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DISCLAIMERS

The findings in this report are not to be construed as an official Depart-
ment of the Army position unless so designated by other authorized
documents.

When Government drawings, specifications, or other data are used for
any purpose other than in connection with a definitely related Government
procurement operation, the United States Government thereby incurs no
responsibility nor any obligation whatsoever; and the fact that the
Government may have formulated, furnished, or in any way supplied the
said drawings, specifications, or other data is not to be regarded by
implication or otherwise as in any manner licensing the holder or any
other person or corporation, or conveying any rights or permission, to
manufacture, use, or sell any patented invention that may in any way be
related thereto.

Trade names cited in this report do not constitute an official endorsement
or approval of the use of such commercial hardware or software.
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DEPARTMENT OF THE ARMY

HEADQUARTERS US ARMY AVIATION MATE NEL LABORATORIES
FORT EUSTIS. VIRGINIA 22604

The effort reported herein represents a part of an overall program to
derive techniques that may be used in the development of diagnostic and
inspection equipment for Army aircraft maintenance.

This report presents the results of the investigation of the use of
acoustical energy measurenent and analysis to determine the mechanical
condition of the propulsion system of the CH-47 model helicopter. The
results of the program indicate that a sonic analyzer can be developed
into a useful tool in the maintenance of Army aircraft,
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SUMMARY

The purpose of the work encompassed in this report was (1) to fabricate an
automated diagnostic sonic analyzer, (2) to design and fabricate a CH-47A/B
helicopter plug-in module with both T55 engine and CH-47A/B helicopter
power train components capability, and (3) to design and fabricate an aux-
iliary microphone switch box.

The methods employed in achieving this work consisted of (1) analyzing me-
chanical data to determine the frequencies of the rotating components, (2)
performing a microphone survey and locking frequency investigation, (3)
analyzing the acoustical data to develop spectral familiarity and to es-
tablish initial analyzer programming and system compatibility. and (4)
conducting a field application program utilizing the automated sonic ana-
lyzer to correlate analyzer indications with the mechanical condition of
the rotating components and to establish analyzer limits.

As a result of the work accomplished under this program, a Curtiss-Wright
model CWCD-1000 Sonic Analyzer with a CWCD-1010 automation unit, developed
under Naval Air Systems Command Contract NOw 66-0704f, was fabricated and
delivered to the Army together with a CWCD-1020 microphone auxiliary switch
box. The CH-47A/B acoustic plug-in module, delivered with the analyzer,
vas designed and fabricated under this program to incorporate the T55 en-
gine (models T55-L-5 and T55-L-7) and CH-47A/B helicopter power train com-
ponents (forward and aft rotor transmissions and combining transmission)
capability. The component limits for the aft rotor transmission vere es-
tablished during the three-month field application program conducted at
Henchy Army Air Field, Fort Rucker, Alabama. An additional four-month
study was conducted in the Curtiss-Wright laboratory to evaluate the com-
plete CH-47A/B helicopter dynamic system utilizing the tape recordings made
during the three-mruth field application program. As a result of this
study, tentative component limits have been established. However, a con-
siderable amount of additional data will be required to confiram these
limits.

The utilization of the CWCD-1000/1010 Sonic Analyzer and the CWCD-1020
switch box by ground maintenance personnel at military installations will
reduce the aircraft downtime by eliminating unnecessary troubleshooting as
now being practiced under conventional inspection methods. As the con-
fidence level in the CWCD-1000/1010 analyzer is increased, the time between
periodic inspections may also be increased.
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INTRODUCTION

The purpose of the work inrluded in this report was to fabricate and eval-
uate a CWCD-1000/1010 Sonic Analyzer and a CWCD-1020 switch box with the
capability of analyzing the CH-47A/B helicopter dynamic components system,
including the T55-L-5,-7 engine.

To accomplish this program, it was necessary (1) to perform a mechanical
analysis of all rotating components of the CH-47A/B helicopter, for the
calculation of the expected acoustic frequencies; (2) to compile an acous-
tic handbook listing these acoustic frequencies; (3) to conduct an acoustic
survey of a number of CH-47A/B helicopters to determine the optimum micro-
phone locations and to establish the best locking frequency; (4) to perform
a laboratory analysis of all acoustic recordings for identification of en-
gine components; (5) to design and fabricate an acoustic plug-in module
with CH-47A/B helicopter complete dynamic component system capability to

be utilized with the CWCD-1000/1010 Sonic Analyzer; (6) to fabricate a
CWCD-1000 Sonic Analyzer with a CWCD-1010 automation unit (designed under
Navy contract NOw 66~0704f); (7) to design and fabricate a microphone aux-
iliary switch box; (8) to perform a field evaluation of the CWCD-1000/1010
Sonic Analyzer and CWCD-1020 switch box; and (9) to perform a laboratory
analysis of the data recorded in the field to establish tentative component
limits for the complete CH-47A/B helicopter dynamic component system.

