Best

Available

Copy



AD ¢39568

NATIONAL TECHNICAL
INFORMATION SERVICE
Springfield, Va 22151

November 1971

EUSTIS DIRECTORATE
U. §. ARMY AIR MOBILITY RESEARCH AND DEVELOPMENT LABORATORY
FORT EUSTIS, VIRGINIA

CONTRACT DAAJO2-71-C-0014

AD

USAAMRDL TECHNICAL REPORT 71-58

CH-47A, B AND C SERIES HELICOPTER

ROTOR BLADE FAILURE AND SCRAP RATE
DATA ANALYSIS

THE BOEING COMPANY, VERTOL DIVISION

PHILADELPHIA, PENNSYLVANIA

Approved for public release;
distribution unlimited.

BB €

REERRR

=

LWLITU L‘J

MAR 30 1972

——yn

B




DISCLAIMERS

The findings in this report arc 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 purposc other than in connection with a definitely related Govern-
ment procurement operation, the U.S. 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 otherwisc as in any manner licensing the holder or any
other person or corporation, or conveying any rights or permission, to
manufacture, use, or scll any patented invention that may in any way be
rclated thereto.

DISPOSITION INSTRUC TIONS

Destroy this report when no longer needed. Do not return it to the
originator.

[}
- R /

g yure SECHGN L:;
RFRTRET A | ]
RERTT | !

D e T TI0n AVATLABILITY cober
ATAML. oad W

_\




Unclassified
Secumx Classification

DOCUMENT CONTROL DATA-R&D

(Security classilication of title, body of t and ind. 4 must be when the report |s clasellied)
1. ORIGINATING ACTIVITY (Corporate author) 5 2 28. REPORT SECURITY CLASSIFICATION
The.Boelng Company, Vertol Division Unclagsitiad
Boeing Center

2b. GROUP
Philadelphia, Pennsylvania

w

HEPORT TITLE

CH-47A, B and C Series Helicopter Rotor Blade Failure and
Scrap Rate Data Analysis

4. DESCRIPYIVE NOTES (Type of report and Incluaive dates)

Final Report

8. AUTHOR(S) (Firat name, middle initial, last name)

R. L. Hunt

6. REPORTY DATE 74. TOTAL NO. OF PAGES 7b. NO. OF REFS

November 1971 116 8

88. CONTRACT OR GRANT NO

DAAJ02-71-C0014

B; RROJECT NO. USAAMRDL Technical Report 71-58
Task IF162205A11901

98. ORIGINATOR'S REPORT NUMBERI(S)

9b. OTHER REPORT NO(S) (Any other numbers that may be assigned
thie report)

d.

D210-10340-1

10. DISTRIBUTION STATEMENT

Approved for public release: distribution unlimited.

11. SUPPLEMENTARY NOTES 12. SPONSORING MILITARY ACTIVITY

Eustis Directorate

U. S. Army Air Mokility Research
and Development Laboratory,

= PR z
13. ABSTRACT Ot oot TS v rrgrirror

This report provides the results of an analysis of failure data derived
from depot inspection, overhaul/rework, and scrappage reports on 5,488
rotor blades of the CH-47 series tandem rotor helicopters. Two types
of rotor blades were analyzed for blade mean-time-between-removals,
mean-time-to-removals, mean-time-between-unscheduled-removals and
mean-time-between-scrappage. Locations on these blades for the major
discrepancies were determined. Blade teardown experience was determine
A cost comparison of blade acquisition costs versus the average cost

of repair/rework was provided.

_
DD oo 1473 teisictesansamun o e

Unclassjfi
Security Classification




Unclassificed

“Secwrity Tlassilication

? LiNn & Llﬁl [ ] Cinm €
ngyY WONDY
noLe ] wtv nord | e worLa | wv
\

Tandem helicopter ‘

Rotor blade

Failure Rate

Scrap Rate

Repair Data

Overhaul Data

MTBR

MTTR

MTBUR

MTBS

Unclassifi

Security Classitication




DEPARTMENT OF THE ARMY
U. 8. ARMY AIR MOBSILITY RESEARCH 4 DEVELOPMENT LABORATORY
CUSTIS D!IRECTORATE
FORT EUSTIS, VIRGINIA 23604

The Eustis Directorate of the U.S. Army Air Mobility Research and Devel-
opment Laboratory is conducting a series of design studies and hardware
evaluations leading to improved reliability and maintainability (R&M)
characteristics for future helicopter rotor blades. It is intended that
design requirements will be tailored to each aircraft type (utility,
attack, transport, etc.) with full consideration of operational environ-
ment impacts (combat damage, foreign object damage, etc.) included.

This contract was awarded to analyze the operational R&M history of CH-47A,
B, and C model helicopter rotor blades to establish design considerations
for transport type aircraft. The findings presented herein are considered
to be most accurate and directly usable in establishing expected rotor blade
external damage rates for the type of helicopter in question., Results of
this analysis will be used for evaluation of advanced rotor blade design
concepts currently being investigated under this Directorate's R&M research
and development program. This report is published as a parallel to the
USAAVLABS Technical Report 71-9, "UH-1 and AH-1 Helicopter Main Rotor Blade
Failure and Scrap Rate Data Analysis', which presented data for consider-
ation in the design of utility and attack helicopter rotor blades.

The technical monitor for this contract was Major Vincent G, Ripoll,
Reliability and Maintainability Division, Eustis Directorate.



Task 1F162205A11901
Contract DAAJ02-71-C-0014
USAAMRDL Technical Report 71-58

November 1971

CH-47A, B AND C SERIES HELICOPTER
ROTOR BLADE FAILURE AND SCRAP RATE
DATA ANALYSIS

Final Report

D210-10340-1

Prepared By
The Boeing Company, Vertol Division
Philadelphia, Penna.

for

EUSTIS DIRECTORATE
U.S. ARMY AIR MOBILITY RESEARCH AND DEVELOPMENT LABORATORY
FORT EUSTIS, VIRGINIA

Approved for public release;
distribution unlimited.




SUMMARY

This report has the purpose of providing the results of an
analysis of failure data derived from depot inspection,
overhaul/rework, and scrappage of 5,488 rotor blades of

the CH-47 series tandem rotor helicopters. These blades
were returned after RVN and CONUS operations over a time
period from July 1, 1962 through March 1, 1971, with an
accumulation of 2,521,734 actual blade operating hours with
an equivalent accumulation of 5,679,399 operating hours for
all blades in the helicopter fleet.

Analyses of unscheduled removals, repair, overhaul, and
scrap data were conducted on two different types of blades.
Compilation of total quantity of blades investigated has
been provided, as well as accumulated time on all blades
at removal.

Analyses to determine the blade design parameters as mean-
time-between-removals (MTBR), mean-time-to-removals (MTTR)
and mean-time-between-unscheduled-removals (MTBUR) have
been included. Results may be compared for changes in
these parameters in preceding from the early to the later
model. Changes in these parameters can be attributed to
incorporation of engineering changes, evolution of improved
manufacturing, shipping, handling and modified maintenance
practices.

Analyses to determine reasons for removals, repairs and
scrappage as a percentage of total blades removed and of
total blades scrapped have been compiled. Reported reasons
for removal are consistent with reasons for repair and for
scrappage. Blades subjected at the manufacturer's repair
facility to close detailed inspection, disassembly, or
repair for minor damage sometimes indicated serious defects
as extensive water migration, exterior spar corrosion and
similarly hidden damages. Additional reasons for scrappage
were, therefore, discovered. A very minor quantity of
blades may be scrapped due to in-transit depot handling
and processing damages. Analysis results for the mean-time-
between-scrappage (MTBS) for both CH-47A and B/C blades
have been included.

Conclusions of this analysis indicate that the later
CH-47B/C blades have been designed to decrease the amount
of inherent discrepancies. However, they are more suscep-
tible to externally caused discrepancies than the CH-47A
helicopter blades. It is recommended that field repair

and blade handling procedures be reviewed for modifications
in line with the results of this report.
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FOREWORD

This report provides an analysis of rotor blade failure and scrap rate
historical data as reported on the tandem rotor helicopters, CH-47A,
CH-47B and CH-47C. This analysis was conducted under Contract
DAAJ02-71-C-0014 ( Task 1F162205A11901) for the Eustis Directorate,
U. S. Army Air Mobility Research and Development Laboratory
(USAAMRDL), Fort Eustis, Virginia.

