.0)1/2, (2.0)3/4, The spectrum
shown in Figure 21 is relatively good in comparison to the original spectra, This
spectrum represents the combined development efforts of reducing the number of air
inlets, removing the rotor housing, and obtaining speed ratios that resulted in the
largest number of discrete peaks, The effect of the rotor housing and the four air
inlets on the spectrum created by these rotor speed ratios is the same as that shown
previously for the other rotor speed ratios. The spectrum shown in Figure 21 is
repeatable, from a frequency standpoint, with time; only the amplitude changes with
time. However, a degree of noncontinuity and discreteness still existed,

Rotor Rotation

The direction of the rotation of each rotor relative to the adjacent rotor was
investigated for its effect on the spectrum. By means of a narrow band analysis it
was found that there is no significant effect on the spectrum when the rotors are
rotated in the same direction as compared to counterrotation, The same discrete
peaks exist at approximately the same rms amplitude regardless of whether the rotors
are all rotated in the same direction, whether the first two are rotated in one
direction and the last two in the opposite direction, or whether all four rotors are
counterrotated. Since counterrotation of the rotors results in the speed of the
large bearings being equal to the sum of the two rotor speeds, rotation of the
Yotors in the same direction would result 1in a lower bearing speed and therefore
longer bearing life. (See Figure 3.) However, when the adjacent rotors are rotated
in the same direction there is a coupling effect between the rotors which is
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significant when air pressure in excess of 5 psig is applied to the siren, The
rotor operating at the higher speed causes an increase in the speed of the lower
speed rotor, The magnitude of this coupling depends on the alr pressure and mass
flow. Individual rotor speed control is virtually impossible at high pressures

when the rotors are rotated in the same direction, For this reason and since the
direction of rotation has no apparent effect on the spectrum of this siren, counter-
rotation was adopted as an operating parameter,

Rotor Speed Modulation

The frequency modulation of the rotor speeds was considered next to further
improve the spectrum, This investigation started with the spectrum shown in Figure
21, It was reasoned that, if the energy represented by the discrete peaks shown in
Figure 21 could be shifted to some frequency where it was relatively low and then
shifted back to its original position, after a certain length of time the spectrum
would represent an averaged rms spectrum., It would be average because the rms level
would change with time and with the sweep of the rotors, If this time value were
kept short enough, then for all practical purposes, the spectrum would be continuous
and nondiscrete. The investigation for this spectrum became rather lengthy and for
this reason only the results are presented.

The spectrum that was adopted for general use is shown in Figure 16, Notice
that the analyzer frequency sweep rate, the recorder writing speed, and the recorder
paper speed are the same for all the narrow band spectra shown in this report, This
was done in order to make a direct comparison possible between the spectra of Figure
16 and all other spectra in this report.

The spectrum shown in Figure 16 is conspicuous by the absence of the high pres-
sure components and the deep valleys; it is continuous and relatively smooth. To
obtain this spectrum each rotor was swept over a different rpm range thereby dis=-
tributing the power more evenly over the frequency range, The rpms and ranges used
to obtain this spectrum are not consistent with the starting point of the investiga-
tion, but do represent optimum operating conditions discovered.

A number of parameters had to be considered prior to the development of a suit-
able technique for sweeping the speeds of the rotors. Some of the different items
are: (1) the sweep rate of each rotor; (2) the sweep range of each rotor; and (3)
the starting rpm for the sweep of each rotor. The choices of the sweep rate and
sweep ranges for each rotor are the result of a compromise since both were dependent
upon the same limiting factor, that being the surge in curremt which accompanied
each motor as it swept to a higher rpm. The rate and range of sweep affected the
current as did the air load on each rotor.

Operating the siren under maximum load conditions, the rate and ranges were
chosen so that the current did not surge past the allowable limit. The starting
point for the sweep of each rotor was chosen as a result of a large number of ex=-
perimental investigations which were based on the parameters described above.

A schematic for the siren sweep control circuit is shown in Figure 22, This
particular sweep configuration operates from a common 110 Vv AC electrical source,
The sweep of each rotor is individually controlled and arranged so that none of the
sweeps is in phase. The acceleration and the sweep distance are different in each
case., These precautions were taken in order to keep the noise output as random as
possible. The period of each sweep cycle can be varied anywhere from 1.5 seconds
to 6 seconds, while the sweep range can be varied from 50 to 1000 cps.

10
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The sweeping serves two main purposes. It is an added means of modulating the
air streams and therefore enhances the possibility of random amplitude distribution,
The sweeping rotors also result in a constantly changing harmonic series for each
rotor, This, in turn, adds to the cross modulation of the harmonic components and
to the spreading of these components over a wider frequency range., Therefore, after
a short period of time, practically all frequencies over the band of 40 to 16,000
cps show sufficient energy for the spectrum to be considered continuous.