: The objectives of this report are (1) to present the results of the work

: performed in the application of the CWCD-1000/1010 Sonic Analyzer and the
CWCD-1020 switch box to the complete CH-47A/B helicopter dynamic component
system, (2) to present the results of the design and development of the
CH-47A/B helicopter acoustic plug-in module and the CWCD-1020 microphone
auxiliary switch box, and (3) to describe the CWCD-1000 Sonic Analyzer and
the CWCD-1010 automation unit, including the design concepts.

AT ey

The Curtiss-Wright Corporation has been engaged in the research and de-
velopment of a new technique for diagnosihg engine malfunctions since
early 1960. A new concept for analyzing jet engines and power transmis-
sion systems, designated the Diagnostic Sonic Analysis Technique, has been
developed together with the design and fabrication of 4 analyzer models

4 under previous Government contracts (USN Bu Weps Contracts NOw 60-074c,

[" NOw 62-0721c, NOw 65-0094f, and NOw 66-0704f). 1In addition to these Navy

' contracts, company-funded research and development programs between Govern=
ment contracts led to the development of the frequency ratio generator,
intermediate frequency amplifier, and plug-in module circuitry. Under the
U.S. Army, USAAVLABS Contract DA 44-177-AMC-249(T), a gear study was made
of power transmission systems; and under USAAVLABS Contract DA 44-177-AMC-
446(T), a CWEA-4 Sonic Analyzer with UH-1 helicopter capability was de-
livered to the Army. Other completed U.S. Navy contracts include the
following:




Contract No. Description

NOw 66-0631d J65 Engine Compressor
Surge Control Program

N62269-67-C-0159 J52 Engine Analyzer

N62269-68-C-0040 CH-46 Helicopter

Dynamic System

Current projects include the following Government contracts as well as
analyzer evaluations for both Eastern and National Airlines:

U.S. Navy Contracts Description

N62269-68-C-0420 Field evaluation of 10
CWEA-3 Sonic Analyzers

U.S. Army Contracts

DAAJO1-68-C-1824 (31) CWEA-4 Sonic Analyzer -
T53 Engine Field
Evaluation

The effective date of the contract discussed in this report was 22 June
1967.



DISCUSSION

DATA ACQUISITION AND ANALYSIS

Mechanical Data and Analysis

The mechanical data for the various rotating components of the

47A/B helicopter were obtained from the Department of the Army;

el CH-

from the

blueprint files at the U.S. Army Aviation Materiel Laboratories, Fort

Eustis, Virginia; and from various bearing manufacturers.

The type of data

required for a mathematical analysis of the rotating components included
the following:

1.
2.
3.
4.

3.

Utilizing the mechanical data as obtained above, the predicted frequencies
of the various rotating components of the CH-47A/B helicopter transmissions

Operating speeds of engines and helicopter transmissions.

Gear train configurations and number of teeth on gears.

Accessories, their location, and, their internal assemblies.

Bearing types, dimensions, and number of rolling elements.

Helicopter engine installations and transmission locations.

and the T55-L-5,-7 engines were calculated as shown in Appendix I.
predicted frequencies are tabulated in Tables I through XXXIV, and an ex-
planation of the tables is give. in Appendix II.

These

The gear and bearing arrangement for the T55 engines and the CH-47 hou-
copter transmissions is shown in Figures 1 through 5.

Acoustic Data and Analysis

Microphone Location Survey

Microphone surveys of models CH-47A and CH-47B helicopters were con-

ducted (1) to determine the minimum number of microphones required for

complete signal coverage of the CH-47A/B helicopter dynsmic systeam,

and (2) to determine the component signals to be utilized for rpm
tracking.

Ten helicopters were surveyed utilizing a magnetic tape recorder and

4 condenser-type microphones to record the data.

A portable narrow-

band panoramic frequency analyzer was used for analysis of the re-

corded data.

A list of the helicopters surveyed is shown in Table

XXXV, During the surveys, the microphones were located at various
positions adjacent to the engines, the 90-degree gearbox, the forward
and aft rotor transmissions, and the combining transmission.

=

~ Technical HManual No. 55-1520-209-20P, dated March 1967,
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were compared at both ground idle and flight idle power conditions,
and orientation of the microphones was changed according to concentra-
tion of rotating components within each power train. Based on the
analysis of these data, the optimum locations of the microphones in 1
the CH-47A/B helicopter were determined to be as follows:

Microphone No. Figure No. Microphone Location

1 € No. 1 engine - opposite ac- {

cessory gearbox (aimed through 4

lower aft corner of cowling |

| grille). 1
2 7 No. 2 engime - opposite ac- ' - X

cessory gearbox (aimed through
lower aft corner of cowling
grille).

3 8 and 9 Aft rotor transmissions - lst
stage planetary (opposite
bevel input-synchronizing
shaft).