USAAMRDL technical direction was provided by Major Vincent G.
Ripoll.

The principal analyst for The Boeing Company, Vertol Division, was
Mr. R. L. Hunt, assisted by Mr. E. C. Daley and Mr. J. J. Chmura,
all of M&R Engineering. Program management and technical direction
were provided by Mr. H. J. Smith, Sr., Product Support Engineer,
Mr. R. E. Spears, Sr., Product Support Engineer, Mr. R. Hazlett,
Manager Product Assurance R&D, and Mr. P. W. Fiedler, Unit Chief
Reliability and Maintainability.
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INTRODUCTION

Helicopter rotor blade failure and scrap rate information

as reported during depot rework is an important source of
blade data. This data may be used analytically to determine
removal rates and mean removal values, to determine blade
scrappage rates and mean scrappage values and enable correla-
tion of these rates and values with the various reasons for
blade removal from the helicopter and for subsequent repair
or scrappage.

The above data was available, as The Boeing Company,

Vertol Division has been repairing and updating CH=-47
helicopter rotor blades under a U. S. Army contract since
the incorporation of this helicopter into the Army inventory
in 1962.

During the time from 1962 through 1970, the Vertol Division
has been the sole contractor for depot rework of CH-47
helicopter rotor blades. From all data generated from the
rework facility and from field activities, a data system was
developed to record utilization, discrepancies, failure modes,
configuration control, and reason for blade removal/scrappage.
This data has been maintained in a usable format to enable
blade analyses to be readily accomplished at any time.

This dat:a has been continually extracted, reviewed and veri-
fied by Boeing Company/Vertol Division personnel who possessed
specialized backgrounds in the fields of reliability, maintain-
ability, service engineering, design, military/aviation,

data analysis and military/civilian overhaul/repair

facilities. It is from the above data source that this

CH-47A, B and C series helicopter rotor blade failure data

and scrap rate data analysis has been compiled.



SCOPE

The objective of this effort was to conduct an analysis

of available CH-47A, B and C series helicopter rotor

blade failure and scrap rate data to determine unscheduled
and scheduled removal rates, to develop mean-time-between-
removal values, to determine blade scrappage rates, and to
correlate these rates and values with the various reasons
for removal and scrappage.

This data was derived entirely from depot level repair and
scrappage reports on two types of rotor blades used on three
different helicopter models as shown by Table I below.

TABLE I. ANALYZED ROTOR BLADES IDENTIFICATION
-
HELICOPTER APPLICABLE
APPLICABLE SERIAL ROTOR BLADES
HELICOPTER NUMBERS PART NUMBERS
CH-47A 59-4982 & P/N 114R1002
Subsequent
CH-47B 66-19098 & P/N 114R1502
Subsequent
CH-47C 67-18494 & P/N 114R1502
Subsequent

The CH-47A type of rotor blade with a steel spar, fiberglass
skins, and aluminum ribs is constructed as a symmetrical
airfoil. The CH-47B/C typc of rotor blade, with a steel spar,
fiberglass skins, honeycomb fillers and plastic end ribs is
constructed as a nonsymmetrical airfoil. Due to these major
design differences, the analytical effort, therefore, treated
these two typ2s of blades independently. A detailed discus-
sion of blade differences and how these were treated in the
analyses is given under analysis approach, page 3.



ANALYSIS APPROACH

This section describes the preliminary steps taken prior to
accomplishment of the analytical efforts concerned with blade
removals and blade scrappage.

The two types of blade configurations, i.e., CH-47A symmetri-
cal type and the CH-47B/C nonsymmetrical type, and their

different installation locations, i.e., forward and aft rotors,

have had a bearing upon the extent of data available for ex-
traction; therefore, these blade configurations and installa-
tions are described in detail herein.

The organization of the data into a form suitable for extrac-
tion of material useful for the analyses contained in this
report required the application of a specific data extraction
process which is discussed below.

Certain data limitations exist for the data reporting time
period investigated. One limitation concerns the fact that
all blade repairs, overhaul, and scrappage have been accom-
plished at the depot level. Thus data reporting on blade
repairs and scrappage occurred at this level for a total of
2,521,734 actual blade hours. During this same interval,

if field level (organizational through general support
maintenance levels) data had been available, a total of
5,679,399 blade operating hours could have been used as the
analysis data base. A second limitation is the possible loss
of data due to unusual incidents. A third limitation is the
possible dilution of the blade population by excessive
categorization. These limitations are discussed herein.

Identification of reasons for removal, repair, and scrappage
required a simplified tabulation of the standard military
coding to handle the guantity of data. This tabulation is
discussed below. Recognition of the inspection criterion
against which blades are remo ed or scrapped is discussed.

Calculation of blade means representative of blade operating
experience requires definition of these means and develop-
ment of appropriate equations. These steps are presented
herein.



DESCRIPTION OF CH-47 HELICOPTER ROTOR SYSTEMS

CH-47A Rotor Systems

The CH-47A helicopter rotor system consists of two rotor
installations: one at the forward end of the aircraft and

one at the aft end, as shown in Figure 1. These installations
are similar but not identical. Each installation includes
three interchangeable blade assemblies and a rotor head assem-
bly. The helicopter thus has a total of six blades. These
blades are not interchangeable between the two locations.
Blade rotation direction is counterclockwise for the forward
rotor and clockwise for the aft rotor (in a plan view).

CH-47B/C Rotor Systems

The CH-47B/C rotor system is similar to that of the CH-47A.
However, the blades used on these two types of aircraft are
different and are not interchangeable between aircraft.

DESCRIPTION OF CH-47 HELICOPTER ROTOR BLADES

CH-47A Rotor Blades

The CH-47A rotor blade assembly as shown in Figure 2 is a
symmetrical airfoil shape. It consists of a D-spar, an
attaching socket, a nose cap assembly, a trailing-edge strip,
twelve boxed fairings, tip balance provisions, and a faired
tip cover. This blade assembly is symmetrically constructed
about its horizontal centerlines without camber.

The blade D-spar is of steel tubing, circular at the root
where it is threaded to receive the attaching socket fitting,
for mounting to the rotor head assembly.

The blade leading edge is a formed stainless-steel nose cap
with a balance weight assembly bonded into it. The leading-
edge assembly is bonded to the forward edge of the D-spar.

Twelve boxed fairings, consisting of fiberglass skins bonded
to airfoil-shaped aluminum ribs, are bonded to the aft side
of the D-spar. The trailing edge is formed by bonding a
blade-long laminated stainless-steel strip into a special
slot in the aft edge of the boxed fairirgs. Movable balance
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and tracking weights are installed on stainless-steel fit-
tings riveted to the tip end of the D-spar. These weights
are used to make balance and tracking corrections at the
factory. A removable tip cover allows access to thesc weights.
A blade tie-down fitting is located at the blade tip cn the
bottom surface.

CH-47B/C Rotor Blades

The CH-47B/C rotor blade assembly as shown in Figure 3 is a
nonsymmetrical cambered airfoil. The blade assembly con-
sists of a D-spar, an attaching socket, a nose cap assembly,
nine boxed fairings, a trailing-edge strip, tip balance
provisions and a simplified tip cover. Construction of this
blade is similar to the CH-47A blades exccpt for the boxed
fairings and nose cap as shown in Figure 3.

DATA EXTRACTION PROCESS

A specific data extraction process was developed and applied
to locate, extract, and describe CH-47 rotor blade discre-
pancies investigated for this report. This was done by the
use of an alphanumeric coding system capabie of identifying
practically all important discrepancies occurring to any
part of the entire structure of a CH-47 rotor blade. This
alphanumeric system provided different codings for the
CH-47A and CH-47B/C blades to allow for blade design diff~ --
ences.
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BLADE REMOVALS ANALYSIS APPROACH

Data Limitations and Use

The data included in this report were compiled from the
existing Boeing-Vertol records which have been kept on rotor
blades removed elsewhere and shipped to Boeing-Vertol for
inspection, repair and scrappage.

The removal dates of interest to this blace removal study are
shown in Table IT. Note that the time period of interest
varies among the CH-47A, B and C model ha2licopters.

The helicopter f'ight time accumulated up to the removal dates
shown for the CH-47B and CH-47C models have been averaged to
provide a consistent basis for the CH-47B/C analysis, as these
have not been considered separately.