In analyzing the nolse output of this siren, the data shown in Figure 16 was
recorded on a full reel of tape and played back through the narrow band analyzer,
The analyzer frequency was swept at a rate of 0,5 cps. With each rotor sweeping
cycle equal to 3.5 seconds, or less, and each bandwidth equal to 3.5 cycles, the
analyzer was swept slow enough for each 3.5 cycle band to "see" at least two com-
plete rotor sweeps., The data in Figure 16 therefore, represents an rms averaged
level for each narrow band of noise,

The spectrum obtained by the sweeping rotors is a great improvement over the
original spectra of this siren. The sweeping spectrum is relatively smooth, con-
tinuous, and has random characteristics,

Amplitude Distribution

The amplitude distribution characteristics of the siren while operating with
constant and sweeping rotor speeds closely follow the Gaussian distribution, Figure
23 shows a comparison of certain frequency bands for both nonsweeping and sweeping
rotors with a Gaussian distribution curve, Notice the flat portion of the curve
representing the 40 to 125 cps band for constant rotor speeds, This curve shows
sinusoidal characteristics due to the large peaks that appeared previously within
this band, The low frequency bands for sweeping rotor speeds follow the Gaussian
distribution closely while the high frequency bands for both nonsweeping and sweeping
rotor speeds have a greater density about the mean value, The sweeping, however,
does result in an improvement in all bands over the nonsweeping rotor speeds.

Multirotor Comparison

Figure 24 compares l-rotor, 2~rotor, 3-rotor, and 4-rotor spectra, The com-
parison shows how the spectrum becomes more continuous with the addition of each
rotor, The question arises as to whether four rotors are the optimum number or
whether a fifth or sixth rotor could be used to obtain a more continuous spectrum,
It becomes largely a question of efficiency. If too many additional rotors were
added downstream, the upstream rotor would become less useful, The optimum number
of rotors would be determined by the point at which the best spectrum would be ob-
tained with no loss of acoustic power.

Spectrum Shaping

The spectrum shaping capability of the siren is limited to either changing the
rotor speeds or changing the shape of the horn network. Spectrum shaping by chang-
ing the rotor speeds is in itself quite limited and is not sufficient to meet the
needs. Since the rotors of the siren are frequency modulated up to 1000 rpm, the
fundamental frequency is shifted up to 17 cps. The change in the spectrum caused by
the sweeping rotors is insignificant when observed on a one-third or octave basis.
Figure 25 shows the extent of the spectrum shaping that can be accomplished by oper-
ating the siren at extremely high and low speeds. A general shaping can be attained

11
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but the level in any one-third octave band is not adjustable with respect to another
band and therefore a fine shaping capability is not available through changing the
rotor speeds,

Additional shaping can be attained by changing the shape of the horn network.
In this case it consists of the removal of the large horn section resulting in an
increase in the cutoff frequency of the horn network. The effect on the spectrum
of removing the large horn section is shown in Figure 26. This figure also shows
the effects of low rotor speeds with the large horn, and high rotor speeds without
the large horn.

Further spectrum shaping can also be accomplished by placing panels and curtains
between the siren system and the test area, This method of spectrum shaping (Figure
27), however, is less desirable since it is accomplished only with a loss of the
acoustic power transmitted to the testing area,

Other spectrum shaping devices which are currently under development and look
very promising are an expansion chamber, a lined horn and a perforated panel before
a rigid wall. A subsequent report will discuss the findings of this investigation.

Rms Versus Peak Sound Pressure Levels

Both rms and peak measurements were recorded. The one-third octave band spectra
for rms and for peak values are shown in Figure 28, In this case the recordings
were made while the siren was operating and represent the difference between rms and
peak values for this type noise source. The difference in the overall sound pres-
sure levels was approximately 7 db. The difference in the spectrum varies with the
frequency band, being negligible in the low frequemcy bands and ranging from a
difference of 2 db in the midrange to 7 db in the higher frequency bands.

Pregsure and Air Flow

The effects of pressure and alr mass flow on the overall sound pressure level
measured in the small horn mouth and the large horn mouth are shown in Figures 29
and 30, The maximum overall sound pressure levels measured are 172 db rms and 165
db rms, respectively. The generation of acoustic power becomes inefficient at pres-
sures over 20 psig and air mass flow over 2,0 lb/sec. The pressure was measured by
way of a pitot tube 12 inches upstream from the nozzles in the 2-inch diameter air
inlet line (See Figure 31,)

The effect on the spectrum of increasing the air mass flow and pressure is
minor aside from raising the level of the entire spectrum. At extremely low mass
flow and pressure, the spectra varies from those measured at higher flow and pressure
because the aerodynamic input is still an insignificant factor. Figure 32 shows the
effect of air mass flow and pressure on the spectrum. A narrow-band analysis at
different pressures shows no other significant change in the spectrum due to air
mass flow and pressure.

12
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SECTION V
CONRCLUSIONS

After studying the total collected data it becomes apparent that the construction
of a siren of this type is not simple and straightforward. This siren with sweeping
rotors meets the requirements for a useful test tool, It has a near Caussian ampli-
tude distribution and a continuous spectrum, The operation of a siren of this type
under the conditions of constant rotor speed and without sweeping the rotors over
a certain range, could result in a spectrum with a high degree of discreteness. The
spectra of some sirens, though, would not necessarily appear as objectionable as
others, The degree of noncontinuity for a siren could be reduced, but probably not
eliminated entirely, by (1) finding an optimum design for rotor shapes, rotor size,
and rotor speeds, (2) adding stators between the rotors, (3) finding the optimum
number of rotors, and (4) carefully considering all other parameters such as horns,
nozzles, air pressure, mass flow, etc.

