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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 measurement 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 T5S 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) analysing 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 automata 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 Curtlss-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 analyser» 
was 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 were 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 Curtlss-Wright laboratory to evaluate the com- 
plete CH-47A/B helicopter dynamic system utilizing the tape recordings made 
during the three-mouth 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 confirm 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. 

ill 
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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 GWCD-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 Analyser 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. 

The Curtiss-Wright Corporation has been engaged in the research and de- 
velopment of a new technique for diagnosing 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 
under previous Government contracts (USN Bu Weps Contracts NOw 60-074c, 
NOw 62-0721c, NOw 65-0094f, and NOw 66-0704f).  In 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 

N62269-67-C-0159 

N62269-68-O0040 

J65 Engine Compressor 
Surge Control Program 

J52 Engine Analyzer 

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 

N62269-68-C-0420 

U.S. Army Contracts 

DAAJ01-68-C-1824(31) 

Description 

Field evaluation of 10 
CWEA-3 Sonic Analyzers 

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 

various rotating component« of tba aodcl CH- 
ned from the Department of the Army;1 from th 

Mechanical Data and AnalyaU 

The mechanical data for the 
47A/B helicopter were obtained from the Department of the Army;* from the 
blueprint files at the U.S. Army Aviation Materiel Laboratories, Port 
Eustls, Virginia; and from various bearing manufacturers. The type of data 
required for a mathematical analysis of the rotating components included 
Che following: 

1. Operating apeeds of engines and helicopter transmissions. 

2. Gear train configurations and number of teeth on gears. 

3. Accessories, their location, and, their internal assemblies. 

4. Bearing types, dimensions, and number of rolling elements. 

5. Helicopter engine instsllations and transmission locations. 

Utilising ths mechanical data as obtained above, the predicted frequencies 
of the vsrious rotating components of the CH-47A/B helicopter transmissions 
and the T55-L-5,-7 engines were calculated aa shown in Appendix I. These 
predicted frequencies srs tabulated in Tables I through XXXIV, and an SK- 
planation of the tablns im glveu In Appendix II. 

The gear and bearing arrangement for the T55 engines and ths CH-47 heli- 
copter transmissions Is shown In Figures 1 through 5. 

Acoustic Dsts snd Analyaia 

Mlcrophons Locstlon Survey 

Microphone surveys of models CH-47A and CH-47B helicopters «ere con- 
ducted (1) to determine the minimum number of microphones required for 
complete signal coverage of the CH-47A/B helicopter dynamic system, 
snd (2) to determine the component signsls to be utilised for rpm 
trscking. 

Ten helicopters were surveyed utilising a magnetic tape recorder and 
4 condenser-type microphones to record the date. A portable narrow- 
band panoramic frequency analyser was used for snslysis of ths re- 
corded dsts. A list of the helicopters surveyed is shown in Tabls 
XXXV. During the «urvsys, the microphones were located st various 
positions sdjscsnt to the engines, the 90-degree gearbox, the forward 
and aft rotor transmissions, snd ths combining transmission. Signale 

1  TechnicalHanual No. 55-1520-209-20?, deted March 1967. 

3 

. 



were conpared at both ground idle and flight Idle power conditions, 
•ind orientation of the microphones was changed according to concentra- 
tion of rotating coaponents within each power train. Based on the 
analysia of these data, the optinm locations of the microphones in 
the CH-47A/B helicopter were determined to be as follows: 

Microphone No.      Figure No. Microphone Location 

1 6 No. 1 engine - opposite ac- 
cessory gearbox (aimed through 
lower aft corner of cowling 
grille). 

2 7 No. 2 engine - opposite ac- 
cessory gearbox (aimed through 
lower aft corner of cowling 
grille). 

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

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

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). 

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

Although these 8 microphone positions represented a compromise to sim- 
plify installation of the microphones In limited access areas, exam- 
ination of the gear train signals using wave-form analyzer equipment 
indicated 90 percent coverage of the major rotating components. In 
■any cases there was some overlapping of prominent signals between 
adjacent microphones. 

As a result of this survey, a requirement for an 8-positlon micro- 
phone switching unit was indicated to facilitate rapid connection 
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to the 3-channel CWCD-1000/1010 Sonic Analyser.    A further requlreewnt 
Indicated the need for special mounting hardware and brackecry to at- 
tach microphone holders to the airframc in each location. 

In comparing the sound spectra at various engine speeds,  it was fowod 
that signal quality was improved by mechanlcsl loading at higher 
The flight idle condition was selected for analysis of the CII-47A/ 
helicopter as defined below: 

Helicopter Component 

Engine Nj  gas producer 
rotor 

Speed (RPW) 

14040 

Tacho—tar Setting 

75X 

Engine N- power turbine 
rotor 

15166 230 
(rotary-wing) 

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

Further data analysis indicated that the following component signals 
are suitable for acoustic locking based on consistent signal charac- 
teristics at the established microphone 1    at lor.. . 

Spool 
Lock 

N, 

Component 

No.   1 or No.  2 engine 
accessory transmission 
main spur train 

Microphone 
No. 