AN FuT R

1k

4 8 and 9 Aft rotor transmission - 2nd
stage planetary (opposite 2nd 3
stage ring gear). 1

5 9 Aft rotor transmission - ac-
cessory transmission (opposite
gearbox mounting flange).

6 10 Combining transmission - (op-
posite aft synchronizing shaft).

7 11 Forward rotor transmission -
1st stage planetary (opposite
bevel input-synchronizing
shaft).

s

8 11 Forward rotor transmission -
2nd stage planetary (opposite
2nd stage ring gear).

Although these 8 microphone positions represented a compromise to sinm- ,;
plify installation of the microphones in limited access areas, exam- .
ination of the gear train signals using wave-form analyzer equipment vi

indicated 90 percent coverage of the major rotating components. In
many cases there vas some overlapping of prominent signals between
adjacent microphones.

As a result of this survey, a requirement for an 8-position micro-
phone switching unit was indicated to facilitate rapid connection




2
3
to the 3-channel CWCD-1000/1010 Sonic Analyzer. A further requirement ’
indicated the need for special mounting hardware and bracketry to at-
tach microphone holders to the airframe in each location.
. In comparing the sound spectra at various engine speeds, it was found
that signal quality was improved by mechanical loading at higher rpm.

The flight idle condition was selected for analysis of the CH-47A/
helicopter as defined below:

Helicopter Component Speed (RPY) Tachomster Setting
Engine Nl gas producer 14040 75%

rotor

Engine Nz power turbine 15166 230 rpm
rotor (rotary-ving)

TRy 5

1 For valid comparison of data, these speeds were closely maintained
during the second survey series, and microphone positions were du-
2 plicated.

g Further data analysis indicated that the following component signals
¢ are suitable for acoustic locking based on consistent signal charac-

3 teristics at the established microphone 1 ~atiorn..
5 Spool Microphone Frequency
Lock Component __No. @ Flight Id’e

N1 No. 1 or No. 2 engine 1l or2 2047 Wz
accessory transmission

main spur train

Forward or aft rotor Jor7 15 Mz
transmission input
spiral bevel train

Utilizing a variable phase-lock filter, laboratory studies verified the
selection of these signals as advantageous for speed variations from
70 to 75 Nl and 220 to 230 rpm Nz.

RPM Tracking Tests

A single plug-in phase-lock module design was proposed, based on the
speed settings selected above, and utilizing the following tracking

frequencies:
RPM Dependent Locking Tracking
Components Frequency Multiplier Pthuontz
Nl 2047 Hz x4 8188 Hz
N, 3415 Hz x3 10245 Hz

R . ~ s e E — A, f.w -



Operation of both the CH-47A and CH-47B aircraft at flight idle in-
dicated that N, speeds of both engines could be simultaneously set
within 73 to 7% X at a main rotor speed of 230 rpm, depending upon atmos-
pheric conditions. Speed drift during a 5-minute duration recording

(one switch mode-three microphones) was found to be generally less than
1/2%, so that tracking range requirements did not exceed +3%.

Module capture range within +2% was considered to be desirable because
of tachometer inaccuracies and speed droop between Nos. 1 and 2 engines
at a given power setting. Phase-lock tests using recorded data from a
total of 12 survey recordings were satisfactory in all cases where mi-
crophones 1, 2, and 3 were positioned as above. In most cases, micro-
phones 4, 7, and 8 also proved to be satisfactory for N2 lock.

Spectral Familiarization

A spectral analysis was made of the microphone survey recordings (see
Tnble XXV) to confirm the presence of the 2 signals proposed for the

and N, locking frequencies and also to determine the identity and
c%arncteristics of the various component signals. The results of this
analysis confirmed that the engine and transmission components selected
for acoustic locking during the microphone survey are valid. The major
rotating components of the engine, the 90-degree gearbox, the forward
and aft rotor transmissions, and the combining transmission were also
identified.

Nl Locking Signal

A spectrogram, obtained from helicopter serial number 66-19139, of
the No. 1 engine accessory drive section using microphone No. 1 is
shown in Figure 12. This spectrogram shows the relativaly strong
signal (2047 Hz @ the flight idle power setting) exhibited by the
N; main accessory drive gear train as compared with the background
noise level and is typical of spectrograms obtained from other
helicopters. The consistently strong signal-to-noise ratio exhib-
ited by this component together with the absence of any other dis-
crete signals in the near vicinity confirms the selection of this
componer.t as an excellent N1 locking signal.
N2 Locking Signal
K-apectrogram, obtained from helicopter serial number 63-7911, of
the aft rotor transmission using microphone No. 3 is shown in Fig-
ure 13. This spectrogram shows the relatively strong signal (3415
Hz @ the flight idle power setting) exhibited by the aft rotor
transmission input bevel gear train and confirms the selection of
this component as the N, locking frequency. This spectrogram is
typical of those produced for the forward rotor transmission uti-
lizing microphone No. 7 and of spectrograms obtained from other
helicopters for both the forward and aft rotor transmissions.

