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SECTION 1
INTRODUCTION AND SUMMARY

The following paragraphs present a brief introduction and
summary of the program completed to resolve the Rumble problem on
the KC-135R aircraft.

1.1 INTRODUCTION

The KC-135R is a modified KC-135A which has had, among other
things, the engines changed from the J-57 to the new F-108-CF-100
engines. Shortly after the KC-135R began SAC flight operations,
a noise problem perceived as a rumbling sound in the cabin area
was found in various aircraft; i.e., "Rumble." The Air Force,
the aircraft manufacturer and the engine manufacturer studied the
problem briefly developing a better definition of the general
problem. The forcing function was determined to be the F-108
engine; however, the precise source of the noise and vibration,
and the transmission path from the engine to the cabin were
unknown.

The University of Dayton Research Institute (UDRI) completed
a review of the data available on Rumble and found that
additional problem identification data was necessary before a
viable engineering solution to the Rumble problem could be
developed. It was the collection of the additional data required
and the engineering evaluation of solutions to Rumble which was
addressed during this effort.

This program combined the expertise of Oklahoma City Air
Logistics Center (OCALC) and the University of Dayton into an
effective and economical team to solve the Rumble problem. The
team concept allowed the in-depth knowledge of the aiircraft and
technical expertise at OCALC to combine with the unique technical
expertise and abilities at UDRI in such a way as to maximize the
engineering capability focused on the problem. Since UDRI is an




unbiased consultant whose goals are to solve problems effectively
and transition their technology to practical users, UDRI worked
with a complete and open transfer of information with OCALC.

1.2 PROGRAM OBJECTIVES
The objectives of this program were:

(1) To define Rumble precisely; i.e., what were the
frequencies involved and what were the sound and
vibration levels during Rumble;

(2) To determine the driving force, the propagation path,
and the noise/vibration radiators that were causing
Rumble;

(3) To evaluate the long term effects of Rumble on both
crew function and aircraft structure; and

(4) To develop and evaluate possible solutions to Rumble.

The program summary briefly describes the tasks completed to
successfully complete the objectives above.

1.3 PROGRAM SUMMARY
The program was divided into the following major tasks:
(1) Flight and ground tests on aircraft (A/C) 307.

(2) Flight and ground tests of six A/C at McConnell
AFB.

(3) Analysis of vibration data from the F-108 and the J-
57.

(4) Developmert and evaluation of possible solutions to the
Rumble problem.

The total effort included approximately 30 hours of flight
test data collection, 8 hours of engine ground run data
collection, and 45 hours of ground test data collection for model




analysis. All of this data plus the data available from the
Boeing test effort, G.E. engine test data, Air Force engine
acceptance vibration data, and many interviews with Air Force
flight crews formed the complete data base on which analysis was
completed, and the conclusions and recommendations drawn.

The major objective for the test effort on A/C 307 was to
define Rumble and the area of the fuselage which was most active
during Rumble. Three test flights, an engine ground run, and a
modal analysis, were conducted. For complete details on the
testing of A/C 307, see Section 4.

During the first flight on A/C 307 acoustic data were
collected in the cabin and cargo areas of the fuselage. The
first flight data indicated that the Rumble was most prominent in
the cabin area. On the second flight, detailed acoustic data
collected in the cabin area indicated that the maximum response
occurred near the navigator’s instrument panel and around the
pilot’s station. On the third flight vibration data were
collected in the locations where high acoustic response had been
measured and in locations where structural problems might be
anticipated. The vibration and acoustic data from all three
flights showed that the principal Rumble frequency was
approximately 55 Hertz and that the overall response levels were
about equal in or out of Rumble. The modal analysis of A/C 307
revealed several resonant frequencies in the 18-~ to 60-Hertz
range.

The flight data, the ground test data, and the modal
analysis data from A/C 307 all supported the hypothesis that
engine imbalance forces were exciting a 55-Hz resonance in the
engine aircraft structural system which caused Rumble. However,
the frequency of Rumble during the Boeing test was 30 Hertz. The
difference in frequency la2d to the McConnell flight test effort.

The primary objective of the flight test at McConnell was to
establish a data base of Rumble information from multiple
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aircraft. A total of six aircraft were tested and ground run
data was collected on four F-~108 engines. All six aircraft were
able to be flown in Rumble during various portions of the flight
plan. For complete details on the McConnell flight and ground
test effort, see Section 5.

The principle finding from the McConnell flight test effort
was that the Rumble resonant frequency varied from aircraft to
aircraft and that it also varied during flight on a given
aircraft. The frequency band over which Rumble occurred was 30
to 70 Hertz; however, the predominate frequencies were between 50

and 60 Hertz. The engine ground run data showed vibration
responses peaking in the same 30- to 70-Hertz range as was seen
in flight.

Although the frequency of the Rumble varied, the one
unchanging characteristic of Rumble found in the McConnell flight
tests was the beating phenomena; i.e., the peak and fade cycle in
the time data. This characteristic is defined by the air crew as
"Whaa, Whaa." 1In all of the tests the Rumble was identified by
the crew when the beating phenomena was present in the dynamic
data.

The objective of the study of the F-108 and J-57 vibration
data was to determine:

(1) what were the specific vibration specifications for
each engine and how did the specifications compare;

(2) what was the operating RPM range for each engine;

(3) what were the specific vibrational characteristics of
the F-108; and

(4) 1if there was a common link between the acceptance run
vibration data and the F-108 engines which had caused
Rumble.




For complete details on the study of the F-108 and J~57 vibration
data, see Section 6.

The vibration specification data was obtained from OCALC.
Both engines were allowed a maximum of 0.004 inch displacement at
the one per revolution frequency over the operational speed of
the engine.

Vibrational data on the F-108 were obtained from CFMI. The
F-108 engine has overall engine vibration resonance in the 40- to
75-Hertz range and the speed range of the low speed spool was
approximately 20 to 80 Hertz (1200 to 4800 RPM).

One hundred and seventeen sets of engine acceptance
vibration data were reviewed. Of the engines reviewed, 15 had
been identified in the field as Rumble engines. Some trends were
established from the engine acceptance data on the engines which
caused Rumble; however, due to the low number of data sets
available, no conclusions were drawn.

The final effort conducted on this program was the
development and evaluation of solutions to the Rumble problen.
For complete details on this particular effort, see Section 7.
The design effort concentrated on the three principal structural
components involved in Rumble, i.e., the engine, the
nacelle/wing, and the fuselage.

The possible solutions for each component were:
1. Engine

® Reduce the acceptance level vibration specification
thereby reducing the force driving Rumble.

® Redesign the engine static structure which would
reduce the resonant amplification which currently
existed and therefore reduce the driving forces.

e Change engine RPM to change frequency of driving
force thereby reducing resonant amplification.




2. Nacelle/wing

® Add damping to reduce resonant amplification and
reduce the Rumble driving force.

® Redesign the structure to change resonant frequencies
which would reduce resonant amplification.

3. Fuselage

® Redesign the structure to change resonances which
would reduce resonant amplification. ‘

e Add damping and acoustic treatment to reduce
vibration and noise in the cabin area.

All of the above design/system changes were analyzed. Apparently
the only feasible solution is to change the engine speed.




2.0 CONCLUSIONS

The following conclusions were reached as a result of the

data collected and analyzed during this project.

(1)

(2)

(3)

(4)

(5)

(6)

Rumble is the beating of several frequencies in the 30-
to 70-Hertz range which results in the peak and fade
time history which aircraft crew members describe as a
"Whaa, Whaa" sound.

Rumble is caused by the complex coupling of the F-108
rotor imbalance forces and the structural dynamic
characteristics of the engine, nacelle, and aircraft
systems. Figure 1 illustrates the frequency range of
each of the contributors to Rumble. When the
frequencies of the contributors coincide, Rumble
occurs.

Because of the complexity of the total structural
system, Rumble is not a single dynamic response
phenomena. 1In other words, the precise transmission
path, resonant structure, and vibration/acoustic
resonators vary from aircraft to aircraft and Rumble
event to Rumble event.

The overall noise level during Rumble is 1 to 3 dB
higher than during standard flight, while the vibration
level was a maximum of 9 times higher during Rumble.

The noise and vibration levels encountered during
flight tests were of a level that no long term
structural failure problems would be anticipated and
that no crew functions would be inhibited.

The tonal quality of the background noise during a
standard flight is similar to white noise which most
people find relaxing; however, the beating or "Whaa,
Whaa" tones during Rumble are more readily detectable
by people even at lower sound levels and are generally
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(7)

(8)

(9)

(10)

(11)

_

considered annoying. It is the tonal change between
non-Rumble and Rumble that the crew detects not an
increase in sound pressure.

The only reasonable solution to the Rumble problem is
to change the engine speed which takes the structural
systems out of resonance and stops the Rumble.

There appears to be a relationship between engine
acceptance run vibration response and the incidence of
Rumble on an aircraft.

The predominate engine positions which generate Rumble
are Positions 2 and 3.

Engine Positions 1 and 4 can produce Rumble-like
dynamic responses which can be measured by dynamic
instrumentation but generally not detected by the
aircraft crew.

The J-57 engine could not have excited a similar Rumble
phenomenon in the A models because the J-57 operates at
too high a rotational speed.




3.0 RECOMMENDATIONS

The following recommendations are made based on the results
of the effort completed:

(1)

(2)

(3)

(4)

(5)

(6)

(7)

The recommended solution for a Rumble incident in
flight is to change the speed of the engine causing the
Rumble.

It is suggested that the higher acceptance run
vibration engines be placed in Positions 1 and 4.

If a Rumble cannot be stopped by changing engine speed,
the engine balance should be checked and the engine
replaced if out of balance.

If Rumble is accompanied by excessive vibration in the
engine controls, the engine balance should be checked
and the engine replaced if out of balance.

From the limited data available, the majority of the
engines which Rumble had a vibration response about
0.003 inch at the turbine transducer location. It is
recommended that a more detailed comparison of the
acceptance run vibration data and engine which Rumble
be completed. If this trend is proven correct, Rumble
could be reduced significantly by reducing the
vibration specification for the engine. The
ramification of reducing the vibration specifications
would have to be defined if it were decided to stop
Rumble by lowering the engine vibration
specifications.

No structural modification effort or damping effort is
recommended as a solution to the Rumble problem.

It should be noted that on all aircraft evaluated the
Rumble level was identified by the crew as typical.

The level of this vibration was determined to be small
and should have no impact on the crew or the aircraft.

10
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If a vibration or noise occurs which has the
characteristics of Rumble but is noticeably higher in
amplitude than the typical Rumble, it should not be
ignored. All the recommendations are for the typical
Rumble.

11




4.0 DETAIL ACOUSTIC AND VIBRATION STUDY ON A/C 307

The first step in this program was to define the Rumble
problem. The following section details the efforts and results
of a flight test on Aircraft Number 307 and a modal analysis test
of the engine/nacelle/wing structure.