Loss of Data Due to Unusual Incidents

No data limitations were imposed due to blade damages in-
curred from unusual field experiences. It could have been
decided that blade removal data derived from blade over-
stress caused by in-air and massive nearby explosions,
severe blade flapping due to extreme windstorms, or close
nelicopter over-flights shoulc have been excluded. However,
it was felt that the exclusion of these unusual experiences
would provide a distorted view of the complete in-the-field
experience; therefore, this data was included.

Examples of two unusual incidents which occurred in RVN and
which subjected a large number of CH-47 helicopter blades
to severe damage beyond their design limits were:

l. Typhoon Frieda, in November 1967
2. The Camp Evans ammunition dump explosion,
in May 1968

Fifty CH-47 rotor blades were involved in the typhoon in-
cident. Of these fifty blades, nine forward and nine aft
blades were X-ray diffraction inspected at the depot and
were accepted with return to service. Twelve forward and
twelve aft blades were X-ray diffraction inspected at the
depot, with subsequent rejection for scrappage. The remain-
ing eight blades were severely damaged and were scrapped
without further inspection.
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The thirty-three CH-47A and sixty-one CH-47B rotor blades
that were involved in the Camp Evans explosion were shipped
to Boeing-Vertol for inspection and repair, as required.

Blade Population Sizing

During this study, 5,488 blades were reviewed for removal
experience. To keep the analysis results at a reasonable
level of confidence, this blade population has not been
diluted by a large number of categories. It did provide
for the separation of all data into forward and aft rotor
blade data.

It was felt that the different operational characteristics
between these twc locations may produce different effects
in the externally-caused or inherent discrepancies of these
blades. Since blade construction is the same for blades
used at both locations, then blade design is eliminated as
a possible factor of any differences that resulted from
this study.

k
I
I
I
I
i

——

Determination of Reasons for Removal

Reasons for blade removal, where blades are either repaired
or scrapped, have been organized into three major groups
based strictly on blade discrepancies. One group concerns
inherent blade failures and discrepancies, the second con-
cerns external causes of blade damage or failure, and the
third concerns scheduled reasons for blade removal.

The first group essentially includes those discrepancies
associated with inadequacy of blade design to withstand
actual environmental conditions encountered during field
operations. The second group concerns blade failure in-
duced by external influences as foreign object damage,
combat, and the like. 1Included in this group are those blade
discrepancies caused by errors due to inadequate shop or
field repairs, handling, shipping or maintenance. Also
included in this group, for the purpose of records only,

are those blades removed without adequate or valid removal
reasons. The latter group includes those blades received at
the depot and inspected with the result that no damages of
the kind reported were found.

11




This study will be concerned with the unscheduled removal
reasons as shown in Table III and the scheduled removal
reasons as shown in Table 1IV.

The Boeing-Vertol repair evaluation reports investigated
in the study followed the failure code given by TM-38-750,
Reference (1).

It should be noted that where blade damage cause was un-
known at the time of removal, this removal analysis included

a close review of all recorded discrepancies for these blades
to determine what discrepancy would have been the major reason
for blade removal for repair.

Appendix II shows the detail and depth to which this removal
analysis was conducted. In particular, Figures 29, 30 and 31,
as well as the accompanying discussion within this appendix,
are of interest.

12



F

TABLE TI1I.

ROTOR BLADE UNSCHLDULLD REASONS FOR

REMOVAL/SCRAPPAGE

TYPE OF REASON FOR REMOVAL/

DISCREPANCY

SCRAPPAGE

=—-==d

DESCRIPTORS

Caused

Inherent

Discrepancy

Deterioration

Missing

Bare Steel
Eroded

Rippled

Water Migration

Unbond

Bulged
Blisterea
Bond Void

Excessive Vibration

Beyond Tolerance
Vibration

Eroded

Eroded & Other
Worn

Corrosion

Corroded & Other
Peeling

Chipped

Stained

Seized

Water Migration
Pitted

Delamination

Voided

Grazed

Cracked
plit

Cracked

Creased

Grazed

Cracked & Other
Split

Fretted

Worn
Fretted

Imbalance

Tip Rod Loose
Imbalance

Caused

External

Discrepancy

Foreign Object Damage
(F.0.D.)

Dented
Broken
Torn
Punctured
Scored
Bent

Combat Damage

Broken

Scored

Dented

Punctured

Torn

Spar/Socket Damage

13



TABLE III - Continued

TYPE OF
DISCREPANCY

REASONS FOR REMOVAL/
SCRAPPAGE

DESCRIPTORS

.

Overstress

Overstress & Other
Bent

Collapse

Torn

Minor Damage

Crashes/Strikes

Bent
Collapse
Torn

Minor Damage

Error Caused

Manufacturing/Shipping
Maintenance/Repair Shop

Human Error

Discrepancy Error and/Inadequate
Field Repair
No Valid No Known or Valid No Known
Removal Reason for Removal Removal Cause
Unknown/Misc. Miscellaneous
TABLE IV. ROTOR BLADE SCHEDULED REASONS FOR
REMOVAL/SCRAPPAGL ;=+
TYPE OF REASON FOR REMOVAL/
DISCREPANCY SCRAPPAGE DESCRIPTORS
MWO Compliance MWO
Time No defect - Blade Sched. Maint.
Change Removed for Scheduled
Maintenance
Retired Blade Retired
EIR Engineering EIR
Evaluation
Other No Defect - Blade No Defect
Removed to Tacilitate
Maintenance of Other
Component(s)
Unknown/Misc. Miscellaneous
b————— e
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CH-47A, B and C Blade Inspection Requirements

The CH-47 helicopter blade inspection requirements are dis-
cussed below. These requirements are noted herein to establish
the criterion against which blades have been removed and
scrapped.

Field inspection for serviceable CH-47A blades follows the mini-
mum requirements noted in TM 55-1520-209-20-1, Reference (2),
and for serviceable CH-47 B/C blades follows the minimum
requirements noted in TM 55-1520-227-20-1, Reference (3). When
a blade does not satisfy these conditions, it must be repaired
or replaced, as applicable. For those blades sent back for
depot rework and repair at the manufacturer's facility, the
requirements of TM 55-1520-209-35-2 for the CH-47A blades,
Reference (4), and of TM 55-1520-227-35-3 for the CH-47B and
CH-47C blades, Reference (5), are followed. Partial or full
teardown of 20% to 30% of the blades sent to the depot will
occur. These teardowns will assure a complete determination

of the extent of blade damage or deterioration.

Blade Identification - Overhaul and Retirement Data

Blade identification by dash number, overhaul time (hours),
and blade retirement time (hours) for CH-47A rotor blades

are shown in Table V.

Blade identification by dash number, blade overhaul time,
and blade retirement time in blade hours for CH-47 B/C
rotor blades are shown in Table VI.

Data for Table V has been derived from TM 55-1520-209-20-1,
Reference (6), and data for Table II from TM 55-1520-227-20-1,
Reference (7).



TABLE V.

COMPONENT

== = = = ==&

CH-47A BLADE OVERHAUL AND
RETIREMENT HOURS DATA

PART NUMBER

INTERVAL (BLADE HRS.)

RETIREMENT

Forward Rotor Blades

Aft Rotor Blades

114R1002-27

114R1002-28
thru -78

114R1002-80
thru -92

3600

2400

2400

1 S e R

TABLE VI.

CH-47B/C BLADE OVERHAUL AND
RETIREMENT HOURS DATA

OVERHAUL INTERVAL
(BLADE HRS.) RETIREMENT
CH-47C CH-47C INTERVAL
COMPONENT | PART NUMBER | CH-47B |T55-L-7C | T55-L-11 |(BLADE HRS.)
Forward 114R1502-9 3600 3600 * ==
Rotor 114R1502-13 3600 3600 * =
Blades 114R1502-15 3640 3600 * -
114R1502-17 3600 3600 * --
114R1502-23 3600 3600 ' =
114R1502-25 o/C o/C o/C 6000
114R1502-27 3600 3600 o o
114R1502-29 3600 3600 * --
114R1502-31 3600 3600 * =
114R1502-33 o/C o/C o/C 6000
Aft 114R1502-10 1500 1500 i’ —
Rotor 114R1502-14 1500 1500 e -
Blades 114R1502-16 1500 1500 * el
114R1502-18 1500 1500 ¥ ==
114R1502-24 1500 1500 & ==
114R1502-26 o/C o/C o/cC 4000
114R1502-28 1500 1500 b --
114R1502-30 1500 1500 ! --
114R1502-32 1500 1500 L ==
114R1502-34 o/C o/C o/C 4000

*

- Not installed in helicopter noted

0/C - On condition removal, see References (2) and (6)

—
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Reasons for Removal Versus Frequency by Blade Removal

It is of primary interest to determine the quantity of blades

removed for various reasons. This determination will establish

a firm basis for the subsequent calculation of blade means.