1 or 2 

Frequency 
9 Flight Id:« 

2047 Ht 

Forward or aft rotor 
transmission input 
spiral bevel train 

3 or 7 3U5 Hz 

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

RPM Tracking Tests 

A single plug-in phase-lock module design was proposed, baaed on the 
speed settings selected above, and utilising the following tracking 
frequencies: 

RPM Dependent 
Components 

Hl 

N„ 

Locking 
Frequency 

2047 Hz 

3415 Hs 

Multiplier 

x4 

x3 

Tracking 
Frequency 

818ft Hs 

10245 Hs 



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 75 % 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 +22 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 N. lock. 

Spectral Familiarization 

A spectral analysis was made of the microphone survey recordings (see 
Table XXV) to confirm the presence of the 2 signals proposed for the 
N^ and N2 locking frequencies and also to determine the identity and 
characteristics 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. 

N. 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 relatively 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 
componert as an excellent N. locking signal. 

N, Locking Signal 

A spectrogram, 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 



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 
transmissic spectrograms, a variation In background noise was 
noted between different aircraft with consistent signal/noise am- 
plitudes far identical signals.  In addition, signal changes 
caused by the effects of mechanical loading affected amplitude 
levels, wh.ch are standardized for N^ speeds at 75Z, 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 75Z N. and 230 N- 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 degree 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 
were present when torques matched between Nos. 1 and 2 engines. 
At 75Z 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 vslue. 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. 



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 is 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 N2 sec- 
tions of the engine as well as with the forward and aft rotor trans- 
missions and the combining transmission. Diese 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. Sidebind or harmonic ratio, or ratio between sideband or 
harmonic amplitude relative to ambient noise, and carrier 
sign«! 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, 1st and 2nd stage 
planetary gear trains (refer to items 4-10, 21-27, and 
40-42, Table XXXIII). 

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

-.T 



2. Program No. 2021 - Forward Rotor Transmission 

a. Amplitude limits - input spiral bevel, 1st 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, 1st and 2nd stage planetary 
gear trains (refer to items 11-20, 28-38,and 43-50, Table 
XXXIV). 

3. 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). 

4. 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). 

5. Program No. 2051 - Aft and Forward Rotor Transmissions 

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

6. Program No. 2061 - Combining Transmission 

Amplitude limits - major power train bearings (refer to 
items 5-46, Table XXXVIII). 

7. Program No. 2071 - No. I 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). 

8. Program No. 2081 - Aft Rotor Transmission Accessory Transmission 
Components 

a. Amplitude limits - all gear trains (refer to items 4-10, 
Table XL). 
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b.    Amplitude limits - major gear trains and bearings (refer 
to items 11-70, Table XL). 

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 Figure 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 «mplitude 
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  (fundsmental, 
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 
is 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 sumnarized below. 

Program No. of Refer to 
No. Description 

Aft Rotor Transmission - 

Components 

51 

Table No. 

2011 XXXIII 
gear trains 

2021 Forward Rotor Trans- 
mission - gear trains 

51 XXXIV 

2031 Combining Transmission - 
gear trains 

23 XXXV 

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

2051 Forward and Aft Rotor 
Transmissions - bearings 

120 XXXVII 

2061 Combining Transmission 
bearings 

52 XXXVIII 

2071 No. 1 and No. 2 Engine 
Components 

96 XXXIX 

2081 Aft Rotor Accessory 
Transmission - gear 
trains and bearings 

71 XL 

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 
signal.  This requires the following gain settings according to the 
frequency region of interest. 
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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 0,4444 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 

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. 

PLUG-IN MODULE DESIGN 

The operation of the phase locked loop is as described in the Instruction 
manual.2 A block diagram for the phase locked filter is presented In 
Figure 21. The tracking capability of the loop is based on capturing the 
signal of a component on the aircraft and then using this signal to mon- 
itor the variation of the engine speed (within + 3% of idle) while re- 
maining synchronous with the aircraft. The signals used to lock onto the 
CH-47A/B helicopter are 2047 and 3415 Hz for the V^  and N» spools, respec- 
tively, as discussed previously. However, to meet the operating range 
requirements of the CWCD-1000 analyzer, these N. and N- locking frequencies 
were converted into analyzer tracking frequencies as follows: 

Engine Locking Tracking 
Spool Frequency Multiplier Frequency 

N1 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 speciixcations, an acoustic plug-in module was designed 
and fabricated for the CWCD-1000 Sonic Analyzer to provide CH-47A/B hell- 
copter capability. 

Operation and Maintenance Manual, CWCD-1000/1010 Sonic Analyzer, 
August 1968. 
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DESCRIPTION OF CWCD-1000 SONIC ANALYZER, CWCD-1010 AUTOMATION UNIT, AND 
CWCD-1020 MICROPHONE AUXILIARY SWITCH BOX  

CWCD-IOOO 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 manual. The CWCD-1000 analyzer 
is basically the same as the CWEA-A analyzer delivered to the Army under 
USAAVLABS Contract DA 44-i77-AHC-A46(T). However, many of the design 
changes for the CWEA-4 analyzer, recommended in USAAVLABS Technical Report 
68-28, have been incorporated 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 shovn in Figure 22. 

CWCD-1010 Automation Unit 

The theory of operation for the CWCD-1010 automation unit, including a 
typical punched cape 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 la 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: 

I. 

2. 