Transmissions - General

In order to compare frequencies and to evaluate component signals
for each microphone location, a frequency analysis was undertaken
for each major transmission area. Using the narrow-band panoramic
spectrum analyzer equipment, amplitude versus frequency charts were
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obtained to verify the presence of known signals and to provide
base data for later evaluation of gain limits using a laboratory
CWCD-1000 analyzer.

An overall comparison of predominant gear train signals showed a
wide amplitude variation in the CH-47A/B spectrum. In the case of
transmissio» spectrograms, a variation in background noise was
noted betw:en different aircraft with consistent signal/noise am-
plitudes for identical signals. In addition, signal changes
caused by -he effects of mechanical loading affected amplitude
levels, wh.ch are standardized for N; speeds at 75%, or nominal
torque at 225 rotor rpm, on both engines.

Main Rotor Transmissions and Combining Transmission

In the case of the main power transmissions, strong fundamental
and harmonic signals were noted at tooth contact frequencies,
accompanied by families of sidebands at predictable modulation
frequencies. Examples of this sideband generation are shown in
Figures 14, 15, 16, and 17, all taken from data run at the nominal
power setting of 751 Nl and 230 N2 rotor rpm.

Main Rotor Transmissions - Planetary Gear Trains

In the case of the forward and aft rotor transmission planetary
gear trains, the sun planet and shaft frequencies modulated both
fundamental discrete signals. Comparison of data at various engine
torques indicated that the percentage of modulation remained con-
stant for a given degree of mechanical loading or torque at uniform
rpm. The degrce of modulation increased in linear proportion to
torque, showing that repeatable sideband limits could be set for
constant power levels. The mechanism by which sideband amplitudes
differed between transmissions could therefore be related to com-
ponent malfunction or degradation, resulting in abnormal internal
loading.

Combining Transmission

In addition to the main power bevel gear train, a stable pattern

of sideband generation was noted at odd and even orders of input
and output shaft speeds. Although overlapping in frequency, and
in some cases nonexistent, it was found that consistent amplitudes
vere present when torques matched between Nos. 1 and 2 engines.

At 75% N, speeds, even-order sidebands appeared at consistently
higher levels for the input shaft, and odd-order sidebands were
more pronounced for output shaft modulation, thus limiting the
number of signals believed to be of diagnostic value. Noise levels
were found to be unusually high in this vicinity of the spectrum.

No. 1 and No. 2 Engine Transmissions

Main spiral bevel train fundamental signals were apparent for both
gearboxes, but harmonics or sidebands did not appear. A typical
spectrogram of the No. 1 engine spectrum is shown in Figure 18.
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CH-47A/B Helicopter Component Rejection Limits

The analyzer component gain settings, which determine the component
condition level as read on the condition meter, are established in
two phases of the overall program. The initial limits are derived
from the analyses of recorded data which are obtained during the
early phases or component familiarization portion of the program.
These values may also be referred to as the preliminary field testing
limits. In those cases where the program provides for field evalua-
tion or testing of the analyzer, these initial limits are further re-
fined and/or revised to establish component condition levels under
actual field conditions. The preliminary work and result of tests
accomplished under previous phases of programs have shown that the
engine js treated as a collection of bearings, gear trains, acces-
sories, compressors and turbine stages. However, in the case of
helicopter transmissions, this reasoning and the methods of analyses
become slightly exaggerated and difficult to apply. The collection
of parts may be existent in comparable mechanical arrangement, but
various orders of signal generation and their related amplitudes tend
to be inherently dependent upon input/output forces and allowable
factors such as tolerances, alignment, and mass. Although experimen-
tal transmission gains have been formulated for those signals which
appear to be indicators of component integrity, there still exist un-
predictable signal consistencies due to the sympathetic relationship
of parts, which is not yet fully understood. Continued experiments
coupled with the disassembly inspection of suspect components identi-
fied by out-of~-limit readings will result in clarification of analyses ] ¥
methods and will establish criteria which may be applied for monitor-
ing the mechanical integrity of components as integrated into a
transmission assembly.

The program to establish CH-47A/B helicopter engine and transmission !
component gain limits was divided into three phases:

1. Preliminary condition limits

These limits were established utilizing the CH-47A/B heli-
copter data recorded at Fort Rucker, Alabama, during the
initial surveys conducted in August and December 1967. In
the analyses of these data, components were selected which
had previously been identified in spectrogram analysis, and
which appeared to be stable and of consistent amplitude.

2, Interim condition limits

These limits resulted from refinement of preliminary limits
using data obtained from the CH-47A/B helicopter field evalu-
ation program at Fort Rucker, Alabama, during May, June, and
July 1968 and incorporated program changes derived from the
analyses of recorded data using the delivered CWCD-1000
analyzer.




3. Final condition limits

These limits were established as a result of an additional
four-month study of the recorded data obtained during the
three-month field evaluation progran.