4.1 FLIGHT TESTS ON A/C 307

During the flight test, three data gathering flights and one
ground engine run test were conducted. Both acoustic and
vibration data were collected under Rumble and no-Rumble
conditions. The data collection and analysis were completed
using a Gen Rad 2510 Micro-Modal Analyzer.

4.1.1 Flight 1

The objective of the first flight was to establish
the basic characteristic of Rumble and to determine the aircraft
locations where Rumble was predominant on A/C 307. Based on work
by BMAC done on another aircraft where the Rumble was identified
in the 30-Hertz frequency range, it was decided to collect data
from 0 to 100 Hertz to establish the frequency content of Rumble
on A/C 307.

Figure 2 illustrates the positions of the 24 test
points evaluated during Flight 1. Table 1 details the exact
location of each test point on the aircraft. The data collected
was acoustic intensity and sound pressure versus frequency.
Figure 3 presents a typical sound pressure plot from the cargo
bay area.

Figurc 4 summarizes the data collected along the
left side of the cargo bay. There was some variation in the data
as we progressed along the fuselage. The variation of the sound
pressure in the cargo bay was insignificant when we consider the
facts that each measurement was taken at a different time, which

12




FIRST FLIGHT

17, 18, 19
Bulkhead Station

420 — 160

— 01
460 —

-1 Oz 150Q
500 —

. Oa
540 — 140
580 — 4

—| © 10
620 —
ss0| OF 120
700 —
140—| O6 10
780 —

- 100
820—| Q7
860—| O 8 QO
900—

SOUND MEASUREMENT LOCATIONS

Figure 2. Measurement Locations for First Flight.
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TABLE 1
SOUND DATA (FIRST FLIGHT)

Pt Station

1 LS 440

2 LS 480

3 LS 520

4 LS 580

5 LS 650

6 LS 740

7 LS 820

8 LS 860

9 RS 860
10 RS 720
11 RS 740
12 RS 650
13 RS 590
14 RS 530
15 RS 480
16 RS 420
18 RS 393 M
19 RS 393 B
20 RS 300 T
21 RS 300 M
22 RS 300 B
23 C 260 T
24 C 260 M

NOTE: RS - Right Side 3 feet above floor
LS - Left Side 3 feet above floor

- 3 feet above floor

- 1 foot above floor

6 feet above floor

- Between pilot and co-pilot seat

O¥ T X
[
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would cause variations since the Rumble level was not time-
invariant, and that a 1- to 3- dB experimental variation was
typical in these types of measurements. The fact that no strong
Rumble radiator was identified in the cargo bay i.e., no single
area where the Rumble was coming from, indicated that to
effectively reduce the Rumble in the cargo bay would require
acoustically treating the entire cargo bay.

Figure 5 is the sound pressure data from point 18
in the cockpit area. Figure 6 compares the peak values from the
data in Figures 3 and 5. As shown, the cockpit area had higher
levels in Rumble than the cargo bay.

Based on a quick review of the Flight 1 data
immediately after the flight and the fact that Rumble was a crew-
related problem, the decision was made to concentrate on the
cockpit area during Flight 2.

Data for all 24 points evaluated on Flight 1 are
given in Appendix A.

4.1.2 Flight

The objective of Flight 2 was to detail the
characteristics of Rumble in the cockpit area. This objective
was accomplished through the collection of sound pressure and
sound intensity data at the locations shown in Figure 7. Table 2
lists the flight conditions under which data were collected for
each of the measurement locations.

The data collected on Flight 2 demonstrated the
same basic characteristics as the data collected during Flight 1.
Figure 8 presents a summary of the data from position 4 for
various flight conditions. The three active frequency ranges
were 30 Hertz to 40 Hertz, 50 Hertz to 60 Hertz, and 60 Hertz to
70 Hertz. As shown in Figure 8, the Rumble was considered active
when the 50-Hertz to 60-Hertz frequency had a high response.
Figure 9 presents a summary of the data collected for various
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SECOND FLIGHT

T = 6 Feet above floor
M = 4 Feet above floor
B = 1 Foot above floor

SOUND MEASUREMENT LOCATIONS

Figure 7. Measurement Locations for Second Flight.
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TABLE 2

LOCATIONS AND FLIGHT CONDITIONS FOR MEASUREMENTS ON SECOND FLIGHT

Flight Condition

Pt [ Nof Rumble | Rumble 2 | Rumble Rumble 2 & 3 | Rumble 2 & 3| Rumble I,
Right Turn 2, 3 & 4
1 X
2 X
3 X
4 X X X X
5 X
6 X X
7 X
8 X
9 p 4
10 X
11 X
12 X
13 X
14 X
15 X
16 X
17 X X X X
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_

flight conditions at position 11. These data support the trends
indicated in Figure 8.

Figure 10 presents the data for the 50-Hz to 60-Hz
range taken at position 4 both A weighted and no weighting. The
A weight filter represents the sensitivity of the normal ear. As
seen in Figure 10, the amplitudes of the low frequencies peaks
associated with Rumble are significantly reduced by A weighting;
however, the overall broadband sound pressure level was not
reduced by A weighting. The ear senses the onset of the Rumble
by the tonal quality change in the noise environment, not by an
increase in pressure. The human body is sensitive to the Rumble
vibration level at low frequencies (see Figure 11). UDRI
believes that the sensing of the vibration was most likely the
method used by the flight crews to detect Rumble.

The complete set of data collected during Flight 2
is contained in Appendix B.

A quick review of the data collected during Flight
2 resulted in the conclusion that sufficient acoustic data had
been collected and that the next set of data to be acquired
should be vibration data. Flight 3 was scheduled for vibration
data collection.

4.1.3 EFlight 3

The objective of Flight 3 was to define the
vibration response of the aircraft structure in the cockpit and
cargo bay areas during various flight conditions. This objective
was accomplished through the collection of the vibration data at
the locations shown in Figure 12 under the flight conditions
shown in Table 3. The vibration data were collected, analyzed
and then stored as power spectrums. A typical spectrum is shown
in Figure 13.

The vibration data collected in Flight 3 support
the acoustic data collected in Flights 1 and 2. As shown in
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Figure 11, Vibration Tolerance Criteria. Peak acclerations
at which subjects preceive vibrations (I); find
it unpleasant (II); or refuse to tolerate it
further (III). The shaded areas are one standard
deviation on either side of the mean. These curves
are for subjects without any protection, exposure
time 5 to 20 min. The short-time tolerance curve
is for subjects with standard Air Force lab belt
and shoulder harness, exposure time approximately
1 min. The WADD "Vibration Tolerance Curve For
Military Aircraft® is used for long-time exposure

in military aircraft.
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THIRD FLIGHT

e Indicates Vertical
Measurements

' Indicates Direction of
Horizontal Measurement

(:)Indicates Measurement
— Point Number

LA

/ @ @ e

13
P, ™ \

. BS 360

{7 —{} ] ——8s 620
l ® -~
| ] % —F %_ . ﬁ —— BS 840

VIBRATION DATA MEASUREMENT LOCATIONS

Figure 12, Measurement Locations for Third Flight,
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TABLE 3

LOCATIONS AND FLIGHT CONDITIONS FOR MEASUREMENTS
FOR THIRD FLIGHT

Flight Condition

No Rumble

Rumble 2

Rumble 3

Rumble 2 & 3

Rumble 1 & 4

Rumble 2| Rumble 2

25000 Ft

25,000 Ft

Hydraulics off

O & ~N 6o 1 & W N~

NN e e e e e e b e e
— O W 0 <N 0N WU & W= O

M OX X X X X X X X X X X X xX X X X X X X X

X
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Figure 14, it was the 50-Hertz to 60-Hertz response peak that was
significantly higher in Rumble than out of Rumble. The
measurements made in the cockpit area showed higher response
levels than those made in the cargo area. It should be noted
that the measurements made in the cargo area were made on or near
the main wing support frames and we would@ expect this massive
structure to be less responsive.

Comparing the vibration data and the acoustic data
taken in the same area reveals some interesting facts. 1In all
cases where comparisons were made, the highest two vibration
response peaks and the highest two noise response peaks occurred
in the 30-Hz to 40-Hz and 50-Hz to 60-Hz range. Figure 15
compares the noise and vibration data for several different
locations. In the acoustic data, the difference in sound
pressure level between the 30 Hz to 40 Hz and 50 to 60 Hz at
positions numbers 1, 4, 12 and 11 are insignificant, meaning
simply that they are practically equal in noise level. The
vibration response levels at position numbers 3 and 8 are
comparable for both frequency ranges. Although the two highest
peaks in both acoustic and vibration data occur in the same two
frequency ranges, an exact correlation of high vibration-high
noise does not exist. These data conclude that the noise levels
measured are far field in nature, meaning that the noise source
was not acoustically near the noise measurement locations. This
again indicated that acoustic absorbtion materials would need to
be installed over the entire cockpit area to be effective and
that there appears not to be a single noise source but multiple
sources of nearly equal strength.

The complete set of data collected during the
ground test is contained in Appendix C.

4.1.4 Ground Test

The force driving Rumble was obviously coming from
the F-108 engines. It was not possible to collect engine

30
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Figure 15. Noise and Vibration Data From the Same Point
for Several Different Locations.
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vibration data in flight during this test because of the problems
associated with instrumenting the engines. Even though the in-
flight conditions which produced Rumble would not be duplicated
on the ground, it was decided that an engine ground test with
accelerometers mounted on the engine would provide useful data.
The objective of the engine run ground test was to determine the
vibration response of the engine and aircraft nacelle area. Four
accelerometers were mounted as shown in Figure 16 and a fifth
accelerometer was located inside the aircraft at vibration
measurement point 1. Table 4 lists the engine operating
conditions under which measurements were made and the
accelerometer locations and measurement directions. The four
accelerometers and required signal conditioning were provided by
OCALC Engineering Test Laboratory (MMET).

Figure 17 is a typical frequency response function
taken from the aircraft nacelle during the ground test. The
response peak at 55 Hz was seen at all engine speed conditions.
Figure 18 is a typical response peak from the engine mount ring.
Here again the 55-Hz peak was dominant. Note that the 55-Hz
response plot matched the predominant Rumble frequency. The
frequency response function for the engine mount ring exhibited
significantly more response peaks than that of the aircraft
nacelle. The increase in the number of response peaks was
expected because of the plate and ring resonances associated with
the mount ring structure. All the data analyzed during the
ground test is contained in Appendix D.