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

General arrange 
sections. 

snt configuration of the various helicopter 

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 Analyser 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 wss (1) to evaluate 
the performance of the analyser under operational conditions on 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 estab- 
lish gein levels for the engines, engine transmissions, and the helicopter 
power train transmissions; and (3) to fmniliariae USAAVLABS personnel with 
the microphone arrangement and analysis procedures. 

In the course of this program, a series of 12 CH-47A/B helicopters were 
run at Fort Rucker, Alabama. Experience wes 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/ 
switching unit connection. Under normal conditions, setup time required 
10 to 15 minutes, end e full complement of data could be recorded within 
a 20-to 25-minute run-up period, allowing about 50Z of this time for a 
brief, live analysis of a particular component group using s single pro- 
gram tape. Approximately one hour is required for a coeplete helicopter 
analysis using punched tapes in the automatic or semiautomatic modes. 

During this field evaluation, analyser operation was satisfactory, and it 
was possible to maintain helicopter speed settings well within the enelyzer 
tracking range of + 31. Capture range of + 2-1/2X wes found to be ample 
and within the tachometer accuracy tolerances. Since combining transmis- 
sion gain limits are valid only at equal engine torques, the Ni rpm meter 
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 sumnary of the aircraft analyzed during the field program, including 
aircraft, engine, and transmission identification, is presented in Table 
XLI. 

LABOBATORY 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 Che following program logs: 

Progr—i No. 

2011 

Helicopter Component 

Aft Rotor Transmission 

Reference Table 

XXXIII 

2021 

2031 

2041 

Focward Rotor Transmission 

Combining Transmission 

No. 1 and No. 2 Engine 
Transmission 

XXXIV 

XXXV 

XXXXVI 

2051 Aft and Forward Rotor 
Transmissions 

XXXVII 

2061 Combining Transmission XXXVIII 

2071 No. 1 and No. 
Components 

2 Engine XXXIX 

2081 Aft Rotor Transmission 
Accessory Transmission 
Components 

XL 

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 Port Bustis 
during the at-, re period, some nlnor changes in the prograa logs (Nos. 2011, 
2021. 2031. 2041. 2051. 2061. 2071. and 2081) were indicated. These cor.ac- 
tions are shown in Tables XLV through LII. These changes were incorporered 
in the punched tepee. New program numbers were assigned to these tapes as 
follows: 

Experimental Tapes 

Program No. 

2011 

2021 

2031 

2041 

2051 

2061 

2071 

2081 

Table No. 

XXXIII 

XXXIV 

XXXV 

XXXVI 

XXXVII 

XXXVIII 

XXXIX 

XL 

Current Tepee 

Program No. Table No. 

2012 ZLII 

2022 XLIII 

2032 XLIV 

2042 XLV 

2052 XLVI 

2062 XLV 11 

2072 XLVIII 

2082 XLIX 
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CONCLUSIONS 

The Curtlss model CWCD-1000 Sonic Analyzer with Che 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 CH-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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Starter Drive 

 110-25 
110-24 39T 

(2) 
-110-11 

15T 

110-17 
110-34 39T 
13T 

/  ^110-32 

.112-50 

• 112-53 

Code:  (118-20) Reference Program Index 
Tables VI - XI 

Figure 1. Gear and Bearing Arrangement - Engine Accessory and Drives 
T55-L-5,-7. 
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■ 

Rotor 

2nd 
Stage 

Ist 
Stage 

149-160 

149-139 
Bearing,  Ball 

149-141 
Gear, Sun     g[ 

149-153 
6 Ba. 

Bearing, Roller 
and Planet Gear 

149-132 
Gear, Ring 

149-186 
Gear, Sun 

149-182 
(51T) 

149-181 
(56T) 

149-192 
(50T) 

149-190 

Bearing, Roller 
and Planet Gear 

149-146 
4 Ba. 

FWd Synch 
Shaft 

149-85 

149-178       149.93 

Code:     (149-160) Re'    .nee Program Index Table. XXVII - 

Figure 3.    Gear and Bearing Arrangement - CH-47A/B Forward Rotor 
Transmission. 
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Rotor 
150-210 

150-238 
Bearing, Ball 

Fan Drive 
Shaft 

150-125 

150-174 

150-247 
6 Ea. 

Bearing and 
Planet Gear 

150-258 
Gear, Ring 

150-254 
Bearing and 
Planet Gear 

To Accessory Drive 
Gear A (150-65) 

150-165 150-287 

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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View Looking Toward Accessories 

Program 
Item     Index Description 

A      150-65 Gear, Spur, Accessory Drive, Aft - 30 Teeth 
150-67 Bearing, Ball, Annular - 2 Each 

B      150-75 Gear, Spur, Idler, Accessory Drive, Aft - 36 Teeth 
150-77 Bearing, Ball, Annular - 2 Each 

C      150-75 Gear, Spur, Idler, Accessory Drive, Aft - 36 Teeth 
150-77 Bearing, Ball, Annular - 2 Each 

D      150-68 Gear, Spur, Hydraulic Motor - 31 Teeth 
150-70 Bearing, Ball, Annular - 2 Each 

E      150-60 Gear, Spur, Lubricating Oil Pump Drive - 53 Teeth 
150-61 Bearing, Ball, Annular - 2 Each 