The analyses of these data consisted of establishing a gain setting
required to produce a half-scale deflection of the condition level
meter for the rotating components associated with the N; and N, sec-
tions of the engine as well as with the forward and aft rotor trans-
missions and the combining transmission. These gain values are sub-
sequently revised to correspond to low meter read-out for low or
normal component signals and high meter read-out for those same com-
ponent signals found to have greater amplitudes.

In aiming at interim and final gain limit values, different methods
were used for each type of transmission. Simple gear trains (such as
engine nosebox bevel trains) produced a single fundamental tone cor-
responding to the tooth contact frequency with little or no harmonic
content. More complex gear trains (such as planetary rotor transmis-
sions) generated a complicated pattern of discrete signals which
consisted of families of sidebands related to tooth contact signals
by interacting internal shaft and gear speeds.

In the preparation of program logs, three types of gain limits were
defined:

1. Comparison of signal amplitudes, or measurement of signal
levels relative to normalization noise level.

2., Sidebund or harmonic ratio, or ratio between sideband or
harmonic amplitude relative to ambient noise, and carrier
signel level relative to ambient or normalization noise.

3. Difference between sideband or harmonic and carrier signal
level, measured by signal amplitudes relative to normalization

noise,

The frequencies found to be significant for each mechanical component
and which also showed consistent levels for the data examined are
summarized in the program logs presented below.

1. Program No. 2011 - Aft Rotor Transmission

a. Amplitude limits - input spiral bevel, lst and 2nd stage
planetary gear trains (refer to items 4-10, 21-27, and
40-42, Table XXXII1I).

b. Sideband differences (ratio of sideband to carrier ampli-
tude) - input spiral bevel, lst and 2nd stage planetary
gear trains (refer to items 11-20, 28-38, and 43-50,
Table XXXIII).




3.

5.

6.

7.

Program No. 2021 - Forward Rotor Transmission

a. Amplitude limits - input spiral bevel, lst and 2nd stage
planetary gear trains (refer to items 4-10, 21-27,and
40-42, Table XXXIV).

b. Sideband differences (ratio of sideband to carrier ampli-
tude) - input spiral bevel, 1lst and 2nd stage planetary
gear trains (refer to items 11-20, 28-38 and 43-50, Table
XXXIV).

Program No. 2031 - Combining Transmission

a. Amplitude limits - spiral bevel power and lube oil pump
drive gear trains (refer to items 4-7, Table XXXV).

b. Sideband differences (ratio of sideband to carrier ampli-
tude) ~ spiral bevel power gear train (refer to items
8-22, Table XXXV).

Program No. 2041 - No. 1 and No. 2 Engine Transmissions

a., Amplitude limits - main spiral bevel gear train (refer to
items 4, 5, 44,and 45, Table XXXVI).

b. Amplitude limits - all power train bearings (refer to items
6-35 and 46-75, Table XXXVI).

Program No. 2051 - Aft and Forward Rotor Transmissions

Amplitude limits - all power train bearings (refer to
items 4-57 and 59-112, Table XXXVII).

Program No. 2061 - Combining Transmission

Amplitude limits - major power train bearings (refer to

Program No. 2071 - No. 1 and No. 2 Engine Components

a. Sideband ratios - primary compressor and turbine rotor
stages (refer to items 7-14, 28-35, 57-64 ,and 78-85,
Table XXXIX).

b. Amplitude limits - all main bearings and major accessory
drive gear trains (refer to items 66-76 and 87-95, Table
XXXIX - Note: omit items 16-26 and 37-45 which are not at
the optimum microphone location).

Program No. 2081 - Aft Rotor Transmission Accessory Transmission
Components

a. Amplitude limits - all gear trains (refer to items 4-10,
Table XL). 10




b. Amplitude limits - major gear trains and bearings (refer
to items 11-70, Table XL).

]
H
Punched automation tapes were prepared for each of these logs, and {
the scope of each is such that an average of 9 minutes is required

to scan automatically. Further experience with operation and teardown

of malfunction transmissions is needed to shorten present data re-

quirements.

Uniformity of Data : |

Combining Transmission

During initial surveys, 7 runs were taken at different engine
power settings (230 rotor rpm) to correlate loading effect with
sideband development. The analyzer readings were later taken
against both input and output shaft modulation frequencies up to
the 8th order. The results of 4 runs are shown in PFigure 19,
which gives an irregular pattern of amplitudes generally increasing
with engine torque, and tending to diminish in strength at higher
orders. Unmatched engine outputs tend to produce wide variations
between successive orders of shaft speeds, while a smooth bell
curve asymptotic to the average noise level was produced for con-
stant even loading. Sideband limits were derived from this curve,
and since the fundamental gear mesh signal repeated in amplitude
within + 2 db, readings are normalized to this signal instead of
to the noise amplitude.

Figure 20 presents a series of runs utilized to establish the gain
limits for the combining transmission fundamental (including the
2nd harmonic) gear frequency.