4.2 MODAL ANALYSIS ON A/C 307

During the ground tests on A/C 307, the accelerometers
mounted on the engine mount ring and aircraft mount bracket
recorded high vibration levels in the 30-Hertz to 75-~Hertz range
which correspond in frequency to the peak acoustic and vibration
data taken during flight tests. Therefore, it was decided to
conduct a modal analysis of the engine, nacelle, and wing
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TABLE 4

ON GROUND TEST

LOCATIONS AND CONDITIONS FOR MEASUREMENTS

Accel Engine RPM (%) __
Loca-
tion 69 - 70% 61.5% 85% 65.5% |
1 X X X X
2 X X X X
3 X X X X
4 X X X X
5 X X X X
1* X X X X
2* X X X X
3* X X X X
4* X X X X
S5* X X X X

*Same location frequency range 1,000 Hz instead of 100 Hz

ACCELEROMETER NUMBER MEASUREMENT DIRECTION LOCATION
1 Vertical A/C Spar
Fore and Aft A/C Spar

2
3
4
5

Vertical

Fore and Aft
Side to Side

35

Engine Mount ring
Engine Mount ring
A/C Frame in Cabin

(Vib position 1)
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structural system to determine the nature modes of vibration of
this structural system and define to what degree resonance of the
structure was contributing to the Rumble problem.

A Zonic Model Xcite 1001P-110 Hydraulic Shaker was used to
excite the engine/aircraft system and the input and response data
were collected on a Gen Rad 2510 Micromodal analyzer. The
driving point was on the engine accessory case as shown in Figure
19.

Triaxial frequency responses functions were taken at the
following 29 locations:

(1) Eleven points on the engine center line along the right
side of the engine (Figure 19),

(2) Eleven points on the nacelle (Figures 20 and 21),

(3) Three points along the top of the engine and nacelle
cowling (Figure 22), and

(4) Four points on the underside of the wing as shown in
Figure 23.

The frequency response data were collected over the
frequency range of 0 to 100 Hertz. The excitation force input at
the driving point was measured using a PCB force gage and the
acceleration response data were measured using three 2221D
accelerometers. A typical frequency response function is shown
in Figure 24.

The modal analysis identified several vibration modes in the
frequency range of 0 Hertz to 100 Hertz. The four modes
identified were 18 Hertz, 32.81 Hertz, 32.95 Hertz and 50 Hertz.

In Figure 25, the first mode (18 Hertz) had the engine
moving from side to side in a twisting motion around the back
mount bracket.

In Figure 26, the second mode (32.81 Hertz) showed the
engine again twisting from side to side as well as rocking up and
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Data Points on Strut
Diagonal Bracket

Diagonal

19

Stru

Location of Strut Diagonal Bracket.

Figure 20.
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Forward
Engine Mount Fitting

Figure 21, Data Points on Forward Engine Mount
and Thrust Bracket.
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Figure 22, Data Points on Top of Engine
and Nacelle Cowling.

Figure 23, Data Points on Underside
of Wing.
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Figure 24. Typical Modal Frequency Plot.
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Figure 26. 32.81 Hz Mode Shape.

44




down, resulting in the front of the engine moving in an
elliptical orbit.

In Figure 27, the third mode (32.95 Hertz) revealed the
twisting from side to side, as does the previous mode, but with
reduced rocking motion.

In Figure 28, the fourth mode (50 Hertz) showed the engine
with a side to side twisting motion. The twisting and rocking
motion of the engine appeared to pivot from the back engine
mount.

We should note that the modal analysis was completed on a
static aircraft. The aircraft was sitting on its landing gear in
the hanger. The engine/airframe structure was loaded only by
gravity. 1In flight, the normal preloads on the structure would
include the engine thrust and the aerodynamic wing loads.
Typically, we would expect that the in-flight structural loads
would cause the in-flight resonant frequencies to be higher than
those measured during this ground test. Also, the driving force
was applied at a single point in a vertical direction which would
excite primarily vertical motion. A result of this method of
excitation was that modes with little or no vertical motion were
difficult to excite and modes which had a nodal point (no motion)
at the drive point were not excited. For these reasons, UDRI
believes that there are numerous other system resonant modes in
the 18- to 80-Hertz range.
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5.0 McCONNELL TEST PROGRAM

The test program at McConnell AFB consisted of two separate
efforts which were:

(1) a flight test effort, and
(2) a ground test on the inboard engines.

There were two complete sets of dynamic instrumentation and
data recording systems used during the tests at McConnell. All
the instrumentation and one recorder were provided by OCALC/MMET.
The second recorder and backup instrumentation were provided by
UDRI. The specific data to be recorded were defined by UDRI
while the test coordination with the flight crews was the
responsibility of Major D. Huston from OCALC/MMSRE. Michael
Drake supervised both the ground tests. The flight test data
were collected by a two person instrumentation crew while the
ground test data were collected by a three-person instrumentation
crew. In all but the last flight test, the instrumentation crew
was composed of both UDRI and OCALC personnel. The OCALC
personnel involved in the McConnell test effort were Major D.
Huston (MMSRE), and Larry Gore and Joe Winfree (MMET). The UDRI
personnel involved in the McConnell test were Michael Drake and
Dennis Davis. The following paragraphs describe the tests
conducted and the analysis of the data collected.

5.1 FLIGHT TEST

The objective of the flight test effort was to obtain Rumble
data from several aircraft under multiple flight conditions to
make conclusions from a broad data base on Rumble events. Before
this effort, only two aircraft had had instrumented Rumble data
collected. The data from these two flights (A/C 307 and the
Boeing test) seemed significantly different and apparently
unrelated.

The objective of the flight test was accomplished by testing
six aircraft. The aircraft tested and other relevant data about
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the individual flights are listed in Table 5. The instrumenta-
tion used for all flights consisted of three accelerometers
located as shown in Figure 29. These locations were chosen as a
result of the analysis on the flight test data collected on A/C
307. The accelerometer output for all three accelerometers was
recorded at various times throughout the flight for Rumble and no
Rumble conditions and analyzed later on the UDRI Gen Rad 2510
Analyzer.

Table 5 shows that all the aircraft except A/C 306 exhibited
a very low level of Rumble. The analysis of the data on A/C’s
120, 308, 312, 482 and 502 was conducted at the maximum Rumble in
the flight. Analysis of the data on A/C 306 was conducted on six
different Rumble events during the flight. The complete set of
data analyzed from all the flights is given in Appendix E.

Table 6 summarizes the analysis of Flights 120, 308, 312,
482 and 502. Reviewing the data in Table 6 revealed that in two
of the five flights, the peak response at the Navigator’s Station
was slightly higher out of Rumble than in Rumble (120 and 482).
However, the other three flights showed that the peak response in
Rumble can be as much as four times higher than the levels seen
out of Rumble. Comparing the overall RMS (from 0 to 100 Hertz)
between Rumble and no Rumble for all flights indicated that the
Rumble overall RMS was approximately double the no Rumble. We
should note that the maximum peak response reported is 0.04 g’s
which was a small acceleration and occurred on a secondary
structure which supports some of the Navigator’s
instrumentations.

The analysis of the data presented on the Wing Spar
vibrations revealed that in all cases the Rumble vibration was
higher than the vibration levels seen in normal flight. The
increase ranged up to a factor of 3. The Rumble, no Rumble
overall RMS comparisons do not show a consistent trend.

49




TABLE 5
FLIGHT TEST AIRCRAFT DATA

Flight Level —Time on Enaines (Hrs)

A/C Flight Duration of —Serjal No. of Engine on A/C _Pogjtionddc  cd

No. Date Hours Rumble Pos.1 Pos.2 Pos.3 Pos.4 1l 2 3 4

120 8/25/87 3.5 Low CF711 CF717 CF711 CF711 529 529 529 529
191 212 225 226

482 8/25/87 2.25 Low CF711 CF711 CF711 CF710 746 746 746 746
189 177 178 180

312 8/25/87 4.5 Low CF711 CF710 CF710 CF710 419 348 782 782
121 216 150 136

502 8/26/87 3.75 Low CF710 CF710 CF710 CF711 296 377 296 296
195 157 206 215

308 8/26/87 3.5 Low CF710 CFP711 CF711 CF710 293 293 293 293
159 135 157 160

306 8/26/87 3.0 High CF710 CF710 CF710 CF710 848 848 848 848
156 163 148 158
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Figure 29. Measurement Locations for McConnell Flight Tests.
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TABLE 6
FLIGHT DATA FOR A/C 120, 308, 312, 482, AND 502

NO RUMBLE RUMBLE

A/C Freq Amwp Overall Freq Amp Overall Freq Amp Overall Freq Amp Overall

120 61.0 .0056 .0139 61 .008 .0200 54 .00428 .0162 65.0 .008 .0102
308 73.5 .00238 .00961 73 .009 .0181 67 .0136 .0197 67.0 .025 . 0249
312 63.0 .01 .0218 66 .006 N/A 56 .0407 .0479 54.5 .0085 .0193
482 32.0 .009 .0126 64 .012 .0232 66 .00634 .0213 - - -

502 65.0 .0042 .0134 -= .003 .0194 73 .0106 .0171 73.0 .0085 .0149

NOTE: Amp. and Overall in g’s; Freq. in Hertz.

The above discussion focused on the maximum amplitudes seen
in the frequency range of 20 to 80 Hertz. Figures 30 through 33
show the precise frequency response functions for the data in
Table 6 for A/C 502. Comparing Figure 29 (Navigator’s Station -
no Rumble) and Figure 32 (Navigator’s Station - Rumble)
illustrates the typical changes in peak response amplitude and
the frequency content seen. It is the change in frequency
content that produced the peak/fade interference pattern of two
closely spaced peaks (in the frequency domain) which produced the
"Whaa, Whaa" sound which the flight crew identified as Rumble.

Another point on frequency can also be made from Table 6;
the maximum response peak seen during Rumble varied from 54 to 73
Hertz. This variation indicated that there must be multiple
resonant modes causing Rumble because such a change in frequency
for a single mode would indicate at least a 50 percent change in
structural stiffness (i.e., variation from plane to plane in
structural stiffness) which is totally unrealistic.

From the data in Table 6 we can conclude that no significant
change in structural integrity will result due to Rumble.

Six different Rumble conditions were analyzed from the
flight of A/C 306. This A/C exhibited the highest levels of
Rumble seen during the entire program. Table 7 summarizes the
data analyzed from the flight on A/C 306.
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OVERALL RMS 1.71E-02
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TABLE 7
FLIGHT DATA FROM A/C 306

NO RUMBLE _RUMBLE
Flt.
Seg~ Freq Amp Overall Freq Amp Overall Freq Amp Overall Freq Amp Ovaerall
ment
A 62 .007 .0183 63.5 .003 . 017 69.5 .0181 .0314 68.%5 .015 .0215
B 62 .007 <0183 63.5 .003 . 017 59.5 .0138 .0218 59.5 .011 .0213
C 62 .007 .0183 63.5 .003 .017 51.5 .0107 .0235 48.0 .008 .0170
D 62 .007 .0183 63.5 .003 .017 55.5 .033 .055 55.5 .009 .0190
E 62 .007 .0183 63.5 .003 .017 66.5 .009 .0213 - - =190
F 62 .007 .0183 63.5 .003 .017 55 .0638 .0686 5.0 .0085 .0153

NOTE: Amp. and Overall in g’s; Freq. in Hertz.