F      150-57 Gear, Spur, Hydraulic Pump No. 2 Drive - 62 Teeth 
150-58 Bearing, Ball, Annular - 2 Each 

G     150-57 Gear, Spur, Hydraulic Pump No. 1 Drive - 62 Teeth 
150-53 Bearing, Ball, Annular - 2 Each 

H      150-72 Gear, Spur, Pinion, Alternator No. 1 Drive - 29 Teeth 
150-73 Bearing, Ball, Annular - 2 Each 

I      150-72 Gear, Spur, Pinion, Alternator No. 2 Drive - 29 Teeth 
150-73 Bearing, Ball, Annular - 2 Each 

J      150-54 Gear, Spur, Axial Piston Pump Drive - 53 Teeth 
150-55 Bearing, Ball, Annular - 2 Each 

Code:  (150-65) Reference Program Index Tables XXIII and XXIV 

Figure 5.  Gear and Bearing Arrangement - Accessory Drive Gearbox 
CH-47A/B Helicopter Aft Rotor Transmission Assembly. 
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I 

Figure 8. Location of Microphones Nos. 3 and 4, Aft Rotor Transmission, 
Ch-47A/B Helicopter. 
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Figure 19. Limits - Sideband Frequencies - Input/Output Shaft CH-47A/B 

Helicopter Combining Transmission 
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2-14 
Malfunction Code: Q . 190 lb< in x 1000 = ^ Teng/2 &  230 Rotor RPl 

[~] = 200 lb. in x 1000 = { Teng/2 Q  230 Rotor RPh 

A = 220 lb. in x 1000 - i  Teng/2 (? 230 Rotor RPy 

(~) = 225 lb. in x 1000 = i  Teng/2 Q  230 Rotor RPK 

Final Fundamental (£) Amplitude 
Normalization ■ 10 db Base 

Fundamental (f) Amplitude 
Normalization = 17 db Base 
(Preliminary) 

 Final Limits (db) 
y   (Input-Output) 

Preliminary 
Limits  (db) 
(Input-Output) 

»e @ Normalization Frequency (0.4444) 
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Figure 20. Limits - Fundamental Gear Frequency CH-47A/B Combining 
Transmission. 
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Figure 24. CWCD-1020 Microphone Auxiliary Switch Box. 
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TABLE XXIX. INDEXED SUMMARY OF SONIC FREQUENCIES -
CH-47A/B HELICOPTERS 

Ratio To 
Reference Engine Rotor Frequency 

Table Title - Components Speed /Hzl 

I T55-L-3, -7 GAS PRODUCER (Nl) 
SECTION, COMPRESSOR ROTOR 

(Nl) 

BLADE PASSAGE 
Cl 28.0000 Ni 6552 
c2 36.0000 Ni 8424 
c3 40.0000 Ni 9360 
C4-5 48.0000 Ni 11232 
C6-7 50.0000 Nl 11700 
cc 34.0000 Ni 7956 

II T55-L-3, -7 GAS PRODUCER (Nl) 
SECTION, TURBINE ROTOR 

(Nl) 

BLADE PASSAGE 
T l 84.0000 Ni 19656 

m T55-L-5, -7 POWER TURBINE (N2) 
SECTION, ROTOR BLADE 

(N2) 

PASSAGE 
To 66.0000 N2 16682 
T 3 56.0000 N2 14155 

VI T53-L-3, -7 ACCESSORY (Nl) 
DRIVE TRAINS GEAR TOOTH 

(Nl) 

CONTACT 
Inner Bevel Main Drive 39.0000 Ni 9126 
Outer Accessory Drive Bevel 14.0000 Ni 3276 
Accessory Xmsn Main Train 

14.0000 Ni 

(Nl Locking Signal) 8.7500 Ni 2047 
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TABLE XXIX - Continued 

Ratio To 
Reference Engine Rotor Frequency 

Table Title - Components Speed (Hz) 

IX T55-L-5, -7 ACCESSORY (N2) 
1 
t 

i 
DRIVE AND XMSN TRAINS, 1 

GEAR TOOTH CONTACT ! 
Torquemeter Actuating Drive 42.0151 N2 10620 
Overspeed Drive Bevel, Inner 16.1532 N2 4083 
Overspeed Control Bevel, Outer 9. 6927 N2 2450 
Overspeed Control Drive 

Idler Train and Cluster 9.6927 N2 2450 
N2 Tachometer Drive Bevel ! 

(not used) 5.4794 N2 1385 ( 

XIV ENGINE XMSNS (NO. 1, NO. 2), <N2) 
GEAR TRAIN, TOOTH CONTACT 

Spiral Bevel Train 33.9997 N2 8594 

XVI COMBINING TRANSMISSION (N2) 1 
GEAR TRAINS, TOOTH CONTACT i 

Spiral Bevel, Main Power 26.0873 N2 6594 
Lube Oil Pump Drive 14.9070 N2 3768 
Lube Oil Pump Drive 13.9734 N2 3532 