This determination took two forms: one, a tabulation of the
discrepancies and quantities based upon the reasons for
removal, and second, a graphical display of the same informa-
tion for better understanding of the distributions found.

Calculation of Means

In this study, the calculation of certain means representa-
tive of blade operating experience includes the determina-
tion of mean-time-between-removals, mean-time-to-removals,
and mean-time-between-unscheduled removals. Since nearly
all of the same blade removal data is used to derive these
various means and their derivations are similar, the deriva-
tion of only two of these will be discussed in detail. It
should be noted here that blades removed for repair and
scrappage are both included.

(1) Calculation of MTBR values.

The mean-time-between-removals (MTIBR) for either
the forward or aft rotor blades was calculated as
three times the sum of all CH-47A or CH-47B/C
helicopter operating flight hours accumulated over
a selected time period divided by the total quantity
of forward or aft blades removed for all causes over
that time period of interest. Three times the sum
of all helicopter flight hours is required as the
CH-47 helicopter uses three-bladed rotors.

17



Thus, for the forward blades,

N
3 z t.
STl
MTBRF =
n
where N = Total quantity of helicopters involved
tj = Flight hours per helicopter
n = Total quantity of forward blades

removed

Calculation of the MTBR for the aft blades was
accomplished similarly.

(2) Calculation of MTTR values

The mean-time-to-removal (MTTR) was calculated
by obtaining each removed blade's operating time
(in hours) accumulated up to blade removal and
dividing by the quantity of forward or aft blades
concerned.

Thus, for the forward blades,

N
MTTRp = —2—
n
where n = Total quantity of forward rotor

blades removed for reason

o+
-
Il

Total time in blade flight hours
per blade at removal

Calculation of the MTTR for the aft blades was
accomplished similarly.

18



(3) Calculation of MTBUR values

The calculation of mean-time-to-unscheduled removal
(MTBUR) was accomplished similarly to the calcula-
tion for MTBR discussed above, except that blades
removed for scheduled reasons were excluded from
the sample of either forward or aft rotor blades.

(4) Calculation of Means Example

To explain the derivation used to obtain the values
shown in the subsequent means tabulations in this
report, the following example is provided.

Per Table XI, page 34, the mean-time-between-removals
of the forward rotor blade (MTBRF) for inherent dis-
crepancies was derived as:

MTBRy = 3 (341 X 1906 = 650,206.7) = 3,860 ur
682

where 3 is the quantity of rotor blades on tre
forward rotor, 341 is the quantity of helicorters
involved in the operational area and time period
being considered (refer to Table II, page 10),
1,906.7 is the average flight time in hours per
helicopter, 650,206 is the resultant helicopter
flight time accumulated, and 682 is the quantity of
forward blades removed for inherent discrepancies.

Determination of Discrepancy Locations Versus Types of
Discrepancies

This calculation was primarily concerned with the frequency

of discrepancies or damages accumulated for particular blade
samples and for various major areas and components of these
blades. Both upper and lower surfaces of these blades were
shown in the same chart. Forward and aft rotor blades were
considered on separate charts. The discrepancy locations for
blades that were scrapped for reasons found after removal have
been discussed in the scrappage analysis section.

Results of this analysis were tabulated for the various areas
as percentages of the total blade experience.

19




BLADE SCRAPPAGE ANALYSIS APPROACH

Data Limitation and Use

Data included in this portion of the report was derived from
the same sources as that used for the blade removal study.

Primarily, the scrappage analyses differ from the removal
analyses in that the reasons for scrappage are used as a
basis for calculation.

The time period of interest is shown by Table II, page 10.

Determination of Reasons for Scrappage

Reasons for blade scrappage, in general, have the same scope
as those for removal as listed in Tables I1I, page 13, and
1V, page 14.

Calculation of Means

Only one set of estimated scrapped blade means is provided,
since the scrapped blades are thoroughly investigated as a
part of the removal analysis. This one set of means provided
is that of mean-time-between-scrappage.

The calculation of the mean-time-between-scrappage (MTBS)
applies only to those blades removed and eventually scrapped,
whether the reason for scrappage was known beforehand or was
determined after further blade inspection and/or blade tear-
down.

The calculation was accomplished similar to that for the MTBR

as noted above, except that oniy scrapped blades were included
for forward and aft rotors.

20



ANALYSES

CH-47 BLADE REMOVALS ANALYSES

The analyses presented herein follow the approaches dis-
cussed in the preceding section of the report. These
analyses are grouped in chronological order of blade
development and deployment:

l. CH-47A Forward and Aft Blades
2. CH-47B/C Forward and Aft Blades
Each group provides the following analyses:
a. Major percentage of blade removals

b. Frequency of blade removal vs.
removal reasons

c. Mean-Time-Between-Removal
d. Mean-Time-To-Removal
e. Mean-Time-Between-Unscheduled-Removal

Comparisons of the results of these analyses for forward
and aft blades and the means are provided.

Table VII provides a review of the number of all blades that
have been investigated for removals, repairs and scrappage.
The actual accumulated flight time at removal of these blades
and the equivalent time on the aircraft is given for compari-
son.

Note that the number of scrapped blades reviewed are included
here for comparison.

21
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CH-47A Forward and Aft Blades Removal Analysis

The removal status of 4,475 blades was reviewed; 2,126 of
these were forward blades and 2,349 were aft blades.

Table VIII summarizes the removal status for the most fre-
quently occurring causes of removal for the forward blades.
Table IX summarizes similar information for the aft blades.

Figures 4, 5 and 6 illustrate the quantity of forward blades
removed for the reasons under study. Figures 7, 8 and 9
illustrate the quantity of aft blades removed for similar
reasons. Note that scrapped blade quantities are identified.
In these figures the reason for removal of a blade that is
scrapped is used, not the reason for scrappage unless they
coincige.

A summary of the percentages of CH-47A forward and aft blade
removals versus reasons for removal is presented in Table X,
page 32. For a comparison to percentages of CH-47BR/C
forward and aft blade removals, see Table XX on page 55,
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CH-47A Forward and Aft Blades Means Anaiyses

A series of evaluations of the CH-47A rotor blades for their
average removal characteristics based upon frequency of blade
removal was accomplished. These calculations of the various
removal means followed the approach outlined on pages 20

and 21. Results are given in blade hours.

Tables XI, XII, and XIII list the means determined for the
major discrepant reasons for removal of CH-47A forward rotor
blades.

Tables XIV, XV, and XVI list similar determinations accom-
plisiied for the CH-47A aft rotor blades.

Table XVII presents a summary of the results of these analyses
for both CH-47A forward and aft blades.
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Discrepancy Locations Versus Types of Discrepancies
P Y E

Data included herein has been based upon 'Reasons for
Removal' only.

This investigation simplified the amount of data handled by
confining the results to discrepancy locations versus

types of inherent discrepancies and to externally-caused
discrepancies only.

Figures 10 and 11 illustrate the results obtained for the

CH-47A forward blades. Figures 12 and 13 illustrate
similar results obtained for the CH-47A aft blades.
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CH-47B/C Forward and Aft Blades Removal Analysis

The removal status of 1,013 rotor blades was reviewed, 512
of which were forward bklades and 501 were aft blades.

Table XVIII summarizes the removal status for the most fre-
quently occurring causes of removal of the forward blades.
Table XIX summarizes similar information for the aft blades.

Figures 14, 15 and 16 illustrate the quantity of forward
blades removed for the reasons under study. Figures 17,

18, and 19 illustrate the guantity of aft blades removed for
similar reasons. Ncte that scrapped blade guantities are
identified. In these figures the reason ror removal of a
blade that is scrapped is used, not the reason for scrap-
page unless they coincide.