From Table 7, the Navigator’s Station and Wing Spar both
show an increase in peak vibration response from the no Rumble to
Rumble flight condition. The Navigator’s Station increase varied
by a factor of 1.29 to 9.11. The Wing Spar peak response
increased by a factor of 2.67 to 5.0. The overall RMS for the
Navigator’s Station varied by a maximum factor of 3.75 while the
Wing Spar maximum increased a factor of 1.26.

Comparing the absolute levels seen in Rumble and the
increases between no Rumble and Rumble for A/C 306 to the data in
Table 6 indicated that the Rumble in A/C 306 was slightly higher
in level than that seen in the other A/C. However, the
conclusion that no structural problems should result from Rumble
still holds because the levels, although higher, are insufficient
to cause problems.

Conclusions from the frequency data in Table 7 also support
the conclusions drawn from Table 6. Figure 34 presents the
frequency response function from the Navigator’s Station for
Rumble Event D. Comparing Figure 34 to Figure 35 which presents
similar data for Rumble Event E illustrated that the modal
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participation for each event was significantly different.

Notice; however, that the time domain data for both events
(Figures 34a and 35a) contained the basic peak and fade or "Whaa,
Whaa" characteristics of Rumble. These factors further support
the theory that it was not a sound level increase or a specific
frequency which was identified as Rumble but the "Whaa, Whaa"
characteristic that the crew called Rumble rejardless of the
actual frequency.

5.2 GROUND TEST

The objective of the ground test efforts at McConnell AFB
was to further substantiate the link between engine/nacelle
vibrations to the Rumble felt in the aircraft. A total of four
engines were instrumented and tested (Table 8). Note that only
the inboard engines were instrumented because the inboard engines
were the principal drivers of Rumble.

There were three accelerometers mounted for each ground
test. The accelerometers were located at:

® The Navigator’s Station as was done in flight

e The engine case on the engines in Positions 2 and 3 at
the connector for the number 1 bearing vibration
transducer which is used to monitor engine vibration
during test cell and "on the wing" balance checks.

TABLE 8

GROUND TEST AIRCRAFT AND ENGINES

A/C Engine Serial Number
Number Position 2 Position 3
120 CF 711 212 CF 711 225
306 CF 710 163 CF 710 148




The accelerometer responses were recorded on tape and analyzed
later by UDRI.

After the engines had been started and allowed to warm up
properly, the engine was cycled through several slow
accelerations to maximum ground power level, several slow
decelerations from maximum power level, several rapid
decelerations from maximum power and a 2-minute hold at maximum
power. After the completion of these engine excursions, the
engine was taken through the proper cool-down and shut-down
procedures. Data were collected and analyzed for the entire
engine ground operation.

Table 9 presents the significant results of the analysis of
the ground run data for both A/C 120 and A/C 306. Although the
Navigator’s Station (Nav Peak in Table 9) acceleration response
did not duplicate the in-flight Rumble response, the frequencies
of high response on the engines fall in the same frequency band
for Rumble on both aircraft.

The frequency response functions for the ground test data
are given in Appendix F.
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TABLE 9
GROUND TEST RESULTS

Engine Peak Nav Peak
A/C # Eng # Frequency % N1 Amplitude Amplitude
120 2 61.0 Hz 418 0.0065 0.00511
o —Iég—- 3 60.5 Hz 41% 0.00225 - )
120 2 63 Hz 73% 0.00795 0.0108
o 120 3 63 Hz. 73% 0.00211 o - _
120 2 50.5 Hz Descent  0.00279 0.013
120 3 - o - - -
Engine Peak Nav Peak
A/C % Eng # Frequency % N1 Amplitude Amplitude
306 2 -- -- --
306 3 53.5 Hz 52%—"”~*~.0T66509 0.0122 N
306 ’2 66.0 Hz 80% 0.00239 - o
o 306 3 65.0 ﬁ; _—50% i 0.00592 o 0.00§Ig~—
o 306 2 72.5 Hz ) 84% 0.00242 —
306 3 7£T§mﬁz 84% 0.00348 o 0.0176 )
306 2 62.0 Hém—— -Bescent 0.00316 -
306 3 61.5 Hz Descent  0.00833 0.00298
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6.0 ENGINE VIBRATION

All data from the Rumble events studied pointed to the F-108
engine as providing the excitation force which generated Rumble.
To further understand Rumble and its causes, three reviews
relating to engine vibrations were undertaken, the specific
objectives and results to which are discussed in the paragraphs
below.

6.1 VIBRATION COMPARISONS OF THE F-108 AND J-57 ENGINES

Rumble occurred in "R" models but was not reported in "A"
models; therefore, a comparison of the F-108 (the "R" model
engine) and the J-57 (the "A" model engine) was appropriate.
This evaluation considered three areas which were:

e Comparison of the acceptance run vibration
specifications.

e Comparison of the vibration force level input into the
wing support structure.

® Comparison of the operational frequency range of each
engine.

The standard engine acceptance run vibration instrumentation
system consists of two to three vibration transducers mounted at
various locations on the engine. Typically, the vibration data
are filtered by two narrow band tracking filters; one tracking N1
(low speed spool RPM) and the other tracking N2 (high speed spool
RPM). This data collection system allows the evaluation of the
imbalance force generated by both engine shafts. Individual
vibration limits are set for the N1 vibrations, the N2 vibrations
and the overall (i.e., the unfilter) vibrations. Both the F-108
and the J-57 use this type of acceptance run vibration
specification and collection system. Also, both engines are
specified at an overall limit of 0.004 inch vibration
displacement.
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Since both engine vibration specifications set the same
overall displacement limit, it would appear that the vibration
input into the wing structure would be equal. Further
consideration of the physical vibration which was occurring
reveals that the vibration input from these two engines was
indeed not equal.

The F-108 without the accessory package weighs approximately
4610 pounds. The J-57 without the accessory package weighs
approximately 3400 pounds. Therefore, the F-108 weighs 1210
pounds more than the J-57 or the "R" model engine represents an
increase in engine weight of 36 percent over the "A" model.
(Note that this does not include the weight of the accessory
package. The "R" model accessory package does weigh more than
the "A" model system; however, exact weights were not obtained.)

Using the facts that both engines were limited to the same
displacement and that the F-108 is at least 36 percent heavier
than the J-57 in combination with a simple single degree of
freedom system leads us to an important conclusion. In a simple
vibration system, vibrating in the steady state, the system
energy is constant and is stored in a combination of kinetic and
potential energy. At one point in the vibration cycle, the
system energy consists totally of kinetic energy. The kinetic
energy (KE) is equal to one half the mass (m) times the velocity
squared (Vz), (KE = 1/2mV2). Since the displacement is fixed
(0.004 inch for both engines), the velocity is given by VF—108 =
(0.004) F-108S°S t and V = (0.004) J-57 €°S

F-108 J-57 g-s7t 1if
the frequencies ( ’s) are approximately equal then

2

KE = 1/2mg, oV

F108

which is greater than

1/2mJ57V
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because

= 1l.36m

Mpio08 757

In reality, the engines are not simple systems so the exact
increase in vibration input to the wing cannot be defined from
this simple model; however, we can state that the F-108, even
though it has the same vibration specifications, does input more
force into the wing than the J-57.

The operational speed of the F-108 covers a one per
revolution frequency range of 20 to 80 Hertz. The operational
speed of the J-57 covers a frequency range of 64 to 114 Hertz.

The combination of the engine vibration specifications, the
engine weights, and the engine operational speeds (frequencies)
leads to the following:

® The Rumble could not be seen on the "A" model because the
J-57 forcing function is too high in frequency.

® Since the F-108 and J-57 have the same vibration
specifications, and the F-108 is heavier than the J-57,
the F-108 will input more vibrational force into the wing
than the J-57.

6.2 F-10" VIBRATIONS

Several discussions were held with various CFMI and G.E.
personnel concerning the vibrational characteristics of the
F-108. The following paragraphs briefly present the information
obtained.

The F-108 vibration specification was built on a two
transducer format. One transducer was mounted permanently on the
engine near the number 1 bearing. The second transducer was
mounted on the turbine rear frame near the aft engine mount. The
Lp (low speed shaft RPM) ranges from 20 to 85 Hertz and the

63




vibration data filter used over this range had a 2-Hertz
bandwidth. The core RPM ranges over a frequency from 150 to 250
Hertz and was filtered similarly to the Lp signal. The
acceptance data shipped with an engine was the maximum vibration
response for both low and high speed shaft filters at both
transducer locations. The response versus speed trace for both
filters at both transducer locations were saved and available to
the Air Force upon request but are not shipped with the engines.
Trace data was reviewed for 19 engines during this program (see
Subsection 6.3).

During the development stages of the F-108 vibration data
was collected up to a frequency of 5000 Hertz without filters.

Typically, an F-108 engine will require some trim balance in
the test cell. The test cell was the first and only time the
entire rotor system was balanced as a unit. All trim balancing
must be done on the low speed fan system due to the construction
of the engine.

The engine had three predominate resonant modes which occur
near 40, 60 and 75 Hertz. The modes most sensitive to imbalance
are the 60- and 75-Hertz modes. Generally balancing corrections
are required for these frequencies.

6.3 EVALUATION OF ACCEPTANCE RUN VIBRATION DATA FOR THE F-108

The objective during the review of the acceptance run
vibration data was to determine if there was a relationship
between the test cell vibration data and in-flight Rumble. A
total of 117 engine data sets were reviewed of which 15 engines
had been squawked for Rumble in flight.

The pertinent data for the 15 engines which have Rumble is
given in Table 10. The vibration data presented in Table 10 were
that which corresponds to the low speed spool. Figures 36 and 37
present plots of the vibration data from the number 1BRG and TRFV
transducers respectively. About half of the Rumble engines show
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TABLE 10

RUMBLE ENGINE VIBRATION DATA

Time Between

Date Date Balance & Squak Engine
Engine # #1BRG TRFV Balanced Squawk (Months) Position
710-103 1.7 2.8 2/82 12/82 10 2
711-114 1.7 3.4 3/84 1/85 10 3
710-139 2.2 3.4 - 5/85 - 3 &1
710-112 1.1 2.9 -- 8/85 -- 1l
710-107 1.5 3.0 - 8/85 - 2
711-117 2.2 3.9 - 8/85 - 4
710-131 2.3 3.3 2/84 5/85 15 3
711-252 2.4 3.6 6/85 10/85 4 2
711-306 2.8 3.8 10/85 2/86 4 3
710-137 2.0 3.6 2/85 3/86 13 2
711-141 1.2 2.3 2/84 4/86 26 2
710-148 1.8 1.3 3/84 6/86 27 3
711-329 2.3 3.4 11/85 9/86 10 3
711-406 2.0 3.6 5/86 9/86 4 3'
710-359 2.7 3.2 1/86 10/86 9 3
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a vibration level above 2.0 at the number 1BRG. However, at the
TRFV, 10 of the 15 engines have vibration above 3.0. It appears
from this data that the TRFV transducer data might be helpful in
identifying Rumble engines.