XXI AFT ROTOR TRANSMISSION (N2) 
GEAR TRAIN TOOTH CONTACT | 

Input Bevel Drive (N2 Locking 
Signal) 13.5105 N2 3415 

1st Stage Planetary (fj) 5.8671 N2 1483 
2nd Stage Planetary (fjj) 1.6062 N2 406 

xxm AFT ROTOR TRANSMISSION (N2) 
1 
| 

ACCESSORY DRIVE AND XMSN 
GEAR TRAIN TOOTH CONTACT 

Oil Cooling Fan Bevel 16.7704 N2 4239 
Accessory Drive Bevel, Aft 19.6031 N2 4955 
Accessory Drive Main Train 16.3352 N2 4129 

114 



TABLE XXIX - Continued 

Reference 
Table Tit le - Components 

Ratio To 
Engine Rotor 

Speed 
Frequency 

(Hz) 

XXVII FORWARD ROTOR XMSN GEAR 
TRAIN TOOTH CONTACT 

Input Bevel Drive (N2 Locking 
Signal) 

1st Stage Planetary (fj) 
2nd Stage Planetary (fjj) 

(N2) 

13.5105 N2 

5.8671 N2 
1.6062 N2 

3415 
1483 
406 

XXIX FORWARD ROTOR XMSN 
ACCESSORY DRIVE GEAR TRAIN 
TOOTH CONTACT 

Lube Oil Pump Drive 
N2 Tachometer Drive 

(N2) 

14.8358 N2 3750 
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TABLE XXX. FUNDAMENTAL ROTATIONAL SHAFT SPEEDS 
CH-47A/B HELICOPTERS 

Ratio To 
Table Engine Rotor Speed 

Reference Shaft Identification Speed (RPS) 

I T55-L-5, -7 COMPRESSOR ROTOR 1.00000 Ni 234.00 

II T55-L-3, -7 POWER TURBINE 
ROTOR 1.00000 N2 252.77 

VI T55-L-5, -7 ENGINES 
Nl ACCESSORY DRIVE AND XMSN 

N j Gas Producer Bevel Pinion 1.00000 Nl 234.00 
Inner Bevel, Idler 0.72222 Ni 169.00 
Radial Bevel Accessory Drive 1.00000 Ni 234.00 
Radial Bevel Star ter Drive 1.00000 Ni 234.00 
Outer Accessory Drive Bevel 0.58333 Ni 136.50 
Power Control Drive 0.22435 Ni 52.50 
Oil Pump Drive 0.22435 Ni 52.50 
Fuel F i l t e r Drive 0.22435 Nl 52.50 

IX T55-L-5, -7 ENGINES 
N2 ACCESSORY DRIVE AND XMSN 

Torquemeter Actuating Sleeve 1.00000 N2 252.77 
Overspeed Drive Sliaft, Inner 1.07690 N2 272.21 
Over speed Drive Shaft, Radial 0.64615 N2 1 .3 .33 
Overspeed Control Drive Shaft, 0.48461 N2 122.50 

Outer Bevel 
Overspeed Control Drive Idler 0.34615 N2 87.50 
Overspeed Control Drive Idler 0.37278 N2 94.23 

Cluster 
Overspeed Control Output Bevel 0.42140 N2 106.52 

Drive 
N2 Tachometer Drive Shaft 0.27391 N2 69.24 

XIV ENGINE XMSNS, NOS. 1 & 2 
Input Bevel Pinion 1.00000 N2 252.77 
Output Bevel Driven 0.79061 N2 199.84 
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TABLE XXX - Continued 

Table 
Reference Shaft Identification 

Ratio To 
Engine Rotor 

Speed 
Speed 
OIPS) 

x x n i AFT ROTOR XMSN, ACCESSORY 
DRIVE AND ACCESSORY XMSN 

Accessory Drive Quill 
Accessory Drive Idler , (2) each 
Flight Control Hydraulic Pump 

Drive, (2) each 
Hydraulic Motor Drive 
Alternator Drive 
Axial Piston Pump Drive 
Lube Oil Pump Drive 

XXVII FORWARD ROTOR XMSN 

0.54453 N 2 

0.45378 N2 

0.26348 N2 
0.52697 N2 
0.56269 N2 
0.30823 N 2 

137.64 
114.70 

66.60 
133.20 
142.23 
77.91 

Input Bevel Pinion (Aft 
Synchronizing Shaft) 0.46588 N2 117.76 

Bevel Ring & 1st Stage Sun Gear 
N2 

(High Speed) 0.26491 N2 66.96 
1st Stage Sun (relative to 1st 

N2 

Stage Car r i e r ) 0.20596 N2 52.97 
1st Stage Sun (relative to 2nd 

N2 

Stage Car r i e r ) 0.24976 N2 63.13 
1st Stage Planets (relative to 

N2 

1st Stage Car r i e r ) 0.15046 N2 38.03 
1st Stage C a r r i e r & 2nd Stage Sun 0.05535 N2 13.99 
2nd Stage Sun (relative to 

N2 

Stationary Ring Gear) 0.05535 N2 13.99 
2nd Stage Sun (relative to 2nd 

N2 

Stage Car r i e r ) 0.04020 N2 10.16 
2nd Stage Sun (relative to 1 st 

N2 
. 