A summary of the percentages of CH-47B/C forward and aft
blade removals versus reasons for removal is presented in
Table XX, on page 55 for a comparison to the percentages
of CH-47A forward and aft blade removals, see Table X,
page 32.
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CH-47B/C Forward and Aft Blades Means Analysis

A series of evaluations of the CH-47B/C rotor blades for
their average removal characteristics as based upon frequency
of blade removal was accomplished. These calculations of

the various removal means followed the approach outlined

on pages 20 and 21. Results are given in blade hours.

Tables XXI, XXII and XXIII list the means determined for
the major discrepant reasons for removal of the CH-47B/C
forward rotor blades. Tables XXIV, XXV and XXVI list
similar determinations accomplished for the CH-47B/C

aft rotor blades.

Table XXVII presents a summary of the results of these analyses
for both CH-47B/C forward and aft blades. This summary may

be compared to the CH-47A blade summary shown by Table XVII,
on page 40.
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Discrepancy Locations Versus Types of Discrepancies

Data included herein has been based upon 'Reasons for Removal'
only.

This investigation simplified the amount of data handled by
confining the results to major discrepancy locations versus
types of inherent discrepancies and to externally-caused
discrepancies only.

Figures 20 and 21 demonstrate the results of analyses for
inherent and externally-caused discrepancies of the
forward blades.

Figures 22 and 23 demonstrate the results of analyses for

inherent and externally-caused discrepancies of the aft
blades.

60



1

*0/8Lb-HO - SIAYIA QUYMMOd - SNOIIVIOT ADNVAMOSIA INRMIHNI *0Z TMNOId

W6 | 86 11 2] TW'6 | %€ 6 —poyoeI)

L1 0] Y9 T80C Y4 ] L 30 7 UOTTeUTIeT S poe 3 1ns
«€°1 = JOTINAS “$0° €T = I0}IUL TV [T [ Y9 | %80 [ 590 UWSTSBYTST|  xod
+y°1 = IOTIIIX3 ‘$0°T7 = I101I33UI Y976 YA YA T 0 UoTs033]| Io9Mo1

. . . =5 L

M e $E°G | %0°6 TvoEz | sy | v papuoqun

1€ 81 | #0°GT RE°CE €81 20°GT UOT3BIOTI33D]

S o 0 d o] \nUCd&ﬂNUqu

M3IA WOLLOH 3avig

- il .
s fe——— -t o -t . e L
—— -~ sm—
nH i
| N - e W o b i |
%0 10 30 paxoed W6 | %€ 6 6°GC | 269 29 | payoe 1)
AT (¥4 31 uovraeutwered 2bpPu 7G0T | ce 0T | 29°91 [%v 6 | 39-L | uoTaeutwersqpoeiIns
20 30 %0 uotsoizoy _ PuT %G°C | %8¢ i9°z %80 [ 970 UGT56310) *od
= Tteal xaddn
201 %0 %0 uoTsoxq - 20 ® 50 70 20 USY501] -
56°0 40 30 papuoqun L€y | %0°6 20€ M 15 papuoqun ©
%0 10 0 uoT3eI0TIIID %0 %0 %0 %0 %0 COM&MMO.:—OU sle]
N W q Aouedaids1g N T 1 H ) Xouedoiostq
MAIA NVId david
—=] e o — I i " I R —
i ! |
- - o
t - d e SRR - JUECAR _— 0 e
%0 %0 %0 CEECLEN] %0 %0 30 povyoel)
Y0 UOTTEUITeYST 30 T 30 %0 ToYIeuUTHe 30
—t == - TOTSOTIOT| o4 g2 U t0— | woTSs0x203 - wmuu
,Hv - = g\lv |Iﬁd. e g ape1g —sU Lt ]ﬂg TG 81 ToTSoOXq urt
-pea1
$6° 0 16°0 | 46°0 papuoqui 36°0 60 6°1 PSpUSaUN |
20 %0 %0 UoT13e10119390 %0 20 20 TIoTYSTSA
R § (o ASUeNSISE Y] 0 w Y ASUEASYTSY

NOILO3S 35a3 ONIQVIT
} d fo q
1 =T

T




*o/d Lb-iD

SIAVYId FdVYMNd0d -

SNOILYDO0T ADNVARIODSIA AISNIVI-ATIVNIALX I

*1Z dd0DId

30°62] §O°€T [ O R 1'] TOXTIT
(] 30 %0 Sax113s5/yseay [NOT328S
| TN TN ‘YN SS3IISIDAD umxwm
SV | s0°¢ £y | obewed jequos bz
369 | & 01 1670 aT0°d
S ] Aouedoisstiad |
AJIA HOLIOH - 3dvif
i e e !
l.lﬂL S TI‘ - '+l1 —_—_— — '+IF| 4 Iiill'+l|0.|l+ !
- = R D ——— — T [
T
i
o — — — - - N - ———— |||1|1.
o -
) G 10143 $0°27 | 0w %0 10113
1005 | 10 30 soqt135/qse1n | =bea 0 w0 %0 | sewtiig/ysesppiorises
_ 4N L CW°N Non 5551351540 o VN VON ‘YN EEEEPES EYXe o
26°0 | o9 0 3Bruaeqg 1epquoy |- LTEIL 361 YR %071 sbrueq jeqws3y] o112 o~
1384 3 VT L1] ac T5°¢ 317% (32 ¢ B S « o R =
128 W o4 AdUedalosTg A r A3uedl’Id<1q
MITIA N¥Id 3AvId
1lﬁL A Tl|||||lﬁ "+\ I — Ill'+||1||| :ll!lll!lﬁ'+‘l0l||+

T‘ V“ 3 = - w
30 T w0 T T Ti633g 10 10 Jo313] f
W 0 I TsaqTi35/use1) Teds 30 80 dayraas/ysexg] ofpi
X0TOY T OX0TGE | O¥OTES TE53X35319A0 ~pets YN ¥ H SS013518A0 tur
S I0 2N B {20 I bt A el A TTRe 0 gbeweq 31BqWSH| -PFAT
w57 T Moo %81 ~ I8 B
1 Bl KXouedaiss1g o) v KouedaxzsiQ

NOTILOJdS 3943 OSNIQvI]

-l

1

q | Gl




——

*D/49 Ly-HO - SIAVYTIE LJIY - SNOILVOOT AONVAFYOSIA INTJHIHNI "2 TINOTA

$0°01 § 9979 %3°9T ¥2'0 %0 FEFELER
I SN ST S A N L L s
bl ©8°0 LY WL °E 3671 UOTS0II0) e
$0°01 | #0°01 | #0°02 %6 | %0 UGTSOZ  ,onir
€°8 | 40°9 | $G°0C 9L 50°6G T papuoquny g
.onﬂLfﬂQ«n — 13T 1756 g 1T T0°¢ | uwoiieiotringod

= L3 P d 19] RAoTTITIIOS T

MITA WOLLOY JAVIR

. i BN N 5 1
IL ) TIII d >t 9 o5
R —— W ————————1
|30 %0 |20 ] poyori) 50707 “ETET [RETEE +0 PITCY
20 30 20 UOTIRUTWETSA| ,ppq 2C L | %9°9 (w7 w1 <0 0 TG TIPUTIP T Y003 Ing
%0 0 &0 UoT50130D|  but 0 S el v It 1301 UOT150X10 XO§
30 X0 %0 dOAMCulT:su.r BT T 30 20 UoTS01 1addn
e CY R (Y papuoqu 2y | wev Y I 13t e POPUST
%0 10 | st | uoraesorasiag 5671 %05 8078 1307% T TETIEISTIST]
N W T AdSuedaids1] 1 r 1 i [5) Xouedoiost1q
MAIA Nv1d 3avid
IAL A Tlll. r ot 1 e m—T llll.‘.rd .IL
[]
po a L q 1
R 2 e £ ] R
30 %0 ) CEEELER %0 20 20 GEEELER)
L1884 UL L1084 ToTIeuTUe 9] sed TC X0 X0 T UoTIeUTWe TS0 | -6
LAkt (314 L1ai1 “worsorroy | ote 70 70 %0 worsorroy| /0
%0 %0 0 T615013 %002 T0°02 T0°0¢ USTSOTT| _hoon
%0 20 %0 papuoqury %0 i8°0 70 papuoqun
30 %0 10 UOT3e107133 53] 36° 21 ic-z1 | 35°¢1 |uot3eiorisiad
J k § [¢f AoueasYssd o] 24 A4 P¥e)oy-dot: tod-3 do