Closer review of the TRFV data reveals that the average of
the Rumble engines vibration response was 3.17. The average for
the 102 engines for which no Rumble has been reported was 2.59.
Only 32 out of the 102 engines (31.4 percent) which have not been
reported for Rumble had vibration responses over 3.0. As stated
above, 66.7 percent of the Rumble engines had vibration levels in
the test cell above 3.0.

out of the 15 Rumble engines, 11 engines had dates which
indicated when the acceptance run vibration data were collected.
Eight of these 11 engines had vibration levels over 3.0 while
the other 3 engines had vibration levels under 3.0. The average
time from the acceptance run to in-flight squawk for the engines
with vibration levels over 3.0 was 8.63 months. The average time
from the engines with vibration levels under 3.0 was 21 months.
It would be reasonable to assume that the engine balance force;
i.e., engine vibration level, would grow with time. It is
therefore quite conceivable that the vibration levels of the 3
engines which had test cell vibrations under 3.0 had grown to
over 3.0 before Rumble occurred.

One more case can be developed to evaluate the connection
between engine vibration level and Rumble by studying the history
of Engine 711-252. The history for engine 711-252 has been
recorded as:

e June 1985 - Acceptance test vibration level 3.6.
® October 1985 - Squawk in flight Rumble.
e November 1985 - Squawk in flight Rumble.

® December 1985-March 1986 - Engine pulled sent back to
CFMI.
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® April 1986 - Engine test cell vibration level 5.8
(Strother)

® May 1986 - Acceptance test vibration level 2.0
(Strother)

Since May 1986 there has been no reported Rumble from Engine 711-
252.

Based on the data evaluated, it would appear that the
reduction of the vibration acceptance specification from 4.0 mils
to 3.0 mils would reduce the occurrence of Rumble. Noted that
the conclusion is based on the limited amount of data reviewed.
Before the acceptance specification is changed, the following
efforts should be completed:

® A complete review and evaluation of the vibration data
for all F-108 engines in service.

® A more stringent requirement that pilots report Rumble
events so that all engines which Rumble can be
identified.

® Comparison of the data from the above two tasks similar
to what was done on this program.

If the above tasks result in the same conclusion as this
effort, then

e A complete evaluation of the cost impact on the purchase
price and overhaul costs resulting from reducing the
vibration acceptance levels.
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7.0 POSSIBLE RUMBLE SOLUTIONS

The cause of Rumble was the vibration coming from the
engine. This vibration was transmitted through the nacelle,
wing, and fuselage structure and was amplified by resonants in
these structures. The Rumble was sensed both from the change in
the acoustic conditions in the cabin and from the change in the
vibrations felt in the cabin.

The development and evaluation of solutions to Rumble are
presented in three specific categories which are:

(1) Solutions applicable to the engine.
(2) Solutions applicable to the nacelle/wing structure.

(3) solutions applicable to the fuselage.

7.1 ENGINE SOLUTIONS TO RUMBLE

The engine was providing the driving force for Rumble. If
we can reduce the driving force, i.e., the engine vibration
levels, then Rumble will be eliminated at the source. This
approach cures the problem; it does not merely hide the
symptoms.

One method to reduce the driving force would be to reduce
the vibration acceptance levels for the engine. The full
ramifications of reducing the vibration specifications are not
known. However, based on the data and analysis presented in
Subsection 6.3, it appears that a significant reduction in the
number of Rumble events would occur if the overall vibration
level for the low speed shaft frequencies would be reduced to
3.0. Additional studies are required before the total advantages
and disadvantages of this solution can be defined.

In the F-108 engine, there were structural resonances which
amplify the out-of-balance forces generated by the engine.
Another solution to reduce the forces causing Rumble would be to

70




redesign the engine structure such that there would be no engine
structural resonant frequencies in the range of interest.

Although this task is theoretically possible, practically it
is impossible for two reasons. First, the design of an engine
system which has no overall engine resonant frequencies in the
20- to 80-Hertz range and meets other performance requirements
such as total engine weight is impossible. Secondly, the cost to
attempt such an effort would be at least 50 to 75 percent of the
cost to design a new engine. Such a cost is not acceptable to
eliminate a nuisance type problenm.

The third way to reduce the Rumble driving forces would be
to reduce the resonant amplification caused by the engine
structural resonances which can be accomplished by adding damping
to the engine system. Overall engine modes are typically
inherently highly damped which means simply that these modes are
already highly damped and adding damping to such systems would be
very difficult. Damping could be added but there would be a
weight penalty of 10 to 30 percent of the weight of the engine
required. An additional concern would be the shape change to the
engine envelope which would be required to accommodate the
damping.

The most practical way of reducing the Rumble driving forces
would be to simply change the engine speed which changes the
imbalance force frequency. The change in frequency eliminates
the structural resonant amplification and thereby eliminates
Rumble.

7.2 NACELLE/WING STRUCTURE SOLUTIONS TO RUMBLE

If it is impossible to cure Rumble at the source (the
engine) then an alternative approach would be to cure the
symptoms. One such approach would be to reduce the force
transmitted from the engine through the nacelle/wing structure.
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The modal analysis (see Subsection 4.2) revealed that the
nacelle/wing structure with the engine installed had resonant
frequencies in the frequency range of Rumble which would amplify
the vibration forces coming from the engine. Therefore, one way
to reduce the forces driving Rumble in the cabin would be to
eliminate these structural resonances. A redesign of the
nacelle/wing structure would be impractical because the cost
would compare to the cost of the "A" to "R" conversion which was
13 million dollars for the redesign and 7.2 million dollars per
aircraft for modification kits and installation charges.
Realistically, there would be little hope of designing a
nacelle/wing structure which would meet the weight and
aerodynamic requirements and not have system resonances in the
20- to 80-Hertz range.

The second approach to reduce the force transmitted would be
to add damping to the structure. This approach would be
impractical because of the installation costs and the weight
penalty resulting from adding the damping, estimated at 100 to
1000 pounds of damping required per engine nacelle to reduce
Rumble.

7.3 FUSELAGE SOLUTIONS TO RUMBLE

Any Rumble solution applied to the fuselage would accomplish
the reduction of Rumble by the elimination of the noise radiators
and structural vibrators. One immediate problem with a fuselage
solution to Rumble, pointed out in Subsection 4.1, would be that
the entire crew and cargo area would be treated since there was
no single resonator.

The solutions available for the fuselage to solve Rumble
are:

(1) Structural redesign to eliminate structural
resonances.
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(2) Add damping to reduce resonant response.

(3) Add acoustic absorption materials to reduce noise
levels.

The structural redesign option would be impractical from the
standpoint of cost and time required to implement the
modification.

Adding either the damping or the acoustic treatments would
be impractical for several reasons. The weight penalty and basic
treatment costs would be high. The most cost effective way to
incorporate this addition would be as a standard PDM procedure.
Due to the long time period between PDM’s on the KC-135, it would
take a significant amount of time to outfit the fleet with the
required treatment. Another disadvantage of the acoustic
treatment would be its hindrance of normal Air Force inspection
of various fuselage components.
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Haryis, C. M.,

Fig. 44-20.
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APPENDIX A

DATA POINTS FOR FIRST FLIGHT
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APPENDIX B

DATA POINTS FOR SECOND FLIGHT
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APPENDIX D

DATA POINTS FOR GROUND TEST




G-21K3 P#l at 61.5%

SPEC CHA 1 VU AC TRG-OFF HAM OFF FPREQ 55 006000
Cha AVG-SUMKF ) 89 REb 299 URUJ 5 41215 82
S N W GHU R U S S S S | I FE
1.069 : B
E-81 ) i
|
uLTS 1
OVERALL RMS
8 S125E-82
13-MR-87 14—
PRt VJJ "k
1 v 1 @ [ ¥ [ ’——YqQ0Vrermrrrr
8. FREQ (KZY (LIm 1808.

-21K3 P#2 at 61.5%

SPEC CHB .25 U AC TRG-OFF HAN JIFF FREQ _S§- 006008
CHB RUG-SUNCF ) 3-8 RES 269 UﬁLU o 613E-04
I i1 4 L .1 | G D GGG ] i ! A}
5.900 —
E-83 ;
; ;
- —
; |
l
i
{
ULTS |
QUERALL RMS !
6.4795E-03
13-MAR-87 '
14:19:48

\—__._......_

iikqpﬁkﬂﬁgﬁv*“\vAfk\,JLJ\ |L. N

v T V—I#
F‘t.: ¥ PO, D! 1330




G-21K3 P#3 at 61.5%

QUERALL RNS
1 S472€-82

SPEC CHC .25 V ARC TRG-OQFF HAN OQFF FRE@ _S3.800340
CHC AUG-SUNCF? 8,8 RES 289 vALU 2 5328E-@23
| IS N VNS VN BN SR W M S | PO N WU SHUY SN SN G S :
S 9ee : !
£-232 ' |
i i
|
!
I
4
ULTS
QUERALL RNS
1.5833E-@2
13-MAR-87
14:19:40
9.
G~-21K3 P#4 at 61.5%
SPEC ZHC .25 U ARC TRG-CFF HAN  OFF FREG 59_9399009@
CHC a)G-SUmMCF 9/9 RES 298 UALL  z 333%6E-23
| S U WU VAR N WA SN SHN SN GHNNY S G S U G | | PR
1 e@ag— —~
E-9: ;
l .
! |
|
l
: i
uLTS 3 §
i i
—
{

13-MAR-87 I l l * .
14:22:19 { Ty 'V\;\ |
L NM " \}J ‘t“..ﬁ..-wﬂ*f,vg_‘_\“a |

‘ R T : ,




G-21K3 P#5 at 61.5%

SPEC CHD 25 U AC TRG-QFF HAN COFF FREQ S5.@684890
CHD AVG-SUAF) 23/8 RES 289 VUALL 2 7119E-83
| @ %illllll'iLLllllLLj
E-82 :
|
]
;
LLTS [ |
CUERALL RNS
2 S485E-82 {
13-MAR-87
14:19 408
. L
rri 17 71T 7T 1T 77 7 T T
) FRE@ (HZ:+ (LIM) 1308 .