Stage Car r i e r ) (Common) 0.00 
2nd Stage Planets (relative to 

2nd Stage Car r i e r ) 0.04870 N2 12.31 
2nd Stage C a r r i e r (Output & Aft 

N2 

Rotary-Wing Drive Shaft) 0.01515 N2 3.8C> 
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TABLE XXX - Continued 

Ratio To 
Table Engine Rotor Speed 

Reference Shaft Identification Speed (RPS> 

XVI ENGINE COMBINING XMSN 
Input Bevel Drive 0.79061 N2 199.84 
Output, Forward and Bevel 0.46588 N2 117.76 
Mixture Idler Shuft 0.29814 N2 75.36 
L . O . Pump Drive Shaft 0.33125 N2 83.73 

XIX,XX FORWARD AND AFT 
SYNCHRONIZING SHAFTS 

Forward Synchronizing Shaft 0.46588 N2 117.76 
Aft Synchronizing Shaft 0.46588 N2 117.76 

XXI AFT ROTOR XMSN 
Input Bevel Pinion (Aft 

Synchronizing Shaft) 0.46588 N2 117.76 
Oil Cooling Blower Bevel 0. 32251 N2 81.52 
Accessory Drive Quill 0.54453 N2 137.64 
Bevel Ring & 1st Stage Sun Gear 

(High Speed) 0.26491 N2 66.96 
1st Stage Sun (relative to 1st 

Stage Ca r r i e r ) 0.20596 N2 52.97 
1st Stage Sun (relative to 2nd 

Stage Car r i e r ) 0.24976 N2 63.13 
1st Stage Planets (relative to 

1st Stage Car r i e r ) 0.15046 N2 38.03 
1st Stage C a r r i e r & 2nd Stage Sun 0.05535 N2 13.99 
2nd Stage Sun (relative to 

Stationary Ring Gear) 0.05535 N2 13.99 
2nd Stage Sun (relative to 2nd 

Stage Car r ie r ) 0.04020 N2 10.16 
2nd Stage Sun (relative to 1st 

Stage Car r i e r ) (Common) 0.00 
2nd Stage Planets (relative to 

2nd Stage Car r i e r ) 0.04870 N2 12.31 
2nd Stage C a r r i e r (Output & Aft 

Rotary-Wing Drive Shaft) 0.01515 N2 3.83 
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TABLE XXX - Continued 

Table 
Reference Shaft Identification 

Ratio To 
Engine Rotor 

Speed 
Speed 
(RPS) 

XXIX FORWARD ROTOR XMSN 
ACCESSORY DRIVE 

N2 Tachometer Drive Shaft 

XXVI FORWARD AND AFT ROTARY 
WING DRIVE SHAFTS 

Forward Rotary Wing Drive Shaft 
Aft Rotary Wing Drive Shaft 

0.01515 N2 
0.01515 N2 

3 .83 
3 .83 
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TABLE XXXI. SUMMARY - CH-47A COMPOUND PLANETARY SPEEDS* 
(Forward & Aft Rotor Transmiss ions a r e Identical in Gear Ratios) 

Gear Data 1st Stage 2nd Stage 

Tg = No. of Teeth - Sun Gear 28 40 

T p = No. of Teeth - Planet 39 33 

TR = No. of Teeth - Ring Gear 106 106 

Wg = Angular Speed of Sun Relative to Ring Gear (Input) 66.96 RPS 13. 99 RPS 

W'g = Angular Speed of Sun Relative to C a r r i e r 

- (ws - wG) 52.97 RPS 10.16 RPS 

Wp = Angular Speed of Planet Relative to C a r r i e r 38. 03 RPS 12.31 RPS 

WR = Angular Speed of Ring Gear 0 0 

W c = Angular Speed of C a r r i e r Relative to Ring 

Gear (Output) 13. 99 RPS 3. 83 RPS 

W S / W C = Overall Speed Reduction 4.786 3.6499 

Planetary Tooth Contact Frequency 1.483 Hz 406.2 Hz 

(WpTp = W C T R = W ' S T S = (WS - WC) T S 

Tooth Contact Frequency of Spiial Bevel Input Drive Train 3415 Hz -

n = No. of Planet Gears /S tage 4 6 

* Based on 230 RPM Rotor Speed, N2 - Related 
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TABLE XXXIL MODEL CH-47A/B HELICOPTERS RECORDED DURING 
MICROPHONE SURVEY AT U, S. ARMY AVIATION 
CENTER. FORT RUCKER, ALABAMA 

Engine No. 1 Engine No. 2 
Recording No. Helicopter No. Serial No. Serial No. 

1-10 66-19115 - -
1-11 63-7911 - -
1-12 61-2123 - -
1-13 61-2123 - -
1-14 61-2123 - -
2-10 63-7911 LE-01158 LE-01164 
2-11 61-2415 LE-05769 LE-04440 
2-12 61-9003 LE-04110 LE-04234 
2-13 61-9139 LE-05564 LE-05576 
2-14 62-2114 LE-01042 LF-01108 
2-15 61-2408 LE-05743 LE-04839 
2-16 61-2423 LE-05740 LE-01092 
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T A B L E XLI . M O D E L C H - 4 7 A / B H E L I C O P T E R RECORDED DURINC 
EVALUATION PROGRAM A T U. S. ARMY AVIATION C 
F O R T RUCKER, ALABAMA \ 

H e l i - H e l i - Eng ine Engine No. 1 90° No. 2 90° F o r w a 
R e c o r d Da te c o p t e r c o p t e r No. 1 No. 2 G e a r b o x G e a r b o x XMS1 