NOILD3IS 3I54d ONIAVIT

\|—_||| 31 “ <||l

63




*O/dLP-HD - S53AVILE LAY - SNOILYOO1 ADNVYIFEOSIA dISNVYID -ATIUNIIALXI “€¢C 21nb1d
a1qeo>t11ddy ION = ¥°N _m— -
¥ . 10 *9°0 +0°91 30°6G YA ___do1a3
0 €1 t0°21 0762 $5°9 10°9 AYTIIS/YyseadH| uoTIOayg
NN WCN T VKR “¥°N S SS013S15AQ] x0¢g
TC € 7 B 20" L 20" 9 obeueq 1equoj| 1307
1076 0°8 ~0° €1 100 *0° ¢ *at0*43
S) " k9] J 3 AoTetSIoS Y
MIIA WOLLOH - d3vid
e | o I\ d le 0
e 4 T ™ =
e o el | B e S =
= =T
n = ! ~ }
N ==t w 1 1 lulll_
T 0 k1 ISIIT|  ppg 70 70 P8 [ Y075 L1 I5X¥T} 013005
0 T0 <0 IUTIIS/YseT> buz +C 0 ST TT ) 109 3YXI3I5/4sex xog
\* 4 M YN VN SS3IISITISAQ |-1r1veall "V N VYR VTN N RS ssnI3sIsap] JToddq
%0 20V %0 abeueqg 3equo) 50" ¢ 20°¢ *0°B1 | ©0°G | =0°b abewrq 3equol]
0 %0 %0 *aco-d €0°11| %0°0T1 $0° 6 3671 %0°1 *aro-d
[ W a1l AoUedal1ds1q N rC 1 H 9 Adued33I5sTqg
M3IN NVId 3avig
IL b T|. r T 1 r“ gl lll'i.u l
o _ = = — l— ——
| )
| _ |
2 1 )
Tl & — |I|'T|1 — - 3 T a
R
¥ 9T Y9797 057 plop o g 50 %0 $0 T TI03IF]  obp3
L14) ¥0 30 3YTITI/USeI) aeds i 10 Y a%1135/yse 1)) bux
TO-0T 00T TUTU9 T SSIXITISITAT spvid VTN AL YN Tssn13S13AQ] -PEoaT
T U1 S0 Y0 shewey Jequod S0t f 3Z°6 R0°- 2 dbeweq 3jequo)]
U9 57 L300 aT o — %6 ¢t $0°9 36°1 GG RE]
3 T T itedot-Lot=D tol-h dof o) =] [ Xouedoidst(
NOILO3S d0503 ONIGVI1
e e e — _ .IL
m‘ ) « g ¢
(

64



Itedar platry alenbapeutr burpnisut 10113 buripuey/butddrys/burinidejrued o

voL'1 26 ¢38 10S  [9wv'T1 $Z6 (68 | YL §50°¢ ¥I8' (88 oty s?sted {1V
Y0t LYY ¥ 9 - ¥ -= Y0E o1 L} 9 EETETON.
.88°¢T tz~'g88 LE 216 1vY v28° 88 z zs2°se vZ8'¢€8A SE abueyd swrli
_s§°0z | 4 tv  (Zi6 twvp t 7 55712 1 v STerowsH paTnpsyss
S9L79.T t7e ¢88 3 216 1vh vZ8' (88 T 809 ¥6Z| vI8 68 £ + 101313
—_Zy'et | vra'ce8 ({4 = - - LZv 8¢e I8 (68 X3 uosesd [eAOWdd prlen OR
Sgziec * 97 0£17¢€9 + (21 Z16 1Y * z saX1I135/saysedd
619°L2 41 vz8°c88 1 015°'82 1€ P9S83I131813A0
~08°21 78 (88 69 L16°9¢ »Z8°€88 61 919 LT vz8 €68 0% abeweq 3Iequod
(LL'Y | S81 LLY°OE i 62 999°g 951 abeweq 31dafqo ufrazog
| Te't 1 70t |6z0 ®1 ¥ KT:) 869°¢ 6cZ “de1ds1Q@ pasned-X[{eulaixd
vZe7E88 ¥ T - == vze'eee | § T aoueTeqU]
- ! = - ﬁ J— - =" pPalilaxg
S9L°9LT 3 - -- S9L°9LT S paxd>eid
I8¢ °88 0t -~ -- Z8€°88 o1 uotjeutwerad
vLT OF 44 809°t62Z ! € LIS 9P 61 papoxxod
209°v62 | veze cso8 € tze‘ces +28°' €88 1 Z16 1vy| veze'tss z IeaM/uU0TSOI3
966 ‘022 14 -— [ - 966 °022 [ UCTIPIQTA PATSSIOXNI
881 °11 6L = _ == BBT 11 6L papuoqun
966 ‘022 -4 -- oo 9%6 ‘022 v UOT13IRIOTI333C
S06°9 8Z1 |9%6°'0z2z e v 821 vzl -FoiosTd IuUsIayquy
SINOH | paAOWSY 81NOH | paacway SINOH | paAowsy
aybrrd saperd ybrrd saperd aybrrd sapetd
Yee1W  |'p1d 33w |30 -£30| Yeaws |-p1e 33v |30 ‘430 | Ywamw |-prs 33v| 3o 430 STVAOWIY d0d SNOSYIx
Je3ocl 1e3lol [e3iol
S3AVId  TYIOL 531Qvig ddddvnios S3av1d QddIvdid
O/8 Lp-HD - S3AVIE L4V - SIYAGWIU-NIIMLAG-IWIL-NVIK -AIXX TIGYL

65



itedaz pr1atj ajenbapeur buirpniourt

10118 butypueysburddrys/burinidejnuen «

69¢ 190 'S81 105 95 ¢ €0€'S¢ 1L TLE B8GL'6S1 B33 sosne) 11V
€LY L£87T 9 - -- == €LY L€87T 9 I3U30
ey Yy’ L LE 6€L 8Ly T 4 9St $96 ‘ST SE abueyd awtl
LY 6LZ 02 33 6L 8Lv 1 z 65V T08° 81 T §{eAOWSY Pa{Npayos
091 6L S (%4 %S5 z 18 X4 £ v 10134
SZE iYL (X4 == - -- 43 vLy'L [X4 Uoseay [eAowad privs ON
[ 622 91 65 vZ8 [ai T0¢C S0v z §5%TI315/65Use1s |
91¢ czv‘9 43 91¢ 91¢ 1 €12 609°'9 1€ PasEaI3SIBA(
(413 STE YT 69 EEY £22'8 61 zze 260°9T 0s abewed 3equod
€8¢ £EV 0L SBT L6E £1S°TT 62 T8¢ 0zZY'6S 951 abeweq 10alqo ubraiod
Zve Zov €01 70t Tee 98’0z | €9 473 325728 (334 +da12s1q pasned-ATTeuIsIxd
E4Z3 (473 T -- - - TYs Zvs T aouetequi |
- Zyie? - = == == - - -— po3lald
18¢€ 6061 S -- -- -- 18¢ 606 T S payoe1d
(%44 ogz’'z ot = == - (%44 ogz‘z 01 uotarutwerad
119 BEV ET (44 0L9 010°2 € 109 82y 11 61 papoII0d
zse LSt € 16¢€ 16€ 1 €81 99¢ z IeamM/uoTSOl1l
99y €981 v - - - 99¢% €98°1 [ UoTILIqIA 3ATSS3OXT
Z6¢t ¥S6 ‘0¢ 6L == = == 6t 56 °0¢€ 6L papuoquq
SSE TZv°1 |4 == - == SSE 1zy’l v uot3IeIOTIFIBA
5 vi1 €5 821 009 Tov ' 2 60V €IL° 05 vzt -d335510 3UsI84U

SINOH | paaowayd SINOH | poAowRY Sanol | peAoway -

IYETTS sapetd Iybrrd | soperd 3ybrid | saperd IVAOWTH ¥OJd SNOSVAM
VYoo |'pte 33w | 30 -A30 | Yariaw  |rere 33w |30 A0 | Ywiww |-pre 3I3v| 30 43D

teiol Te3ol Telol

avid IvlOJ Sadvid Q3addvdos Sdayid UddaIvaay

O/8 Lp-HO - SIAAYIE 1dY - TYAOWIY-OL-TWIL-NVIW ~AXX JTEYL

66




itedaz platr) ajenbopeutr buipnyour I0xx5 butypuey/furddrys/butiniorjnuen .