Aft and Forward Rotor Transmission

In the same manner as for the combining transmission, preliminary
limits were set on the three-tooth contact signals (fundamental,
2nd and 3rd harmonics) for the forward and aft rotor transmissions.
The average deviation of signal/normalized noise ratio was approx-
imately + 4 db from a mean value, with a substantial difference
between data taken at the same torque levels. When signal/funda-
mental differences were plotted for the same data, a deviation of
only + 2 db was noted. The limits are therefore based on both
systems,and more extensive data will be needed to ascertain which
1s more suitable for malfunction detection. Both are included in
program logs for future use.

Selection of Aircraft Components for Analysis

Approximately nine hundred rotating components and fourteen hundred
associated sonic frequencies were found to exist for the CH-47A/B
helicopter power trains and engines. Early in the program it was
possible to eliminate fifty percent of these signals as being insig-
nificant or nonexistent, thus requiring preliminary limits on only
seven hundred associated sonic frequencies.
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As a result of component selection conferences with USAAVLABS per-
sonnel, and by the process of elimination, these sonic frequencies
were reduced to 540 items, These items were subsequently organized
into several analysis programs for punched tape programming to provide
tapes of convenient lengths for ease of operation. The information
contained on these tapes is summarized below.

Program No. of Refer to
No. Description Components Table No.
2011 Aft Rotor Transmission - 51 XXXIII

gear trains

2021 Forward Rotor Trans- 51 XXX1V
mission - gear trains

| 2031 Combining Transmission - 23 XXXV
gear trains

2041 No. 1 and No, 2 Engine 76 XXXVI i
Transmissions - gear trains
and bearings

2051 Forward and Aft Rotor 120 XXXVII
Transmissions - bearings

2061 Combining Transmission -~ 52 XXXVIII
bearings

2071 No. 1 and No. 2 Engine 96 XXXIX
Components

2081 Aft Rotor Accessory 71 XL

Transmission - gear
trains and bearings

Microphone Normalization

All microphones are normalized prior to analyzer operation to standard-
ize amplitude readings of all engine/transmission component signals.
Normally, this is accomplished by selecting the lowest background noise
level at a frequency in the overall system noise spectrum that does not
contain any discrete signals. Analysis of the survey data showed that
wide noise variation in the CH-47A/B spectrum required selection of a
region in the median noise area so that measurement of high-amplitude
signals did not exceed the analyzer dynamic range. In addition, two
reference gain levels (30 db and 40 db) were chosen to permit analysis
of two separate helicopter systems, namely engines and transmissions.

] A thorough analysis of survey data established the CH-47A/B normaliza-
tion frequency as 5853 Hz for all microphones when using an N, locking

I signal. This requires the following gain settings according %o the

, frequency region of interest.

12
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Program No. Mike No. Ratio Set Gain I - Gain II

2011 '3, 4 0.4444 10 - 30 -
2021 7, 8 0.4444 10 - 30
2031 6 0.4444 10 - 20
2041 1, 2 RYINA 10 - 20
2051 3, 4, 7, 8 0.4444 10 - 30
2061 6 0.4444 10 - 20
2071 1, 2 0.4444 10 - 20

: 2081 : 3, 4 0.4444 10 - 20

pee

Although there is a substantial variation in noise level between mi-

; crophones at low frequencies (less than 2000 Hz), only small adjustments
are required to maintain half-scale deflection of the analyzer condition
meter at 5853 Hz,

5

1 PLUG-IN MODULE DESIGN

i The operation of the phase locked loop is as described in the instruction

1 manual.Z A block diagram for the phase locked filter is presented in

. Figure 21. The tracking capabtility of the loop is based on capturing the

{ signal of a component on the aircraft and then using this signal to mon-

1 itor the variation of the engine speed (within + 3% of idle) while re-

3 maining synchronous with the aircraft. The signals used to lock onto the

b CH-47A/B helicopter are 2047 and 3415 Hz for the N; and N, spools, respec-
tively, as discussed previously. However, to meet the operating range

p requirements of the CWCD-1000 analyzer, these Nl and N, locking frequencies
= were converted into analyzer tracking frequencies as fgllows:

Engine Locking Tracking

Spool Frequency Multiplier Frequency
! Ny 2047 Hz x4 8188 Hz
N, 3415 Hz x3 10245 Hz

These tracking frequencies are then used as a reference to monitor all the
rotating components on the helicopter.

Based on the above specirications, an acoustic plug-in module was designed
and fabricated for the CWCD-1000 Sonic Analyzer to provide CH~47A/B heli-
copter capability.