No. R e c o r d e d Model No. S e r i a l No. S e r i a l No. S / N S /N S / N 

3 - 10 5 - 1 3 - 6 8 C H - 4 7 A 62-2114 L E - 05617 LE -05646 A - 11 -480 A - 11-613 A - 7 -3: 
3 - 11 5 - 1 5 - 6 8 C H - 4 7 B 61-19123 L E - 04885 LE -04364 A - 11 -1223 A - 11-791 A - 7 - l : 
3 - 12 5 - 2 0 - 6 8 C H - 4 7 B 61-19123 L E - 04885 LE -04364 A - 11 -1223 A - 11-791 A - 7 - i 
3 - 13--1 5 - 2 8 - 6 8 C H - 4 7 B 66 -19124 L E - 05721 LE -04713 A - 11 -1063 A - 11-496 A - 7 - 6 
3 - 13--2 5 - 2 8 - 6 8 C H - 4 7 B 66 -19124 L E - 05721 LE -04713 A - 11 -1063 A - 11-496 A - 7 - 6 
3 - 14 5 - 2 9 - 6 8 CH-47A 61-2422 L E - 04137 LE -05750 A - 11 -1120 A - 11-356 A - 7 - 4 
3 - 15--1 6 - 3 - 6 8 C H - 4 7 A 66 -19005 L E - 04755 LE -05530 A - 11 -203 A - 11-569 A - 7 - 2 
3 - 15--2 6 - 3 - 6 8 CH-47A 6 6 - 1 9 0 0 5 L E - 04755 LE -05530 A - 11 -203 A - 11-569 A - 7 - 2 
3 - 16 6 - 5 - 6 8 CH-47A 63-7912 L E - 04175 LE -05597 A - 11 -213 A - 11-808 A - 7 - 1 
3 - 17 6 - 7 - 6 8 C H - 4 7 A 62-2137 L E - 04889 LE -04162 A - 11 -533 A - 11-52 A - 7 - 6 
3 - 18 6 - 1 1 - 6 8 C H - 4 7 B 66-19119 L E - 05761 LE -04234 A - 11 -622 A - 11-289 A - 7 - 9 
3 - 19 6 - 1 7 - 6 8 C H - 4 7 B 66-19139 L E - 04688 LE -04261 A - 11 -1243 A - 11-511 A - 7 - 6 
3 - 20 7 - 9 - 6 8 C H - 4 7 A 61-2422 L E - 04765 LE -05750 A - 11 -1120 A - 11-356 A-7 - 4 
3 - 21 7 - 1 5 - 6 8 C H - 4 7 A 66-19003 L E - 05633 LE -04539 A - 11 -462 A - 11-48 A - 9 - 6 
3 - 22 7 - 1 7 - 6 8 C H - 4 7 B 66-19120 LE- 04103 LE -04962 A - 11 -141 A - 11-13 A - 7 - 7 
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I 

•ABLE XLI. MODEL CH-47A/B HELICOPTER RECORDED DURING THE FIELD 
EVALUATION PROGRAM AT U. S. ARMY AVIATION CENTER, 
FORT RUCKER, ALABAMA 

le l i - Engine Engine No. 1 90° No. 2 90° Forward Aft Comb. 
opter No. 1 No. 2 Gearbox Gearbox XMSN XMSN Box Mike 
No. Serial No. Serial No. S/N S/N S/N S/N S/N No. 

2114 LE-05617 LE-05646 A - l l - 4 8 0 A - l l - 6 1 3 A-7-324 A-9-418 A-8-157 8 
19123 LE-0^885 LE-04364 A - l l - 1 2 2 3 A - l l - 7 9 1 A-7-129 A-9-571 A-8-567 8 
•19123 LE-04885 LE-04364 A - l l - 1 2 2 3 A - l l - 7 9 1 A-7-129 A-9-571 A-8-567 8 
•19124 LE-05721 LE-04713 A- l l -1063 A - l l - 4 9 6 A-7-666 A-9-573 A-8-85 3 
•19124 LE-05721 LE-04713 A- l l -1063 A - l l - 4 9 6 A-7-666 A-9-573 A-8-85 3 
•2422 LE-04137 LE-05750 A - l l - 1 1 2 0 A - l l - 3 5 6 A-7-423 A-9-486 A-8-665 3 
•19005 LE-04755 LE-05530 A - l l - 2 0 3 A - l l - 5 6 9 A-7-25 A-9-217 A-8-191 3 
19005 LE-047 55 LE-05530 A - l l - 2 0 3 A - l l - 5 6 9 A-7-25 A-9-217 A-8-191 3 
7912 LE-04175 LE-05597 A - l l - 2 1 3 A - l l - 8 0 8 A-7-172 A-9-362 A-8-21 3 
2137 LE-04889 LE-04162 A - l l - 5 3 3 A - l l - 5 2 A-7-661 A-9-567 A-8-562 3 
19119 LE-05761 LE-04234 A - l l - 6 2 2 A - l l - 2 8 9 A-7-96 A-9-235 A-8-156 3 
19139 LE-04688 LE-04261 A - l l - 1 2 4 3 A - l l - 5 1 1 A-7-671 A-9-595 A-8-582 8 
2422 LE-04765 LE-05750 A - l l - 1 1 2 0 A - l l - 3 5 6 A-7-423 A-9-486 A-8-665 8 
19003 LE-05633 LE-04539 A - l l - 4 6 2 A - l l - 4 8 A-9-683 A-3-393 A-8-468 8 
19120 LE-04103 LE-04962 A - l l - 1 4 1 A - l l - 1 3 A-7-738 A-9-726 A-8-564 8 
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APPENDIX I 
SAMPLE CALCULATIONS 