G-21K4 P#l at 61.5%

SPEC CHA 1| U AC TRG-OFF HAN OFF FR 0
CHA . PYG-SUKES 88 RES 100 GRES o°3.230°8%
‘“o . . A A A :l I
E-081 1T
L
uLTs |

OUVERALL RNS
9 8659€-02

13-NAR-87
14:29-50

L :
] JE\M

e ,./ V‘\\M—s
9. FfT\" ™ /\-\__,—"‘-_,._ 4

HEREL L ¥ T v 1 ' 1 7

T 1 T
8. FPEQ ’Hg) (L[N) 188 988

G-21K4 P#2 at 61.5%

SPEC CHB 25 U AC  TRG-GFF 4aN OFF FREQ 53 200900
CHE AVC-SUm:E (/8 PES 1pe UALU 772396¢-94
2 9 L N - | i ) ' :
- |
|
]
|
|
LTS .
x
OUERALL RNS ,
2 9776E-93 pi !
13-MAR-87 Aty ’
14.29:50 L’\« Py ,\v’ \';
P
e l
e 100 aeo




G-21K4 P#3 at 61.5%

SPEC CHC .23 VU AC TRG-OFF HRN OFF FREQ 33 _0g0080
WG-SU”(F) 9/8 RES 18@ VALU 3 4583E-63
m#L I\ U N T N T A N
£33 ; {
f
o
- ' -
T |
H 1
|
ULTS
OUERALL RMS ; |
3 8448t-03 ;
]
|
13-MAR-87 e
14:27:30 I
i
W ;
9. ‘E:=F=!T7 T 7 T ) T T 1 1 T 1 Y 71T 1 71 T
9. FREQ (M2) (LIM) 186 .g8e
G-21K4 P#4 at 61.5%
F HAN OFF FREQ 53.900008
JFEC CHC .23 U AC 752'25”(;, 9.8 DS 199 VLU 3 R627c-e3
J O S S ! M T T | [ |
s.ooo* R
€-83 i
j
ULTS ! .
|
OVERALL RMS ; i .
4 1168€-03 ] I
|
13-MAR-87 : -
14:29 58 A A l
8. L=*'_f-T\—74,?\“?:3?““-"_’#J S 1 T
8. FREQ (MH2) (LIN) 100 340
D-6

44J___.-.--..-.-..-................-.......l..lIIlllllllllllllllllllllllllllllllll




G-21K4 P#5 at 61.5%

.25 V AC TRG~0FF

HAN OFF FREQ S
-SUﬂ(F’ 399 RES 100 VALY 4 4322033
5 i 1 I U W U G N T S U T ) U |
E-83 :
.!..
ULTS
JUERALL RNS
9.9862E-83
13-MAR-87
14:27:38 '\475\«/\/\/&/‘#\#' MW
0' | T T 1 T
9.

'FREQ (HZ) (LIN) 190 809




Cc-23R P#1 at 61.5%

SPEC  CHA 1 U AC TRG-OFF Wrlt  OFF  FRed <3 2%2499
CHA AVG-SUMCF ) 3-8 RES 199 UL 7460k -02
) 900*' L4 1 2 } I W RN T | N | (P U U S | ol -
£E-81 i i
|
|
- -
|
j
!
d ]
uL"s i |
i |
QUERALL RMS i
1 9288E-d1 M
13-NAR-§7 =
14.22 28 {
A / Vin e
i LY e 7 "\M
_’j\q \_‘) "W_.4,”'\ - "'“\.._/J . —_—_ A e
@ T P T VA A A L
8. FREQ (HZy (LIND 192 903
G-23R P#2 at 61.5%
SPEC THB 25 U AC  TRG-(OFF HAN  DFF  FREQ 53 QQOOBO
CHB AVG-Sumr F e 378 peEs 1@ UaLli & eR12E-24
[P NN A TS Y SO SIS G U SN SUNUY U S W | RO VI G GRS |
1 '-Mef : !
'33 J ’ !
‘l §
t ﬁ
. |
:A__ I & -
‘o, L
A " !
GUERALL RMS |} ERAS
3 249:E-83 ‘ & Y i,
b ' ! !
13-MAR-37 ‘, }L% 'AW'A. IA# 1
14-28:28 \A . foly Y u !
A K e ~ )
v ~ "\4‘\/"/“..\' N ot A )
a i
AN T R o L
9 FRET (HZY (L 132 209
D-8




G-23R P#3 at 61.59%

SPEC CHC .25 V AC TRG-OFF HAMN OFF FREG 53.989800
CHC AUG-SUM(F 83 RES 188 UALU 3 1983E-23
5 aae | . | J Y i L1 L | 4 1 4 1 4:
E-03 [
: i
) 1
. |
ULTS : :
g |
QUERALL RNS i |
4 9209€-93 H ;
R
13-nAR-37 SAR]
14.28 29 ;:{ﬁ
A
\ A ~'
a . L-a_*_/v._»q ; ‘\ - r—-: ' . . \T‘ﬁf‘“\.: ,- o~
@ FREQ <HZ) <LIN) 100 0e8
G-23R P#5 at €1.5%
SPEC CHD .25 U AC TRG-OFF HAN OFF FREQ 53 20088
CHD ALG-SUMCF 8/8 RES 198 VaLy 3 3iSIE-a3
i 1 1 Lo i ] [ 1 i N TS S Lo+ 1 1 '
5 9009 ?
£-23 :
J
' |
T .
i
|
s [
t
LTS e '
£ ]
' —
UERALL RMS , '
! 9219€-82 |} 5 ;
I '
13-MAR-87 } -~ 7 r—+
. . - J ] uf® .
14: 28 : 29 ' / .'.\.,/\quj '\/\‘,’ \VJ lvﬂ—‘ KA"I\'Y" T AN f\/ \b.J ‘J"‘V ‘\Y'./"'\ |
9. l ]
[—' ‘,' R ) T ] 1 T L r T ] A S i Y " 1 4
) €OES (H2, (LI 129 wev




G-24 P#l1 at 61.5%

SPEC  CHA it U AC TRG-OFF HAN JFF  FR S
CHR . lﬁUG-SfH‘F) | 8/8 N RES 190 U“Ee 8 Z?gggegg
A it i N i . . \ |
1.999 1 1 1 i — i S S
E-21
+
Wre ;
I
u
CJERALL RMS l
1 4294€£-81 i
i.
. iy .
13-MaR-87 4
14:25 22 AN 1
AN \ '
R N S SRt
' H A 3 T T T T
a FRZQ (HZ)Y (LN, 149 808‘
~24 P#2 at 61.5%
§FE; ~HB 2 v AL fRE—CFF it IFF FRES 53 394193469
{nB CZ-3URCE ) 53 RES 193 UALU 7 2S4SE-04
5 aeeq‘fn 1 S G U O U SN SN S UGS S 4‘
5 i
j i
{
ATE
CUERALL RMS - !
2 4267E-83 | L ;
13-MaR-37 T b
14 25 9@ o\ I A
.|_,', - ii ~ .-'J‘ Y I
a lL H’*-u\/\,—*fv—"\-s.-\,-.a e A= e .
U R S S U S T —T T
3 FREZ (H LiN. L850 309




G-24 P#4 at 61.5%

CVEvALL RMS

5PE. CHC .25 U ARC TRG-OFF ke CFF  FREZ 53 232336

CHC . QUG -SUM F ) (%8 PES 108 wALL 3 S78%c-@7
5 eeeql L } L 1 L N — i L 1 T § n -
£-33 | ‘
| |
| ]
i |
l T :
; E |
| I
LLT3 | i (
- ht j
OUERALL RAS | v R
4 8911€-83 | H ;
{ i :
B i} i
13-MaR-37 ~ j
14:25-20 | | !
! f}t} !
k - r “J O g
e 3 “\.—-F’_N-'- T e -\-"’A—._ o, —~— |
L P A A L D TR

2 TREQG kS (LIND 199 249

G-24 P#5 at 61.5%

PET CHD 25 U AC  TRG-OFF 4ah 3PS OFREG S3 B3390

SHE ' AWH-ZmF 103 PET 129 vaLy 4 [S4TE-9T
3 agaq L} . ! i i N 1 i 1 N T ! xﬁ'
£-33 | ‘
l 1
| .
- i’ -

| i
GLTS é

?‘4; .

? J891E£-083 '
¥ ;
R |
i : © f'
."\'WHJA”A\.‘\N.. "W.K..Af—\/ 4 ' L/-'\'.'-\ S A LA
8. N
: T 1 A B L ‘
0 SYEg (n2. AR 149 v




G-33 P#1 at 65.5%

PEC CHA 1 U AC TRG-OFF HAN CFF FREG _S¢. 30895
CHA AUG-SUNCF ) 3.3 PES Che Labn -93s89ReRd
| S N | [ I G GH GHES S B S O | R | |
1.908 ;
£-3t |
i
‘ .
i
p .
( o
ULT3 : i
i !
|
QUERALL RNS 3
1 1264€-91 |
, ;
13-MAR-87 ~
14 4208 |
2 ,A.Hv).\JN_,'\"_/'/\—"_MA.‘/ g \__,-/ ~" I\‘\\_,./\, J;
' LA [ S ER A SRS S S D AN AL R N RN Y
9. FPEQ (H2Y (LIN) 199 209
G-33 P#2 at 65.5%
3PEC CHB 25 U AC TRG-OFF HAN ©FF  FREQ _S¢ 090024
THB AU -SUMCF 1 8/ RES 193 VUALL 7 319SE-24
| 238 }T_L ) WS GG CUNS CUS DU G NI S S S O | U S S S _:
£-83 ;
—
- oot
[ 1 * :: |
=
R ) ;
ULTS f{ AR
L PV
0iERALL RMS \ iy , Rl
3 1687E-83 ! (e i
Y Hy o _,
13-MAR-37 } P e
14 42 9@ \\'_\ ! [ AW |
. d ‘o 4 ’ '
> /\/1_/\ \./'—.'AV\_‘__’,AV.I ;
e 17r o ‘ 1 S | Yy T B T I ! T 4“
) TEEs (A, LLIND 190 292




G-33 P#3 at 65.5%

3PEC CHC .25 U AC TRG-OFF HAN OFF FREQ 56 990838
CHC AUC_SUML & 1 8,9 RES is@ UALU 2 3356E-a3
i R S N | 1 { i L1 1 O - 1 ¢
S 9008 : !
£-03 ! ;
i !
' 1
| !
i !
- ]
l F !
ULTS ; g |
Ei
QUERALL RMS £l
4 1141E-83 i
Pl
13-MaR-87 7
14.42:80 oy ;
\ Jom |
@ l.?‘\l’ — T T T T T
) FREQ (HZ: (LIN) 192 989
G-33 P45 at 65.5%
SPEC CHD .25 ¥ AC TRG-OFF ARN OFF FRES S56.0008008
CH AUG-SUMCE 3/3 PES 189 UALU 27 R921E-@3
HES I I R N i [ U G B A G S i i N
S . 000 ~ !
I i
|
]’ H
ULTS ;
) |
CJERALL RMS 13 :
9 1123E-83 f;
3-maR-87 P P N\Jhl% v R— ‘
14:42:08 (¥ f "\q \~ .N'W Ul - L =Tont™ A
TNy
e T 1 Y T Y g L4 . T v T H Y T 1 >
) FPED (M2 (LIN: 199 99