0te’T | +z8'ees 608721 vZA’ €88 69 ziz'e vZ87E88 | 08¢ §9sned TIV.
S$9L 791 vZ8 €88 [ATMEL] +Z87 €88 (4 809°v62 vZ8’' ¢88 3 « J0134
LZY B¢ Y268 €88 - vze'ces - LZv 8¢ vZ8' (88 (&4 UOSCoN [PAOWod DI|PA OH |
6EC CC ) ott’ed |} (2 Z16 7 1vY EE S3WTi35/s0UseIn
619°¢2 vz8 €88 q‘ 1 016°82 Tt Passallsiant
608°21 LIS '9Y 61 9L9° L1 0s afewrd IPqWCD
ety vze ‘g8 LLY'0g vz8' €88 62 999°G 28, 88 961 abeweq 310alqo ubraicd
X154 620 v1 * €9 865 ¢ L rI%4 +F335570 pPosneo-A{TvUI03IXT
tZ87¢B8 | - a = tza €88 1 R soubTequl

= e -- -- -- EEREEEE|
S9L 9Lt -- — -- LETARTA ¢ S pa)oe1d
i8¢ "88 - o 76€°88 o1 uotIeuTWe[aq
LT 0% 809°'v62 £ LTS 9p 61 pPapo1xod
809 ¥62 vz8°€88 vee‘e88 | vz8‘ees 1 1o’ Tbp v28° €88 4 IPam/uCTS013
956 022 -- -- 466022 t UOTIeIqTA AATSSAIXT
881°11 - = 88T T1 6L papuoqui)
966 022 - - 066’022 v uoT3IeIOTIB3IAA
506 9 966 '02¢ v Szl KIad -d33557q IusIayU
SAnoN Sanoll | paaowa, SaNOH | paAOWoad
IYeTTS aybrrd sapetrd IybrId sapeTd TYAOWIN dOd SNOSVINH
Yaneww |pra 3V Yanaus  |'p18 3v| 3o 430 | Yunauw |-pra 33w | 3o -X30
Telol Teiol Te3od
Gvid 1Y, S3Avid  d3davaos BECSLTED

O/8 Ly-HO - S3AvId LAY -

STYAOWIY - AITNAFHISNN-NIIMLAH - AW I L-NVAW  * TAXX dTHYL

67




STPAOWIY-PATNPIYISUN-UIIMIDG-IUT L-UPSN - HHIW

TeAOWIY-OL-DUTL-UPIW - YLIW
STPAOWLGY UIIMIIG-DWTIL-UPIW - HALW
arqeoriddy JoN - “¥°N
LZh'8E “VUN S9L°9LT LT6°2 <06°9 0€6°T 1e3o0L
-- NN Z16° 1kt 620°'p i 966°027 608°z1 | paddeios |Yyaguw
LTv°'8e “NCN _809°'v6¢ 869°¢ 821° L qLe'e paitedoy
313 Ly 091 The STy 69¢€ P30l
-- 6€L oLe 1€e 6oy 95¢ paddeiss | Yyriw sHavig
SZ¢ 65V 18 SpE 6ot ZLE paireday
LzY '8¢ vss‘0e S9L'9LT L26°2 <06°% voL T 1e30L Ldv
- [A (RS2 216’ 1vy 620°'¢1 92€6°022 14 A4l paddeidss | Vyqiw
LZY'8e LSS’ 12 809°'v6Z 863°¢ 3T1’L 650°2 paiteday
968°GS ‘¥ N 950°6V1 Z€0‘€ €EL'S 168°1 1e30]
-- VN £11°862 820°61 L98°8L1 0L0°9T | paddeadss |dyngiw
968°SS VN €11°862 909°€ 726'S or1‘z paareday a!
Lo¢ 85t 9ct 18¢ uer 96¢ Te30L SII718
-- -- vz9 z6¢ LEY 60b padde1ds | dyriw ;
Lo¢ 8y L8 6Le | e1r 06¢ pairedoy |/ AHVII03
968°GS z€6'ze 950641 Z€0'€ €€L'G LeL' 1 TP30L
-- - £11°862 8LO ‘61 L98°8L1 0LG'91 paddeidss dyain
968°GS 2£6°'22 £11°'6862 903°¢ C76°¢ LS6°1 paiivdoy
NOSVAR | STVAOWR |ADNVAROSIA |AONVAT™ISIC |AIN/ATMOSIA SANTVA
TVAOWR | a3TNAIHOS aasnvd aasnvd FURERITIN A3NTIW0D Javie
QITVA ON do¥y T ATV ALX T

SNVAW 3Avid 14V ANV QUVMHOJ O/8LY-HO 40 AUWWWNS ~I1IAXX JT6VL

68




CH-47 BLADE SCRAPPAGE ANALYSES

This section of the report includes analyses of the scrappage
of the forward and aft rotor blades for both CH-47A and
CH-47B/C helicopters.

Analyses concern the following:
a. Major percentages of blades scrapped

b. Quantity of blades scrapped vs. actual
reasons for scrappage

c. Blade teardown experience
d. Mean-Time-to-Scrappage

The following helicopter blade scrappage analyses have been
based upon the known reasons for blade scrappage, not upon
reasons for blade removal. Certain blades were removed for
reasons other than any known spar damage in the field and
returned for inspection and overhaul. Subsequent repair
action uncovered spar damage. However, other blades were
scrapped, either in the field or immediately upon return
inspection without any rework action attempted. In these
cases where the reason for scrappage was not given in
Boeing-Vertol records, the reason for blade removal was
used as the scrappage reason. It may be assumed that
reasons for removal may be a good indicator of the reasons
for scrappage of blades in the field. Field scrappage reasons
and data are not accessible to Boeing-Vertol except through
Field Service Representative reports.

Tables XXVIII and XXIX summarize the scrapped blade status for
the most frequently occurring causes for scrappage.

Table XXVIII concerns the forward blades and Table XXIX
concerns the aft blades.

Table XXX, page 77, summarizes the percentages of blade scrap-
page for CH-47A and CH-47B/C forward and aft blades in terms
of reasons for blade scrappage.
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The distribution of the percentage of CH-47B/C forward and

aft rotor blades that have been scrapped for known causes,

either internal or external, is shown in Figures 24, 25, 26
and 27.

Prior to a decision as to the extent of blade damage (includ-
ing spar damage), the blades may require either a partial or
a complete teardown during their repair in Boeing-Vertol
shops. A partial teardown consists of the replacement of all
blade boxes, the trailing edge and the trim tab. The complete
teardown consists of the replacement of all the blade boxes,
the trailing edge, the trim tab, and the nose cap, plus

any miscellaneous parts, as required. Figure 28 has been
provided to indicate the quantity of blades that required
either partial or complete teardown versus those blades

found unsatisfactory as a result of teardown and therefore
scrapped.

Calculation results of mean-time-between-scrappage of

forward and aft blades for the CH-47A blades are shown in
Table XXXI and for the CH-47B/C in Table XXXII. Table XXXIII
summarizes all scrapped blade means.
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COST ANALYSIS

A comparison of the CH-47 rotor blade acquisition cost and
the average cost of repaired/reworked rotor blades was made.
Included in the total average cost of the repaired/reworked
blades is a $40.00 transportation cost to and from

New Cumberland Army Depot (NCAD).

Table XXXVI of Appendix I identifies the various CH-47A
(114R1002) and CH-47B/C (114R1502) blades by part number

and location. The table shows a selected quantity of
blades, transportation costs to and from NCAD, the average
repair/rework costs per blade, and the acquisition costs per
blade.

The cost comparison of the repair/rework average costs per

blade versus the acquisition cost of a new blade is given
by this table in percentages.
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CONCLUSIONS AND RECOMMENDATIONS

Removal summaries for all CH-47A blades are given by

Table XXXIV and for all CH-47 B/C blades by Table XXXV. As a
result of review of these tables and the entire study, the
following conclusions and recommendations are made:

1. Existing field repair techniques, criteria and/or
practices for bonded rotor blades may be inadequate.
The detailed data used for this study can be utilized
to determine where the inadequacies occur. Recom-
mendations for cost-effective improvements to
repair techniques, equipment, procedures and per-
sonnel training can be made on the basis of these
determinations.