Some sirens which have been tested in the past have spectra considerably less
discrete and more continuous than the spectra of this siren when operated under
constant rotor speed conditions (References 3 and 4), It was originally felt that
the multiple air inlets were responsible for the discreteness of the spectrum, While
this was true to a certain degree it was proven that there was no great difference
in the spectra when using one or three air inlets. It is now felt that the problem
lies not with the multiple air inlets, but with the design of the rotors. The modu=
lating portion of the rotors of this siren were all 80 to 85 percent open, while
some of the rotors tested in the past had open areas ranging from 42 to 85 percent,
At the time this siren was designed, previous test data indicated that individual
rotor open areas of 80 to 85 percént would result in the best siren output and in
an effective open area, looking through all four rotors, of 45 to 50 percent., If by
siren output, it is meant acoustic power output, this may be the case, The large
rotor open areas should result in the greatest acoustic power output, However, 1if
one considers the siren output in terms of spectrum continuity and randomness, large
rotor open areas may not produce the best siren output since they create a non-
continuous spectrum. Using the data gathered on these tests and taking into account
the recommendations resulting from previous tests, it can only be said that the
optimum rotor openings lie between the large openings of this siren and the smaller
openings of previously tested sirens.

Future plans call for an investigation to determine more accurately the effect
of rotors having smaller openings.

13
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SECTION VI
SUMMARY

One of the main objectives in preparing this report was to assist in the future
development of this type siren. For this reason the shortcomings and the problems
rather than the advantages of this type siren have been stressed,

It is felt that this siren and facility have successfully met the design goals
which had been established for them. These goals, however, were met only through a
development study and as a result of certain modifications to the original design,
Figures 16 and 23 demonstrate that a wide band, random continuous spectrum can be
attained, The maximum power level of this siren is greater than the design goal and
certain spectrum shaping capabilities, while not too extensive, do exist,

This type siren has great possibilities which can be brought out only by further
development programs. Some are now in progress in both the Air Force and industry.

14
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APPENDIX
FACILITY DESCRIPTION
INTRODUCTION

The original facility configuration is described herein and in some detail
since the siren was designed around an existing air supply, and all the measurements
used for the analysis of the siren were taken in this facility. At the time this
report was being prepared, the facility was undergoing considerable change and
modification to eventually become a one-quarter scale model of the large sonic
fatigue facility located at Wright-Patterson Air Force Base (References 8 and 11),

ACOUSTIC CHAMBER

The original enclosure was a room 19 feet long, 10 feet wide, and 8 feet high
with the walls and ceiling constructed of commercially available acoustic panels,
These panels consist of an outer surface of solid sheet metal, an inner surface of
perforated sheet metal, and four inches of fiber glass sandwiched in between the
twe surfaces., The inside walls and ceiling of the enclosure were covered with
5/8~inch thick plasterboard to obtain a reverberant field within the test area,
Progressive wave transmission was obtained by covering the inside walls with poly-
urethane curtains, The room contained the siren, two horn sections, an 11 x ll-inch
cross-sectional test section for testing small items, and a 10 x 10~foot square test
area for large items. Entrance to the room was gained through a double door which
had an opening 5 feet wide and 6 feet, 10 inches high. Above the room was an air
exhaust muffler capable of exhausting air at the rate of 20 pounds per second,
Figure 1 shows a view of this room.

ATIR SUPPLY

According to the original design, air was to be delivered to the siren through
four standard fire hoses which passed through the rear wall of the acoustic chamber
from a 12~inch diameter, 4-foot long plenum. Preceding the plenum was a 90-degree
on-and-off air valve which was connected into the air supply system via reducers
between the plenum and a 4-inch air line. An orifice plate was located in the 4-
inch air line so that an accurate monitoring of the air flow to the siren was possi=-
ble, Air to the 4-inch air line came from a 24-inch line via a 12-inch and a 6-inch
line-

The compressed air supplied to the siren originated from two De Lavel compres=-
sors, one with a rated output of 7800 cubic feet per minute, and the other 16,800
cubic feet per minute. Either one of the compressors or a combination of the two,
in series or parallel, could be used to supply compressed air to the siren. When
operated separately, each had a discharge pressure of 28 psig., When the two com-
pressors were operated in seriles, a high mass flow at a higher pressure was attained.
The maximum amount of air supplied to the siren to obtain the maximum sound pressure
level wag 10,000 cfm at 50 psig. Figure 31 is a schematic of the air supply system.

INSTRUMENTATION AND CONTROLS

An instrumentation and operating booth {Figure 33), located outside the acoustic
chamber, contained the following controls and instrumentation.

15
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1. Speed indicating meters and controls for controlling the speeds of the four
siren rotors,

2. Pressure gauges which indicate the pressure on both sides of the orifice
plate and which indicate the static and total pressure via a pitot tube in the air
line 12 inches upstream from the siren.