G~34 P#1 at 65.5%

SPEC CHA 1 U AC TRG-OFF HAN OFF FREGQ 9909
ZHA AVC-SUNCF > 88 RES a@ UALU o°%0 3 |
2‘990#4 5 W U B A B U B S B S IS ,
E-81
i
i
1
|
[
NLTS ' i
!
QUERALL RNS |
1 37438E-01 |
13-MAR-37 |
14:43:49
] AN ™ et PNt et N st et Kt w—‘- A“-"-\f\_a-/i
| LI R A T T 1T
3 190 989
G-34 P#2 at 65.5%
SPES IHB .25 W AC  TRG-OFF Hsh JEF FREQ  _S¢ a9Q09e
CHE HUG-SUMCF 9/8 PES 188 YRLu T TS3IE-34
i Qaé‘i ! i ! TR N CHU Gy U SHUNY YRS W ¢ Y i
-e3
_‘.. ‘
!
: i
! |
LTS : '
i) '
it §
GUERALL RNS i ; [
7 9844€-83 a | |
HEN 1 ' .i' [l
1 . i .
13-MAR-87 e w A
14:43 49 l\ ; k‘n'—(' p e~ ;
l ‘D‘ 1 i '{ v \._.f(\.
|- ot o ;
) I " S — S
. LA | 1 i ——T T 1 T T
2. FREZ Al) CLING 199 999




G-34 P#4 at 65.5%

SPEC CHC 25 V AC TRG-OFF Hatl OFS FREQ _56. 090000
CHC ﬂUG-:UH(F) 68 RES 199 Lwill 3 149 £-83
5 “.d: ] S PO L N S ¥ RN S T
£-03 !
|
-~
)
LTS 3
b 4
QUERALL RMS b !
4 0157€-03 !1
‘.
{:
13-M3R-87 a
14:43:48 jL
8. FREO !Hg (LIN) 100 909
G-34 P#5 at 65.5%
SPEC CHD .25 VU AC TRG-OFF Hatt OFF FREQ S¢ 930008
CHD lﬂUG-SllJH(F? ) \ 8-8 RES L!OB VALY 4 7379E-83
5 099& 1 i HEY i U G D SN S ST W G S U 4
E-83 T :
i
1
ﬁ ;
ULTS i
] i
OUERALL RNMS i :
8 S5692E-083 J ! i
i |
H '{; A ?
A |A. ‘
’\_!\/\ .-\[‘A"\« W A ‘f‘\ -, f.: v\ \""‘i
9. ' }
' T LARN R A B S S M S Sy
0. ’?EQ dZ\ (LIn, 198 999

D-15

|




G-34R P#l at 65.5%

SFEC ChA 1 U AC  TRG-QOFF HAM OFF FREQ 54 gggagg
cHA AVG-SUNCF > 878 RES 189 VALY 5 8S2SE-RAZ
x,eoe¢¢‘ n . : : -l S S |
£-31 {
3
|
L T !
[ 5 g
LLTS E i
i |
CUERALL RMS i B
. 2016E-81 F\ r
) i
13-A6P-37 ++ —
14 45 18 f \ |
IR NG n
~ ) - \
8 &‘A’b\_}/ (g N WP o A\"-/ \/" et ’d!
S N S T s e T T T T T
) FFEQ H2) (LIN: 100 899
G-34R P#2 at 65.5%
SPEC CHB 25 U aC TRG-OFF HAN OFF FPEQ  S6_g¢8aeud
ChB AUG-SUMCF » 8-8 RES 192 UYRLU £ 871SE-24
| 689 qL ;1 ! ! Lt 1 | N S ; ! I S 1 i ‘
E-83 .
1 ]
X |
uLTS 5 [
I !
QUERALL RMS i h \
2 8377E-93 fy i :
P Ui i
13-MuR-67 - ot '
14 45:18 |\ FAN o g ! :
“ TN = M L N
i —— \\JV \.,\_‘—\—'.b A_,‘.‘, . ‘\.,Al Pl i
¢ ; —T—
9. FREQ (W2 (LIND 138 909

D-16




G-34R P#4 at 65.5%

SPEC CHC .25 U AC TRG-OFF HAN OFF FREQ 56 000009
CHC AUG-SUNCF) 9-8 RES (@@ UALU 2 9821E-@83
'S D S Y U R N T ST T U ST U |
5. aooef - —
€-03
ULYS
OVERALL RMS -
4 9622€-83
13-MAR-87 .
14:45:10 ;
¢ W T
8. FREQ (H2) <LIN) 190 00@
G-34R P#S5 at 65.5%
3FEC CHD .25 U AC TRG-OFF ' MAN OFF FREQ sg.egeagg
CHD — (RUG-SUMCF) 8.8 RES 188 UALU 473S52E-93
5 oeo 1 'y i L i I l» 1 q e L
£-83 | :
E
uLTS 'i
il
OUERALL RMS 7:[
3 9391€-03 )=, !
: i
13-MAR-87 A— 3—.3 —
14.45:19 A/ \Wf A a
V*“\~NF~?MJ\V\/\~“/—A\/ : UA"‘/HV\V\AJ/\fJ»,
9. ) J
N A A B Y T T

T 1T T T 1
Q. FREQ ¢HZ) (LIM)

D-17




—_—

G-tar 3 P#l at 85%
3PEC CHA 1 U AC  TRG-OFF Hat OFF FREG S8 eaaegg
CHA L, WUG-SUMCF ) . Q89 RES 9@ UALU 4 e¢Sl0c-
1 L 1 ! i 1 ; i |
5 999 L 1 - i 1 1 4 '
E-32 ;
i :
11 i
5SS ]
RN ;
LTS ; ) (fi ! |
by ! .
L - H%fl | L;}
VEPALL ANS | R YO A
1 3821E-81 | | \ A IA
: N { '1"-J \ ,
‘ 3 ! { ’ Vi \ /l
12-MAR-97 = —— i iV
13.35:39 | A \ FVA T { \ ,
f \4. .,r A V\J S N ot !
W' A4
2 T \J T T T Y T N Y T T 1 T T v
9 FRES (HZ) «LIN: 100.299
G-tar 3 P#2 at 85%
376C CHB 25 V AC  TRG-JFF W&t OFF  FREQ S 993909
LHB QUG -SumCF ) L a sAigges 199 Unid 9 ‘7=’=-v
) EE— : e -~
——
WTs -~ —
f :
GLERALL RNS y
2 3942£-03 | i
I N .
13-MaR-37 1 N B
1*3939 ‘ " )’ ! |' .l 5 f‘\' !
i L‘ka ,' \l. : ! ‘. \ . E
3 f - A e e N — Y ~*s |
—r— T — — - —r T
2 FEER M2, LIN 199 9ag
D-18




G-tar 3 P#3 at 85%

SPEC CHC .25 U AC TRG-OFF HAM OFF FREG 7S.980908
SRe- Che 2 AUC-SURCF > 8.8 RES 199 UALL 2 8795E-83
I | Y 1 L i f | L i } ) U 1 i i 2
5. 90 :
E-83
[}
|
3 .
T |
QUERALL RNS i
4 4777E-82
1 i
13-MAR-87 K L
143938 |} [T
|l
9 . g I ‘ H v ‘[ A ‘ v |
e "EREQ (HZ) - (LIN 199900
G-tar 3 P#5 at 85%
SPEC CHD .25 i AC TRG-OFF HaN OFF FREd 75 0000 g
Chd _ AUG-SUMF, 8/ KRES 189 UALU 1.1351E-@3
1 eosa— : : : * — S f
£-32 | ‘
H ]
1
|
|
]
|
vLT3
i
. OUERALL RMS B
1 1949€-82
. 13-%aR-37 .
14 33.38 . _ .
SN A A AN e =T Y
° LA B vy v Al T A ' R
] FRSG 7H2) (LIN) 129 9u0
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APPENDIX E
DATA ANALYZED FROM ALL FLIGHTS AT McCONNELL AFB

A/C 120 Page E-1
A/C 308 Page E-4
A/C 312 Page E-7
A/C 482 Page E-10
A/C 502 Page E-12
A/C 306 Page E-15




A/C 120
FLIGHT TEST DATA

abp3 buipea uaeds urey
(ZH)AN3nD3u4
gﬁr’hh%»-%rb -Q‘L»-mhbpnﬂuwlwﬁ

3|quny oN 021 J/Y 9

Z

/
H 19

YT T T v v T110-31

€0-300°2 SWd TWN3A0

103§ 30|14 pulydg

uorjels s,uaojzebraey BuLsnoy juawnujsug
001 o8 (ZH)ASNIND3YY © (ZH)AININDINY
bl—fr»h»u@b@bh»b»..?»»Q-NFL- UmQIWH 8~h~p@}-°~Lbn°ﬁ'h»h°ﬁNnhb vaIWﬁ
m_ S N T |
N
w B JEmn 2 n'— ddﬂﬁ Q
4 i
\\\\ H §°1¢ H §'08”
7 Vd
ZH 19 ZH 19
r{TvyJivyevrrrrerrrr—rrr—r—r-r—100-31 T T T T T T rTrv110-31

20-36€°1 SW¥ TIVY¥3A0 c0-3¥8°1 SWY 1TVH3A0




0.125}—< — e

-0.125 - ™ —— T
SECOND

OVERALL RMS 1.62€-02

1E-0lpdmd L B3
5:%/ H
7
50 HZ ™ T 63.5 HZ
G P nﬁl W‘ Ij\‘f |," ;!’l‘,“ B
LT AR
¥ T r 1 ,i
1E-05}— — e ——— :
° % QOFREQUENCY?SZ) % 100

A/C 120 Rumble




OVERALL RMS 1.78£-02

U SN SR U UR SR GH W WO S G R U St

1E-01 p—u

61 HZ

G
1E-05
0
FREQUENCY(HZ)
Instrument Housing
Behind Pilot's Seat
OVERALL RMS 1.02E-02
lE-Ol VR N S B S B T N S S T PR S T BT
G
1E-05 v vV 1L+ rr.r—rrvrJ1rrr o1~
0 20 40 60 80 100
FREQUENCY(HZ)

Main Spar Leading Edge

A/C 120 Rumble




A/C 308
FLIGHT TEST DATA

alquny ON 80€ J/¥

uoL3e3ls s,aojebiraey
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(ZH)AININDIYS
001 08 09 oy
P DY S U N TN DU S S G |
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ZH S°¢
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T ..y

T

Ty T vy r Ty

€0-319°6 SW¥ TIVY3A0

10-31

abp3 Huipeai aeds utey

(ZH)A2M3nD3Y4
001 08 Jm oy 02 0

a4 . 1 a2 1 4 a2 4 2 1 2 & 2 1 3

IH €L

L S AR AR S AN BN AR GEE

20-318°1 SWd TIVY3A0

LEDERER SR S A A

jesg 30(ld pulysg
bucLsnoy juswna3zsur
(ZH)AININD IS
9 o 02 G

1 PO |

ZH S§°EL

) 7 1T rrrir+ryvy v 7T r>

£0-31/°8 SWY TIVH3A0

S0-31

10-31

§0-31

10-31




0.125

-0.125

1E-01

1E-05

SECOND

OVERALL RMS 1.97E-0

U Y U VS VR SR S SO SHUNS GHN GHp W SR S

67 HZ

y ™~ T ! 1 H
20 40 60 80 100
FREQUENCY(HZ)
Navigator's Station

A/C 308 Rumble




P

OVERALL RMS 1.12-02

lE_Ol P W AU VEENT U SN W N NN DU SN SN CUNNY SN SR N S |
67 HZ
A,
6 ’\‘ j 1 a
1E-05}—y——r—1 T T T T T T T T
) 0 20 40 . 60 80 100
FREQUENCY (HZ)
Instrument Housing
Behind Pilot's Seat
OVERALL RMS 2.49E-02
IE_OlnlnL | U S B W G S U G U U S U G W
67 HZ
|—
6
| ]' y r
1E-05 F—r—1—r | NN (LA R B SRR A AR SR B
1] 20 40 60 80 100
FREQUENCY(H2)