2 Operation and Maintenance Manual, CWCD-1000/1010 Sonic Analyzer,
August 1968.

13




DESCRIPTION OF CWCD-1000 SONIC ANALYZER, CWCD-1010 AUTOMATION UNIT, AND
CWCD-1020 MICROPHONE AUXILIARY SWITCH BOX

CWCD-1000 Sonic Analyzer

A complete description and operation of the CWCD-1000 Sonic Analyzer is
presented in the instruction manual delivered with the analyzer. A com-
plete parts list is also included in this manuai. The CWCD-1000 analyzer
is basically the same as the CWEA-4 analyzer delivered to the Army under
USAAVLABS Contract DA 44-177-AMC-446(T). However, many of the design
changes for the CWEA-4 analyzer, recommended in USAAVLABS Technical Report
68-28, have been incorpurated in the design of the CWCD-1000 analyzer.
Some of the major improvements include: modification of the intermediate
frequency amplifier circuitry to obtain better dynamic range, improved
locking capability, improved operation at higher ambient temperatures, and
increased battery capacity.

A photograph of the CWCD-1000 analyzer with the CWCD-1010 automation unit
is sho.m in Figure 22.

CWCD=-1010 Automation Unit

The theory of operation for the CWCD-1010 automation unit, including a
typical punched tape program, is discussed in USAAVLABS Technical Report
68-28, dated May 1968.

CWCD-1020 Microphone Auxiliary Switch Box

Eight microphones are used for analysis of all CH-47A/B helicopter com-
ponents. To facilitate rapid analysis and convenience in installation,
connections to the three CWCD-1000 input channels are made through a
CWCD-1020 microphone auxiliary switch box, as shown in Figure 23. This
switching unit is housed in a portable carrying case, which also contains
the CH-47A/B mounting hardware and bracketry. A photograph of the CWCD-
1020 switch box is shown in Figure 24. Each microphone is connected
through its extension cable to the corresponding input socket on the
switching unit. Standard 3-foot analyzer input cables are used to connect
the switching unit and the analyzer input channels.

Instruction Manuals

The following two instruction manuals were prepared for the operation and
maintenance of the CWCD-1000/1010 Sonic Analyzer and the CWCD-1020 Switch
Box:

1. Operation and Maintenance Manual, model CWCD-1000 Sonic Analyzer
with model CWCD-1010 Automation Unit and CH-47A Plug-In Module
P/N 177611.

2. Acoustic Handbook, CH-47A/B Helicopter Engines and Power Train
Mechanical Data and Fundamental Frequencies of Rotating Components.
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The purpose of the Operation and Maintenance Manual is self-explanatory.
The purpose of the Acoustic Handbook is to provide ready reference to me-
chanical information and frequency data essential for sonic analysis of
the CH-47A/B helicopter complete dynamic system. This handbook includes
the following information:

1. Cutaway and exploded views of the T55-L-5,~7 engines and the
CH-47A/B transmissions.

2. General arrangement configuration of the various helicopter
sections,

3. Gear train schematics for the engines, combining transmission,
forward rotor transmission, and aft rotor transmission.

4, Tabulations of the predicted frequencies of the rotating com-
ponents, including the actual ratios required in the operation
of the CWCD-1000/1010 analyzer.

5. Microphone locations for the engines installed in the CH-47A/B
helicopter as well as for the various helicopter transmissions.

FIELD APPLICATION PROGRAM

The model CWCD-1000 Sonic Analyzer with the CWCD-1010 automation unit

and the CWCD-1020 microphone auxiliary switch box were operated at the

U.S. Army Aviation Center, Fort Rucker, Alabama, during the period from

3 May to 31 July 1968. The purpose of this program was (1) to evaluate

the performance of the analyzer under operational conditions om the flight
line in both the manual and automatic modes; (2) to further refine the com-
ponent gain limits and acquire sufficient recorded data to properly estub-
lish gain levels for the engines, engine transmissions, and the helicopter
power train transmissions; and (3) to familiarize USAAVLABS personnel with
the microphone arrangement and analysis procedures.

In the cours: of this program, a series of 12 CH-47A/B helicopters were
run at Fort Rucker, Alabama. Experience was gained in the use of all 8
microphones for analysis of each transmission, and particular attention
was given to facilitating rapid microphone attachment and power supply/
swvitching unit connect.lon. Under normal conditiomns, setup time required
10 to 15 minutes, and a full complement of data could be recorded within
a 20- to 25-minute run-up period, allowing about 50X of this time for a
brief, live analysis of a particular component group using a single pro-
gram tape. Approximately one hour is required for a complete helicopter
analysis using punched tapes in the automatic or semiautomatic modes.

During this field evaluation, analyzer operation was satisfactory, and it
was possible to maintain helicopter speed settings well within the analyzer
tracking range of + 3%. Capture range of + 2-1/2% was found to be ample
and within the tachometer accuracy tolerances. Since combining transmis-
sion gain limits are valid only at equal engine torques, the N, rpm mater
readings can be compared for a validity check when matched engines are
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installed. All power transmission limits are dependent upon holding
engine torques between 220 and 230 indicated rotor rpm. ,

A sumary of the aircraft analyzed during the field program, including

aircraft, engine, and transmission identification, i1s presented in Table
XLI.