3. Power supplies for the Altec cathode followers and condenser microphones
located near or on the test specimens.

4, Bruel and Kjaer one-third octave band analyzers, model numbers 2107 and 2111,
and recorders, model numbers 2304 and 2305,

5. An Ampex 300 tape recorder.

6. Oscilloscope, voltmeter, ammeters, amplifiers, and other associated equip-
ment,

Figure 34 is a schematic of the instrumentation and controls,

The following additional instrumentation is also available:
1. Hewlett Packard Wave Analyzer - Model 302A.

2. Gulton Amplitude Density Analyzer System, developed specifically for the
RTD Sonic Fatigue Facility*.

3. Sigmatron Random Signal Generator Model GA 1000,

Pigure 35 shows a typical free fleld calibration curve for parallel incidence
for the condenser microphones used in this facility. The one~-third octave band
spectra shown in Figures 17 through 21, 24 through 28, and 32 were not corrected for
the deviation between 5000 cps and 20,000 cps from the flat portion of the response
curve shown in Figure 35. This deviation should be taken into account when studying
these one-third octave band plots.

NEW FACILITY DEVELOPMENT

The facility currently being developed to contain the wide band siren is a one-
quarter scale model of the large sonic fatigue facility at Wright-Patterson Air
Force Base, Ohio, Upon completion, the necessary power supplies will be available
so that not only the wide band siren can be utilized in the facility, but also the
high and low frequency pure tone sirens. An air modulator or bank of speakers will
be used to generate acoustic energy., Other changes include an additionel horn sec=-
tion to lower the cutoff frequency to 50 cps, an enlarged reverberation room (from
1570 ft3 to 2400 ft3), and devices to facilitate spectrum shaping,

The facility will utilize the instrumentation complex of the large sonic fatigue
facility for data measurement, reduction and analysis (Reference 8),

*This facility is referred to in the literature as the "ASD Sonic Fatigue Facility."
At the time of the AFSC reorganization it was transferred to the then newly created
Research and Technology Division (RTD).
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¢ p—»3 25K
25K o/ 1 SIREN SWEEP SCHEMATIC
AMPLITUDE
ALL TRANSISTORS 2N 404
ALL REmSTORS%“MTT 5%
50 K 25V. DC
IMEG
+ GAIN
!% SYMMETRY COMPENSATION
I +
FUSE 5.2K
- -A'A'A'AVA »
117 VAC W3DI I -
60n H 1-; '%%’;',f =_; 25v.0C SIREN SWEEP POWER SUPPLY SCHEMATIC
__] )

NOTES:

I. ONE SIREN SWEEP CIRCUIT AND ONE SIREN SWEEP POWER SUPPLY
ARE USED FOR EACH ROTOR.

2. EACH ROTOR SWEEP AND CONTROLLER ARE ELECTRICALLY SEPARATED.
DO NOT MAKE ANY ELECTRICAL CONNECTIONS BETWEEN ANY SEPARATED CIRCUITS

» 3. DO NOT TRY TO MEASURE ANY CIRCUIT VOLTAGES WITH A POWER-LINE-

CONNECTED METER WHILE SWEEP UNIT IS CONNECTED TO THE SIREN
POWER RECTIFIER CONTROLLER.

4. THE 3 uf CAPACITORS MUST HAVE LOW LEAKAGE. TANTALUM
CAPACITORS ARE RECOMMENDED.

Figure 22, Schematic Diagram for Rotor Speed Modulation

39



AFFDL-TR=~66-8

pue juBlsuo) IoJ uostieduon

5033dS HO1O0Y ONId3I3IMS
2ANLINGAY  SWY / 3ANLITINY
vy € 2 ! o - & &

RN

Sd9 069 le.‘\Wy..

-
$d9 nu_-ov\»_

HOLVHANIO TYNOIS WOONYY)
NYISSNVYD

S033dS HOLOHW ONId3IMS

30NLdNY SWH /7 30NLITdNY
14 £ 2 i 0 - 2- €-

Sd2 000'01-00G2

20

€0

+0

20

£0

o

uor3oung L3fsuaqg L£3TTIqERqOoad IpniFrdury

ALISNIG 30NLINdWY

~LISN3Q 20NL1TdNVY

spaadg 10304 pajelnpol

S033dS YOLOH LNVLSNOD
ANLITIAY  SHY / JONLINENY

*€7 2andT4

P € 2 1 0 1 2z g -

[ T

849 089 -821—,
(HOLYHINIO TYNSIS WOONVH)
NVISSNYD
S$A33dS HOLOH LNVLISNOD
30NLITINY SAY / 30NLITANY
v € 2z 1 0 I 2z & -

I

e
~
!

| i

v

Sd2 00GZ-0G9

1

$d2 000'0I-00s2~" "

20

£0

o

20

€0

o

ALISN3A 30NLITdNY

ALISN3Q 3qNLINdAY

40



AFFDL-TR~66-8

£33nuTiuoy mijoadg uo

Wdd 0561=0 HOI0M WdM QIf2=3 HOLOM
Wod OL2e=8 HOLOW Wdd O92Z=¥ NOLOY
AININOIHA HIAM ONVE Sd) 6T

o0 oom ocoa oot e ) ooy oG

S1030Y TENPTIATPR] JO 399337  °hz aandyg

0=0 HOLOM Wdd Oi£2=0 HOLOY
WdY O/28=8 HOLOH WY OWZ-v HOLON
AONINO3H4 HIOM ONVE SdD g¢

oos oom 0021 Q00t ooa (] ooy ooz 0

"8 ] | 11771['7 \ﬁ _

-

2000 W)

ot

(e ]