The following sample calculations are based on data from model T55-L-5 
engine: 

1. Compressor 

Example: 1st s tage = 28 blades, N^ = 14040 RPM 

(a) Fundamental rotational frequency 

Speed of compressor rotor, N1 (RPM) 14040 „ ___ fR - go * 60 234.0 RPS 

(b) Compressor rotor blade passage frequency 

C^ = fR x no. of rotor blades = 234.0 x 28 = 6552 Hz 

2. Accessory Transmission Main Gear Train 

Example: Inner bevel main drive gear, 39 teeth (Ref 124-3, Figure 1); 
inner bevel main driven gear, 39 teeth (Ref 118-20, Figure 1) 
outer accessory drive bevel gear, 14 teeth (Ref 112-89, Fig-
ure 1); outer accessory driven bevel gear, 24 teeth (Rzf 
112-15, Figure 1); accessory transmission main drive gear, 
15 teeth (Ref 110-11, Figure 1); N^ ™ 234 RPS. 

(a) RPS of Accessory Transmission Main Drive Gear 

N x no. of teeth on drive gear 
1 no. of teeth on driven gear 

RPS = 234 136,5 ^ 

(b) Rotational Frequency of Accessory Transmission Main Drive Gear 

f = RPS x no. of gear teeth 

f = 136.5 x 15 = 2047 Hz 

3. Bearing Formulae 

Example: No. 2 Main Engine Bearing, N1 » 14040 RPM, 
dB = 0.6875", dt -= 3.188", d2 = 4.563" and m = 15 

(a) Fundamental rotational frequency 
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(b)    Frequency caused by irregularity on inner race 

<h.  
f 1 = fR   m di +do 

' 

= 234 x 15 x 4.563 2067 Hz 
3.188 + 4.563 

(c)    Frequency caused by Irregularity on outer race 

d. 
f 2 = f R ,n d^Td^ 

= 234 x 15 x 3.188 1444 Hz 3.188 + 4.563 

(d)    Frequency caused by spin of rolling element 

. 

CB "  "R- 
B di  + d. 

„.      4.563 234 x-=—TJTS? x 3.188 639 Hz 0.6875      3.188 + 4.563 

(e)    Frequency caused by rough spot on rolling element 

fg' - 2 fB - 2 x 639 - 1278 Hz 

(£) Frequency due to rotation of train of rolling elements 

4. Octal Ratios 

1444 
15 96 Hz 

Example:    Component frequency (1st stage compressor) - 6552 Hz 
Tracking frequency - 8188 Hz 

(a) Decimal ratio 

Decimal ratio g component frequency . 6552 m 
tracking frequency   8188 

(b) Octal Ratio 

Convert the decimal ratio to an octal ratio aa follows: 

(1)    The number to the left of the decimal ratio is the first 
number of the octal number. 
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(2) Multiply all digits to the right of the decimal point in the 
decimal ratio by 8. The number to the left of the decimal 
point in this product ir the first number to the right of 
the decimal point in the octal number. 

(3) Multiply all digits to the right of the decimal point in the 
product obtained in (2) by 8. The number to the left of the 
decimal point in this product is the second number to the 
right of the decimal point in the octal number. 

(4) Continue this process until the desired number of decimal 
places for the octal ratio is obtained. 

(5) Round off last decimal place using the number 4 as the mid-
point since these numbers are to base 8. 

Example: Decimal ratio = 0.800195 

Multiply 0.800195 x 8 = 6.401560 
0.401560 x 8 = 3.212480 
0.212480 x 8 = 1.699840 
0.699840 x 8 = 5.598720 
0.598720 x 8 = 4.789760 

Therefore, Octal Ratio = 0.6315 rounded off to 4 decimal 
places. 
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APPENDIX II 
EXPLANATION OF TABLES* 

Octal ratio settings, corresponding to rotating component frequencies at 
analysis speeds, are tabulated against component description for each 
mechanical section of the CH-47A/B helicopters power trains and T55-L-5.-7 
engines. 

For convenience in parts identification and reference, each listing con-
tains : 

Item No. - Numerical listing by mechanical grouping and subgrouping within 
the tables. 

Ref-Figure - Cross-reference of mechanical grouping to figure number where 
illustration or mechanical schematic may be found. 

Program Index - Cross-reference of individual component to related part in 
Department of the Army TM 55-1520-209-20P Organizational 
Maintenance Repair Parts and Special Tool Lists. This 
number is identical to the "Figure and Index Number" listed 
in the Army TM. 

Pare Number (Vendor) - Federal part number, as listed in TM 55-1520-209-
20P followed by vendor or manufacturer's part num-
ber, where applicable. 

Frequency - Frequency symbol and value. 

The source reference for parts identification is Department of the Army 
TM 55-1520-209-20P, dated March 1967. 

* Reference pages 44-115 
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