Main Spar Leading Edge

A/C 308 Rumble




A/C 312
FLIGHT TEST DATA

&

aLquny oN ZIg /v
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1l -omb d %M A bLO‘rb\r -°Np I -FQWQ!Wﬂ

L LA A A A

20-398°1 SWY TIVH3A0

10-31




sy

PSS I S WS G S PRI I

G
-0.125 b/ —
0 1 2
SECOND
OVERALL RMS 4.79E-02
1E-0] PN G T U I S Y Y U S G G ST S S |
56 HZ
I
f 1
i r\'
6 : ' )
Pl T Ry, hQ#
[ T4y 1 el
L —
1E-0 - e e
0 20 40 60 80 100
FREQUENCY(HZ)

Navigator's Station

A/C 312 Rumble




OVERALL RMS 4.04E-02

1€-01 P T U ST U SN U N W RN SO N SIS S S SN S R |

56 HZ

fo— SO

1E-05

o ' 20 4 60 8 100
FREQUENCY (HZ)

Instrument Housing
Behind Pilot's Seat

OVERALL RMS 1.93E-02

1E-01 TS S S W Y SN SU S S NN G N R S S T S

54.5 HZ
/
——56.5 HZ
G
]
1€-05
L] L R v v v LE v [ § T
o 20 ' & ' 6 . 8 ' 100

FREQUENCY (HZ)
Main Spar Leading Edge

A/C 312 Rumble




A/C 482
FLIGHT TEST DATA

ajquny oN 28y /Y

uoLjels s,uojebraey
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/
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1€-01

1€-05

L}

v fo! L

OVERALL RMS 2.13E-02

[ G W SN SN SN G SR SN SNV U SR W S 1

66 HZ 69 HZ

T T T L
20 40 60 80
FREQUENCY(HZ)
Navigator's Station

T

A/C 482 Rumble




A/C 502
FLIGHT TEST DATA

a|quny ON 205 J/V

uoriels s,Jo3ebraey

(ZH)AIN3IND3NA
09 oy 02

P DS Y U ST M T AN A S N |

1 g1

§0-31

L}
20-3¥E°T SWY TTV¥3A0

10-31

abp3 6utpesaq sedg upey

(ZH)42M3nD3u4
001 08 09 oy 0¢ N Q
P D W U WS G Y U D GRS TN U DR G G wclwﬁ
9
-
T T T T T Yy v vy 10-31
20-3%6°1 SWd 1TWH3A0 _
Jeag J01Lld pulyag
Buisnoy juawnuajsug
Awu~>uzu=auuu oz 0
8#.-r°»QL—-rn.-..>-._ mOIw.—
1 . _ |
; é:
I 9
ZH §°9¢t
s
IH §°ES
T a<_,qq..ﬂ_....4~. ﬁOlun

£0-308°6 SWd 1WY3A0
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0.125

-0.125

1E-01

1£-05

—y 7

OVERALL RMS 1.71E-02

PR G Y i ) S G T S i L A |

40 60 80 100
FREQUENCY(HZ)

Navigator's Station

A/C 502 Rumble




OVERALL RMS 1.79E-02

18_01 PRI U U SN N SU N D S N S G S SN G S S G

72 H2

1E~05

T T T T T T T T T T T T
] 20 40 60 80 100
FREQUENCY(HZ)

Instrument Housing
Behind Pilot's Seat

OVERALL RMS 1.49E-02

1E-01 U S S W Y U U U W S G N SN SRS S O
73 HZ
Z
/
6
1E-08—r—p—r-1—""7"—"V"rr—"""r"T""T"T
0 20 40 60 80 100

FREQUENCY(HZ)
Main Spar Leading Edge

A/C 502 Rumble




A/C 306
FLIGHT TEST DATA

OVERALL RMS 1.24E-02

1£-01 PO U SO ST N U W NN G U RS W WIS N S Y W S

30.5 HZ

~ ‘
G W
IE'OS T T T T v T v I 1 Y Y T | L Y LR

0 20 40 60 80 100
FREQUENCY (HZ)

Instrument Housing
Behind Pilot's Seat

OVERALL RMS 1.70E-02

IE_OI IR SR G NN S S S SO S SN S SN ! PO WS S N
63.5 H2

6

1E-0_,1‘ 1 1. 13 T ¢t § ¥ ) | Ao 1 Lg L T

0 20 40 60 80 100
FREQUENCY (HZ)

Main Spar Leading Edge

A/C 306 No Rumble




0.125

G
‘0.125 ~r +t T T tr . v 1 v T M Xt X 4 M SIS SN 1 Al p
0 1 2
SECOND
OVERALL RMS 1.83E-02
IE_OIJLAlilijijLJLAJLij
39.5 HZ 62 HZ
AN £
N S
ﬂ )
L \
G
B AL A 0
WY
(1}
¢
| -
IE~05 T | L | LA A § Y ! T M T T T H T 1 T
0 20 40 60 80 100
FREQUENCY (HZ)

Navigator's Station

A/C 306 No Rumble




TRUL e S S S S S S S S W G S S
|
il
L
‘I

A

'0-125| AR AN A YA S A SR s S S ¢ "
0 1 2
SECOND

OVERALL RMS 3.14E-02
1E-01 W U U VRN SN S R Y WS WY S SN SN U S S S O

6
1€-05 ]
0 20 40 60 80 100
FREQUENCY (HZ)

Navigator's Station

A/C 306 Rumble A




OVERALL RMS 1.44E-02

1!-01 s & o+ Lo b o 4.1 a4t . 1 2 1 4

69 HZ

//
X

15'05 L |  J | SR | v T LA S T v 1 ¥ T v 7 L]
0 20 40 60 80 100
FREQUENCY(HZ)

Instrument Housing
Behind Pilot's Seat

OVERALL RMS 2.15E-02

1E-01 VN Y WS U W N N S T W SN S SN R
68.5 HI
G
1E-05 oy T T T T T T T YT T YT T T T T Y
0 20 40 60 80 100

FREQUENCY(HZ)
Main Spar Leading Edge

A/C 306 Rumble A

E-19




0.125 J VNS WUV WU SN SN G TR GHNY SRS SH G WG GRS S S e

'0.125 Y v LRSS SumRar T T T LN R SR o T v T T T " T 1

1
SECOND

OVERALL RMS 2.18E-02
1E_01 I WY VS T U VU U GHA SHNY SHNY GHI VI SHI U AU U SENY T

59.5 HZ 62.5 HZ
N

G

eoS_

0 20 40 60 80 100
FREQUENCY(HZ)

Navigator's Station

A/C 306 Rumble B




OVERALL RMS 1.83E-02

PO DR W N W B U B S S B i

1E-01

1E-05

1€-01

1E-05

7 595 rrrirrrorTr
40 60 80 100
FREQUENCY (HZ)

Instrument Hou:ing
Behind Pilot's >eat

OVERALL RMS 2.13E-02

PR SR S WA W SRS | | B 'Y

40 60 80 100
FREQUENCY (HZ)

Main Spar Leading Edge

A/C 306 Rumble B




-00125 v T
0

v v A ¥ 1 T L 1 v

OVERALL RMS 2.35E-02

I U N W G GRS R S SEN SR N S O

PRSI S SHU G U

1€-01 p—a—1

51.5 HZ

]
N

!
i |
1E-05 T T T T T T
0 20 40 60 80 100
FREQUENCY(HZ)

Navigator's Station

A/C 306 Rumble C




OVERALL RMS 2.33-02

1E-01 I WU ST SN U G WA W (SN SHE U WA SN SHN S S '

48 HZ

1E-0 v vl LA I | ™71 vrirrr

1 ]
0 20 40 60 80 100
FREQUENCY (HZ)

Instrument Housing
Behind Pilot's Seat

OVERALL RMS 1.70E-02

1€-01 FUEN U W U W VUMY U WY U NN SR WU U SN S S
48 HZ
/
G
-~
1£-05 pr—p—r—vrTTT VT T T T T
0 20 40 60 80 100
FREQUENCY(HZ)

Main Spar Leading Edge

A/C 306 Rumble C




0.125 F WY N S J G N S N S S O S S S i

‘0.125 Al A J L Ll . T A\l T s

SECOND

OVERALL RMS 5.5E-02

1£-01 f VN U U U U S S U E U ST TSI S S S S

55.5 HZ 56.5 HZ

1E-05 ; — T
0 20 40 60 80 100
FREQUENCY(HZ)
Navigator's Station

A/C 306 Rumble D




OVERALL RMS 7.95E-02

1€-01 'Y SRR NS DU TNUT SIS NI SUU LS WS LS U NI WU IS W S

6
1E-05 ] vy Ty vy vy vy vy
0 20 40 60 80 100
FREQUENCY (HZ)

Instrument Housing
Behind Pilot's Seat

OVERALL RMS 1.90E-02

IE‘OI FUNEN VY VRS WIS T CUN SR W SN SN SR SE SR N SR G S G Y

55.5 HZ

G
1E-05 pvr—r—r—T—r—T—"r T T T T T T T T
0 20 40 60 80 100
FREQUENCY (HZ)

Main Spar Leading Edge

A/C 306 Rumble D




1E'°1 U WU S UGN S SNV NG U NN S S SN S SN VN GRS ST S |

IE'OS v T T 1] T r Y T T Y T NL AN N p | v T
0 1 2
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OVERALL RMS 2.13E02

1E-01 P S S Y G IO SR W S W S U SN U S G S
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N/

1€-08 f——r—r —r

T | B
40 60
FREQUENCY(HZ)
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-

80 100

A/C 306 Rumble E
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OVERALL RMS 6.86E-02
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FREQUENCY (HZ)

A/C 306 Rumble F




OVERALL RMS 3.31E-02

1E.°|Al.lnlleL1L;LL1144

IE‘OSl -y -y T 4 T \J L T 1 v
e ¥ 2 ' 4 | 60 80 100
FREQUENCY (HZ)

Instrument Housing
Behind Pilot's Seat

OVERALL ﬁﬂs I.P3E-02
PR S b L

1E-01 P GHT R Y SR N TR N S S S |

55 HZ

1T v 17 1 7t

40 60 80 100

FREQUENCY(HZ)
Main Spar Leadiﬁg Edge

A/C 306 Rumble F




APPENDIX F

GROUND TEST DATA FOR A/C 120 and 306

A/C 120 Page F-1
A/C 306 Page F-4
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