(WD /S3NAQ

¥

F— 0%l

|
|
|
J
|
|

80 N 13AIT IHNSSIN ANNOS
3
|
=
=
— I
|
\
|
l-q._“_‘
2 8
(W2 /S3NAQ 2000 )

80 N 'IiAE'I JHNSS3Hd ONNOS

S EEE s T

0=0 ¥O10H ©0=0 HOLOY
Wod 0228=8 HOLOM Wdd 09:2=v HOLOY
AON3NO3Y¥A HIOM ONVE Sd2 GF

009 O0% o0

0=0 HOLOM 0=) uyoLoM
0=8 HOLOH Wdd 09229 HOLOM
AONIND3MS HIGM ONYB SdD §¢

- =5 WA

S RadNNN LR

35 i T g

4 om w.w -4]4.11! I q_ Lo m,m

"z RN T N I -
- JEnanN | i

N

41



AFFDL-TR-66-8

spaadg 1030y BurSueyy Aq Surdeyg umazdadg *¢7 2an31g

HLNOW NHOH 394V 3HL NI Q34NSV3IN S3AUMD H10E

{Z11 d0
“t 36 v imiduel ANGO3S N3d S3TOAD NI SIIDNINDINS
g 2 ¢ vooner i 000GE 20001 005 [N 000t 005 L] 86
T - 7 —Oeh ¢q¢ Ao eesg bay kpranpg U
. - . ! o= ' d l
L| T IR R I N T | T 938/ WRED e
— - fomd e e — cee .
N P S T D3S/MAB TN
— o 3 S e T et .
S r|4||¢|_ T T
5 [ — €
T _|§ -0 ON_ -y ey
~ W ey B ey
- —f- : I ——
_ “ _ -4 T T T g
L Th ilaql.._ e e B
4 —~ObH ooe — - e —— o

Wdd 002-00p -0 -

Add  004-06G~0

Wdd  002-005-8

——

e

-_Ndd 0062-00€#-0

MY G g

SONVE 3AVIO0 OMIHL-3NO 40 $3bNanoaud y31N3D

A T ™1  wau_oose-oove=0
| R 1 | wau oosz-oeee
] _-.. i . " - l.|” — . Et 08' S;I‘IH
R - !4..‘“ — - =+ [TI0ADJIAIMS/IIEEE
: T R e o SANAD 200003
: S RSN S N O™ SNY @A N 3ATT
1 RIS FE S , Cionite oo | ONvE 3AVLSG
- : ” . _ P ; T . . w)ep-  GUIHI=3NG w
ﬁ< - — . P —~y—— " ' -y - ; Bl St - - - ' - T
PPIAW-lln|h|F L F L. L PO 2 |-._.I-|-.I- i n el .

5 harn
LWH.l 1Ty G jEnag

WY 008-0S-v. |

42



AFFDL-TR-66-8

spaadg 10309¥ pue uol3oas uiopy Surduey)y Lq Surdeyg umajzoedg

NYOH 39UV HLiIM —-1T

NHOH 394YT 3HL LNOHLIM—T

*gz 2an31j

ﬂ‘ _..Iul‘

=

£ Y
wl 3B WG /o) GNOJ3S H3d SITIAD NI SHININDINI :
ug 3 4 ¥ oDOOP U ohho2 [0 a0l [ 1 002
ot e 0 - riqepeg tey oy ©
S T TTOIR/MAETD S
T oas/mNe ™
— g
iy gy
- - o o o B
SR — — T T T Tt oy
iietiaasere L ye E——
SR ] S I —
RERURREE BN M Ny
L ———

Ndd 002-00t-0°

Wd¥_00L-065-D

Wdd 00z -008-8

Wd¥ 00S-0S-v Ir

— i e

WdH 006E ~00EP-0
WdY O0LE ~00PE-D

‘WdH 0062-0%2¢-8

o6 £

Wd¥ 00GF -00Iv-¥ T

S| 370K0 d33IMS/ B8 GE

2N/ SINAGZ00003Y

m:m aa M 3T

b

“ONVE 3AVLD0

SONVE JAVLIO QUIHL-INO 40 mw_uzmamzu H3LN3D

EN R

w._ GNIHL-3NO w

aetefy Funnicey

vl ara g “hﬂ
sty g jarag

43



AFFDL=TR=66-8

DL

2R ¥ LI

¥ LhIE Sugi)
Y

Cu02

uoy3diosqy £q Supdeyg wnaioadg *;7 aanBi3

NOILVHNSIANOD NOIL4HOSEBY LN3Y34JIT v SLNISIHL3M IJAHND HOV3

ONOJO3S HAd SIATOAD NI-S3IONINOIHA

0002 Ll 057 0_. z o

t211 a8

A L

AL

)

by

'
I
i
I

|
}
'
b

|
|
|

1

¥

'