LABORATORY ANALYSIS OF RECORDED FIELD EVALUATION DATA

During the three-month field evaluation program at Fort Rucker, Alabama,
the analysis of the CH-47A/B helicopter was mainly concentrated on the aft
rotor transmission, although preliminary gain limits were established for
the complete helicopter dynamic system.

This program was extended an additional four months in order to perform a
laboratory analysis of the recorded data taken during the three-month
field evaluation program. During this four-month laboratory study, a com-
plete analysis was made of the engines, engine transmissions, combining
transmission, and the forward and aft rotor transmissions. As a result of
this analysis, the preliminary limits established during the three-month
field evaluation program were revised. These revisions have been included
in the following program logs:

Program No. Helicopter Component Reference Table
2011 Aft Roior Transmission XXXIII
2021 Forward Rotor Transmission XXXIV
2031 Combining Transmission ) XXV
2041 No. 1 and No. 2 Engine XXXXVI
Transmission

2051 Aft and Forward Rotor XXXVII
Transmissions

2061 Combining Transmission XXXVIII

2071 No. 1 and No. 2 Engine XXXIX
Components

2081 Aft Rotor Transmission XL
Accessory Transmission
Components

These program logs and the corresponding punched tapes were utilized with
the CWCD-1000/1010 automated analyzer at Fort Eustis, Virginia, during the

period from 13 November to 15 November 1968, for the purpose of final limits

evaluation and instruction in field use.
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As a result of the analysis of CH-47A helicopter No. 61-9109 at Fort Eustis
during the at.re period, some minor changes in the program logs (Nos. 2011,
2021, 2031, 2041, 2051, 2061, 2071,and 2081) were indicated. These cor.uc-
tions are shown in Tables XLV through LII. These changes were {ncorporated
in the punched tapes. New program numbers were assigned to these tapes s

follows:

Experimental Tapes . Current Tapes

Program No. Table No. Progras No. Table No.
2011 XXIII 2012 XLI1
2021 XXXIV 2022 XLIII
2031 XXxv 2032 XL1V
2041 XV 2042 XLV
2051 XXXVII 2052 XLVI
2061 XXXVIII 2062 XLVI1
2071 XXXIX 2072 XLVIIL
2081 XL 2082 XLIX

17
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CONCLUSIONS

The Curtiss model CWCD-1000 Sonic Analyzer with the CWCD-1010 automation
unit shows good potential as a successful indicator of power train com-
ponent anomalies for the model CH-47A/B helicopters based on the satis-
factory performance and operational characteristics exhibited during the
field application program.

Final gain limits were established for the CE-47A/B helicopter complete
dynamic system, which were consistent for all helicopters analyzed. How-
ever, a future program should be conducted to verify these gain limits by
a teardown inspection of components with an indicated malfunction.

The incorporation of the CWCD-1020 microphone auxiliary switch box greatly
enhanced the operation of the analyzer by reducing the time required for
the 8 microphone connections and, consequently, the overall analysis time.

Due to the considerable amount of time required to scan the 540 items con-
tained in the 8 program tapes, a more extensive investigation of a selected
list of components which exhibit a history of chronic failure may be de-
sirable in order to reduce the analysis time.
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Figure 1. Gear and Bearing Arrangement - Engine Accessory and Drives
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Rotor

149-139
149-160 Bearing, Ball
149-162
149-153
6 Ea.
- Bearing, Roller
d P1
149-141 and Planet Gear
Gear, Sun (R
2nd \l 149-132

Stage Gear, Ring
7
1st Y

Stage
c:ﬁ:-lgfm 149-174 Bearing, Roller
’ - 45/ 149-96 and Planet Gear
149-182 (297) 149-146
(517 4 Ra,
149-181 S
(56T) 7_ T — | W
149-192 Shaft j
(50T)
149-190 149-85

149-89
149-178 149-93

Code: (149-160) Re* :nce Program Index Tables XXVII - Ixx

Figure 3. Gear and Bearing Arrangement - CH-47A/B Forward Rotor
Transmission,
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Rotor

/— 150-210

150-240 150-247
150-238 = — Gear, Sun 6 Ea.
Bearing, Ball ——Bearing and
9 Planet Gear
nd
Stage 150-258
" 4 Gear, Ring
lst
Pan Drive  Stage l.__'I-FI
haft 150-284 150-254
150-123 gqar, Sun Bearing and

150-127

150-125

150-174

150-171
36T

150-165

150-201

E::q_ Planet Gear
150-275

52T 150-19

150-280
-150-190

150-278
T4T

150-197 < 150-310

36T

%—150-287

To Accessory Drive
Gear A (150-65)

Code: (150-210) Reference Program Index Tables XXI - XXIV

Figure 4. Gear and Bearing Arrangement - CH-47A/B Helicopter Aft Rotor

Transmission.
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Figure 5. Gear and Bearing Arrangement - Accessory Drive Gearbox -
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