B _ T
o

W

2

A ] i F X Bk K ] ] KB E_ 8 B L ] _F R

olt

02l

- - OgH

oz -

P

o vhy #00g be:g AEnnp

“DITTANEC s

[

WdY 00+ -0981-0
Wdd 000F —00bE-9
. Ndd 00+2 -00I1E-8

‘I wdd 0002 —00ti-¢

| 31040 43ams/ 038 8¢

o.NEO\ S3NAQ 200003 |
_SWy 0 NI T3AIT
aNvE w><._.uo

ap n_m__..._. NG
gl

L

) 4
£ —4s v/0

RPN N

SONYE FAVLI0 QHIHL-3NG 40 SJHION3IND3MA ¥IINDD

iy g weug

LEEEE i ox

44



AFFDI~TR-66-8

STSATRUV DPUBg-9ABID( PITYI-2UQ $STIAD] 2INSSaIJ PuUROS Y894 SNSIap SHY g7 2andid

HrAREY 4
-1 D R vt a el el
R e - zgwﬁm y¥3d mm.,ugu NI mw.uzu:cwm.._ . 0 - - ,
. : § B o T ; ] T eqe 1e 02g Py didungy )
, [ Coo : JE——— " vy anih e,
| o DIS/MAED ™ |
i o ST T T O3S/ g e
¥ S wg |
| ]
b t Ernfi T 4 w1 ,
m w A\.d sS40 - ON— ) 007 mj.
m..l - ,T\\wu.ill - - Soey h
e b B M o
S i S I H vy
: : . ORI o yygg e sy ™
UE T M-WH... = “Wdd 0O# -0981-0
: Nd¥ 000P-004E-0
w WAHOOE2-000£-8.
WU 0002-00%1-v

37900 dIIMS/03S §'€

" SWM €0 NI 13AT
anva U>d._.00

ap U Qmmx.—.lwzo o

PHE Boeney |

=t

: Coe !
L_§ M M. & & B & ® ® 4 & ® % W o8N & & 2 4 e e gl

T SONVE 3AVLIOO0 QMIM1-3NG uq.ﬂ.wzu:amuu NIUNID e SEFET s eng

45



AFFDL-TR-66-8

21IN8Bal1J 1}V SNSia) [9A97] 2InSsald punog [TelIdA) ‘g7 2InSEd
AE X672 HLNOW NMOH 394vT NI Q3uNSV3IN -2
Ll * 2l HINOW NYOH TIVWNS N Q3uUNSV3IWN -1
(91Sd) 3uNSsS3ayd VIOl
0P 0L 09 oS Oov o¢ oe 0l
I.|l.||.|.l||||.||_

ogl

osl

09l

QL

osl

N3/ S3NAQ 20000 &Y

T3IAFT FHENSS3Hd ANNOS  TTVHIA0

46



AFFDL~TR-66-8

MOTJ SSEBY ITV SNSIa\ TADT 2anssalg punog TIBIJAQ *0f =2anZ1g
LEX6C HLNOW NMOH 394V NI QINNSYIW -2
WSl %21 HLINOW NMOH TIVWNS NI QI¥NSY3IW -|
(235/87) MmO1d SSYW HIV
08 0L 09 (0X ot og 02 ol
|I‘\I|‘|I‘l‘l‘l‘\
t\\\\l\\\\ )/l_
”H“-ll!\.\‘\\\

ogl

ovl

ogl

09I

04l

o8l

oy

(WO / S3INAQ 20000
JUNSSIY  ANNOS  TTVHIAO

T3A3T

47



AFFDL-TR-66-8

DFIRWRUdS Iomed AITTTORI pued I9pTM

*1¢ 2an31g

3SVHd | A JVObe

431414034 YOULNOD

STIOHAINOD Q33dS HOLOW

¥3MOd LNd NI
A
Xiddns Kiddns A1ddns AIddns fV. KV_ Q O
¥Imod 43Mod HaMOd ¥3IMod H ﬂ “ H
q33ds a33ds
19 VINYA 378VINVA
4OLOW 20 #« @ﬁ HOLOW 24
mumo:*uzz.u
324140 L \
ALIIOVA ¥3HLO | _M_ (D5 Nownsmsa z "|  waws
FWNSSIUd BV [ 3INT,e ' 3NN [ |3 \_/ ﬂ e DoV Z — ' anve avous
AATYA
440 LNHs T~
aNn, 2l
b 4%
a3zds Q33ds
FT9YIMYA FEVINVA
014140 HOLOW 24 HOLON 20
NOILLOINLS3Y m._- m a *
N &2
©¢ oV ADO9S
Y ! Y3MOd LRd NI
¥37000 ~ HOLOW ~ HOLOW
HOSSIHANOD HOSS3HdNOD
HALAY HILUM ~7 dH 000'2 s i dH 0002
LITNI HIY

LI NI HIY

LANINITHINDIY HIMOd

48



wni3dadg 3y3 U0 MOT] SSEK PUR INSEIXJ JO SIVIIIY *z¢ 91ndT4

LaE ww

3 8 ¥R .
Pl o o R gpOwgeR

X T N IS G S \ 7 TOON 078 T shm oo ey
i J - -

— TI- 11—/ T -y

) : ; B ———

12

REPER NS

: : i 1.0 Ty ey

m et S—— e 8 A S — - - .msvav;qmlllu.a;]m»icxliz‘

A . T : . E
§ Sy AT g et : ‘ —H ,uun\a:nodl..

—

i I 3 1 - -&.IJ.._

r B kil - g
—— = - e . : 0T s-u ||adlli.ln

B |

-

. i A . - oo " culler -
—— - + _ Tt _ _ = 2 —1 1 - s
| i - 31 T 2

T d - ludl.

11171
1

— EiS ‘ . 1 o,
) _— l . - ‘L{ ™ ,., - - - s . N . i e
i 0 | ] : : : .

| | W 000w -00vE -9

1
H h 1 e . - S
Y e e . T WY oOW-0RBI =0
& : , :
e

1.1 Mdi-00£2 ~000E—8
.umg 0002700¢ _..<

-
et
oy

AFFDL-TR=-66-8

T+
T
[

.. . —- 1 —
- - - T
- ¥ -

TR Al g : A al - S Ta T -Hni:.. l . A a8 ml .M”M.A.ax.“ .
—14S WO = s 77 SaNVE 3AVA00 OMIHL-3N0 T'Snanoawd wangy: - ) hm@.q 1ot ® 1eng

|

|
R
i

49



AFFDL-TR-66-8

Pros

£ A TR

50

Instrumentation and Operating Station

Figure 33,



AFFDL~TR~66-8

271PWAYDS UOT3IBIUAMNIISUI LIFTIVORL 9SFON  °HE 2an3Td
v20¢ T300M
$0€2 3dAL HIZKTVNY
¥3Q¥0534 IAVM ¥3QM03Y 00% 300N v 508 300N
13A37 auvovd 3dvL ¥3LIALI0A 3d02S0TII9S0
xes LLITMIH 002 X3dWY INLLNYITVE LNONNG
N h 3
90£2 3dAL
30H0I3Y
13A37
xea
K1ddns |, [4ImoTI04
uImad J00HLYD
_ ——
*
¥019313$ xddns |, |uamoTios \ 4 I
12 3dAL ind NI ¥3MOd | JGOHLYD 002-E-12 SANOHIOYOIN
aNva 3AV190 %/ HOLIOVAYD 93LIV
¥3LIN0ULDIJS < ~
AON3INDIUA SNt
o1any / / // N
red ve z! nddns | |u3woTI04 022% 3dAL INOHINOLSId
43MOd I00HAVD NBE HOLYHEITYD
V $26-d ONSNV 031V
ind W XNV

NOILVLNINNYULSNI

51



32WAPTOUY TATTRIRG
= ®UoydoIdTH D9ITV 00Z-¥E TZ I0F 2AInD UOTIBIGFTE) PIATA 2814 Teorddy *gg 2andty

(¢! 0
CTO3 R e sad) ONOJ3S H3d S3TIAD NI SIIONIND3IYS
a6z, no6 005 002

Y b B Ot 3 npg; teoa S

T T 4] B ar g g ey
| : e ey
' . P
. H o VT e e
' [ o
i 1 ' m T T e — g
‘ 1 t .
N . . " TTTTT T Ty g
. ; o - — - T sy ey
- .” L S
. ]
; - - .. R
i . -
T i : * - T T T twkg
- i C e s gy
' — 0 - - - - - .
| H
- : .— - —_ - - -
- ' : i

of - ————

20 ¥3d 3Nig
¥32 170AT 34 ‘eq
T 39vLTI0A 1ALINO
o LiiodId Nadd

oF - -- A

r

L

AFFDL~TR-66~8

52



Security Classification

DOCUMENT CONTROL DATA - R&D

(Security classilication of title, body of abstract and indexing annotation must be ontared when the overal! report ix claasifiad)

1. DRIGINATING ACTIVITY (Comorate author) 28 REPORT SECURITY C LASSIFICATION
Alr Force Flight Dynamics Laboratory, Research and Unclassified
Technology Division, Air Porce Systems Command, 2b. GROUP
Wright-Patterson Air Force Base, Ohio

3. REPORT TITLE

Design and Performance of a 15 KC Wide Band Acoustic Facility

4. DESCRIPTIVE NOTES (Type of report and inciuaive datoa}

Final November 1960 to June 1964

5. AUTHOR(S) (Last name, firat nams, initial)

Hankel, Keith M,
Henderson, John P.

6. REPORT DATE 74. TOTAL NO. OF PAGES 75 NO. OF REFs
March 1966 60 11
Ba CONTRACT OR GRANT NO. Sa. ORIGINATOR'S REPORT NLIMBERS)
5 PrRosecT No.B. 13093 4437 AFFDL-TR=66=8
<. Task NOB. 130901; 443705 9b. OTHER :JPORT MO(S) (Any other numbere that may be aanigned
this repo:
d.

1¢. AVAILABILITY/LIMITATION NOTICES

Distribution of this document is unlimited

11. SUPPL EMENTARY NOTES 12. SPONSORING MILITARY ACTIVITY

Air Force Flight Dynamics Laboratory,
Research and Technology Division, Air Force
Systems Command, Wright-Patterson AFB, Ohio

13. AES.TRACT

Details of the design and performance of a wide band, high intensity, acoustic
est facility are presented, The wide band siren, horn network, sound isolation
com, noise measurement and analysis instrumentation, input power requirements, and
easured performance characteristics of the facility are described., The problem of
he presence of several discrete frequency peaks in the spectrum of the original
iren configuration is discussed along with techniques which were investigated to

prove the spectrum. Frequency modulation of the rotor speeds is shown to result
n a relatively smooth, continuous randon spectrum, The limited spectrum shaping
apabilities of the siren are discussed. Recommendations are made for improvements
hat could be incorporated into future designs of sirens of this type.

D D .525%4 1473 Unclassified

Security Classification




Unclassified

Security Classification

14.
KEY WORDS

LINK A LINK B LINK C

ROLE ROLE ROLE wT

Wide Band Nolse Source
Sirens

Acoustic Facility

INSTRUCTIONS

1. ORIGINATING ACTIVITY: Enter the name and address
of the contractor, subcontractor, grantee, Department of De-
fense activity or other organization (corporate suthor) issuing
the report.

2a. REPORT SECURTY CLASSIFICATION: Enter the over-
all security classification of the report, Indicate whether
“‘Restricted Data' is included Marking is to be in accord
ance with appropriate security regulations,

2b. GROUP: Automatic downgrading is specified in DoD Di-
rective 5200.10 and Armed Forces Industrial Manual. Enter
the group number. Also, when applicable, show that optional
matkings have been used for Group 3 and Group 4 as author-
ized,

3. REPORT TITLE: Enter the complete report title in all
capital letters, Titles in all cases should be unclassified.
If a meaningful title cannot be selected without classifice-
tion, show title clagsifitation in all capitals in parenthesis
immediately following the title.

4. DESCRIPTIVE NOTES: If eppropriate, enter the type of
report, e, g, interim, progress, summary, annual, or final.
Give the inclusive dates when a specific reporting period is
covered.

5. AUTHOR(SY: Eater the name(s) of author(s) as shown on
or in the report. Enter lest name, first name, middle initial
If military, show rank and branch of service. The name of
the principal anthor is an absolute minimum requirement.

6. REPORT DATY: Enter the date of the report as day,
month, year;, or month, year. If more than one date appears
on the report, use date of publication.

7a. TOTAL NUMBER OF PAGES: The total page count
should follow normal pagination procedures, i.e., enter the
number of pages containing information.

76. NUMHER OF REFERENCES: Enter the total number of
references cited in the report.

Ba. CONTRACT OR GRANT NUMBER: If appropriate, enter
the applicable number of the contra~t or grant under which
the report was written.

8b, 8, & 8d. PROJECT NUMBER: Enter the appropriate
military department identification, such as project number,
subproject number, system numbers, task number, etc,

9a. ORIGINATOR'S REPORT NUMBER(S): Enter the offi-
cial report number by which the document will be identified
and controlled by the originating activity, This number must
be unique to this report.

95, OTHER REPORT NUMBER(S): If the report has been
assigned any other report numbers (either by the ariginator
or by the sponsor), also enter this number(s).

10, AVAILABILITY/LIMITATION NOTICES: Enter any lim-
itations on further dissemination of the report, other than those

imposed by security classification, using standard statements
such as:

(1) ‘"Cualified requesters may obtain copies of this
report from DDC.''
(2) “Foreign announcement and dissemination of this
report by BDC is not authorized. ™
(3) '*U., 8. Government agencies may obtain copies of
this report directly from DDC, Other qualified DDC
users shall request through
11
(4} **U. S. militéry agencies may obtain copies of this
report directly from DBC. Other qualified users
shall request through
(2]
(5) *7All distribution of this report is controlled. Qual-

ified DDC users shall request through

=

If the report has been furnighed to the Dffice of Teckmical
Services, Department of Commerce, for sale to the public, indi-
cate this fact and enter the price, if known

1L SUPPLEMENTARY NOTES: Use for additional explana-
tory notes.

12, SPONSORING MILITARY ACTIVITY: Enter the name of
the departmental project office or laboratory, sponsoring {(pay-
ing for) the research and development. Include address.

13. ABSTRACT: Enter an abstract giving a brief and factual
summéry of the docuthent indicative f the report, even though
it may also appear elsewhere in the body of the technical re-
port. 1f additiona! space is reguired, a continuation sheet shall
be attached. o

It is highly desirable that fhe abatract of claasified reports
be unclassified. Each paragraph of the abstract shall end with
an indication of the military security classification of the in-
formation in the paragraph, represented as (TS5). (8), (C}, or (V).

There is no limitation on the length of the abstract.
ever, the suggested length is from 150 to 225 words.

How-

14. KEY WORDS: Key words are technically meaningful terms
or short phrases that characterize a report and may be used as
index entries for cataloging the report. Key words must be
selected so that no security classification is required. Identi-
fiers, such as equipment model designation, trade name, military
project code name, geographic location, may be used as key
words but will be followed by an indication of technical con-
text. The assignment of links, rules, and weights is optional.

Security Etassiﬁcation