2. Trend curves showing the rate of improvement of
mean-time parameters for early CH-47A blades through
the latest CH-47B/C blades can be derived from the
data bank used for this study. Design recommenda-
tions based on information extracted and analyzed
from the present data bank could lead to improved
blade configurations.

3. This analysis indicates that returned blades in-
tended for repair/overhaul are being retired or
scrapped at periods somewhat less than published
life limits. This requires a consideration of
acquisition costs in comparison to repair costs
and the life remaining in the blade. However, at
present, a definitive cost/break-even scale is not
available to guide this early retirement practice.
Data extracted for this study can be utilized to
develop an optimum life limit/repair costs scale
for aiding the decision to retire late-life blades.

4. The quantity of blades needed to provide a repre-
sentative sample for meaningful analyses is
presently unknown. The CH-47A blade data should
be analyzed in smaller groups by manufacturing
date and compared to the total results to determine
the number required for a representative sample.
The CH-47B/C klade analysis should be continued
until a representative sample is completed.

5. To provide a calendar year analysis of blade dis-
crepancies, the present data should be related to
blade manufacturing and repair dates and a yearly
updating of the overhaul/repair data should be
performed.
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TABLE XXXIV. REMOVAL SUMMARY LISTRIBUTION - ALL DISCREPANCIES - CH-47A PEPAIRED
AND SCRAPPED BLADES
otor ades otor ades A Blades
REMOVAL REASON Total V of | Total t ol Total t of
Blades Total Blades Total lades Total
Toose /Missing 14 0.66 1 0.04 15 0.34
Bare Steel 1 0.05 18 0.77 19 0.43
Deterior. Eroded 14 0.66 15 0.64 29 0.65
Rippled ] 0.14 4 0.17 7 0.1¢
Water Migrate oY 0.05 1 0.02
Bulged 6 0.20 2 0.09 K] 0.10
Unbond Blistered 1 0.05 1 0.02
" Bond Void 122 5.74 144 6:13 266 5.9
@ [Vibratlon Beyond Tolerance 8 0.38 ) 0.04 [] 0.20
o Vibration 8 0.38 2 0.09 10 0.22
3 Eroded Worn X .54 9 0,38 63 1.40
a Eroded 18 0.85 9 0.38 27 0.60
2 Corroded T4 5.61 5% i | av 5.36
‘m) Peeling
- Chipped 10 0.42 10 0.22
9 |corrosion Stained
= Seized 2 0.09 1 .04 3 0.07
z Water Migrate
-] Pitted 1 0.04 1 0.02
] Voided 40 1.A8 11 0.47 51 1.14
z Crazed 2 0.09 1 0.04 k] 0.07
= [pelam. Cracked 5 0.24 23 0.98 25 0.63
split N 0.81 19 0.43
Creased 1 0.05 T4 8.60 15 0.34
Cracked Crazed 2 0.09 2 0.04
Cracked 195 9.17 338 14.39 533 11.91
Splat 2 0.09 10 0,42 12 0.27
Fretted Worn 1 0.04 T G.02
Fretted 1 0.05% 1 0.02
Balance "Tip Rod Loose 36 1.69 4 0.17 40 0.89
Imbalance 15 0.70 4 0.17 0.43
SUBTOPALS 69¢ 32.35 L5 1 32,02
Dented 384 18.06 34 14,60 kit 16.25
Broken 14 0.66 25 1.06 39 0.87
F.0.D. Torn 35 1.65 13 1.40 68 1.52
Punctured 123 5.78 100 4.26 223 4.98
Scored 54 2.54 48 2.04 102 2.28
Bent 38 1.79 27 1.15 65 1.45
" Broken L} 0.1% : 0.34 12 0.27
W | Combat Scored
U | Damage Dented 4 1.60 4 1.45 68 1.52
z Punctured 106 4.98 98 4.30 204 4.56
L Torn
-] Spar/Socket 2 0.09 2 0.04
o Overstress 117 5. 22 273 11.88 350 B8.72
3 | over- Bent 1 0.04 1 0.02
stress Collapsed
ol Fractured 1 0.05 2 0.04
< Den ted 1 0.05 2 0.09 k| 0.07
B Bent 1 0.05 i 5. 04 = 5.87
& I crashes/ Collapse ] 0.38 1 0.04 9 0.20
:‘1 Strikes Torn 1 0.0% 11 0.47 12 0.27
Minor Damage 25 1.17 0.34 13 0.74
Manuf/Ship/Handling Error 31 1,55 1 0.47 45 1.00
'No Valid Removal 15 0.70 ) 1.19 [} 7.
scellaneocus 0.0% 0.13 L] 0.
“SUBTOTA. 99 46.61 1064 45.29 [ 2055 45,92
ompliance 3 1.50 5 1.45 (44 1.5
No Defect (Sch. Maint.) 276 12.98 399 16.99 675 15.08
r.ia' Retired Blades ‘4 0.19 26 1.11 30 0.67
@"’ EIR Engineering 2 n.09 2 .09 4 0.09
mB No Defect (Fac. Maint.) 58 2.73 22 0.94 80 1.79
Miscellaneous 71 J.34 0 2.55 131 2.93
143 20,8 L3 17 387 4440
TOTALS 2126 100,008 2389 100,00 | 4475 100.0
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TABLE XXXV. REMOVAL SUMMARY DISTRIBUTION - ALL DISCREPANCIES - CH-4/8/C REPAIRED AND
SCRAPPED BLADES
.Eorward Retor aisdes ALt Kotof Blsdes) 1
REMOVAL REASON Total » of Total % of | Total | % of
: Alades Totel |piades | Total] pladed Totsl|
Loose/Missing
Bare Steel
Deterior. Eroded 1 0.19 2 0.40 3 0.30
Rippled
Hater Migr. 1 0,19 P 0.49Q 3 0,301
pulged 30 .86 26 5.19 56 5.53
unbonded Blistered 16 3.1) 39 7.78 55 5.4
Bond_void 19 3. 14 _2.19 33 | 3.26/
Vibration | beyond Tolerance 3 0.60 3 0.30
- vabration 5 0.9 Y 0,20 [} G.59
* Eroded worn 5 0.97 3 0 49
g L . Exeded 1 1.37 3 Q.60 10 | 0.99
a r corroded 31 6.05 20 4.00 3l 5.0
: Ccrrostion Peeling
t.a chipped
- Stained
8 Sejized
o water Migr. k) 0.58 1 0.20' 4 0.3%
] Patted 4 Q.28 1 Q:200 & | Q.49
b voided 3 0.58 9 1.797 12 1.18
5 Delam. Crazed 6 1.17 I [ 0.59
N Cracked 3 0.58 1 0.20 4 0.39
Splat ] 0.97 - 5 0.49
Creased 3 0.58 i k] 0.30
Cracked Crazed |
Crackad 10 1.95% 5 1.00 18 1.48
Split ) -
Fretted worn
Eretted 1 Q.19 | 1 | 0.1
Imbalance | Tip Rod Loone 1 " n.20 1 0.10
imbalance 3 Q.58 I J . 0:30]
SUBTOTALS 156 30,40 128 L _25.55 464
Dented 118 23.04 114 ) 22.75 232 22.90
Broken 1 0.19 1 0.30 2 0.20
F.0.D. Torn 13 2.54 17 | 3.39 3o 2.9
Punctured 34 6.64 g A 7.58’ 72 7.11
Scored 4 0.78 9 1.7 13 1.28
Bent. 8 | 1.56 6 | 1200 14 | 1.38
. Broken 1 1 0.19 W 1 | e.10
8 Scored 3 0.58 1 0.20 4 0.29
c combat Dented 24 4.69 22 4.34% 46 4.54
1 Damage Punctured 47 9.18 42 | 8.3 89 8.78
g Torn 2 0.39 4 [ om0 6 9.59
] _Spagr/Socket 2 0,39 | I 2 0.40
el Overstress 32 6.26 | 27 [ s39] s9 | s.82
Bent 1 0.19 | 1 | o.l0
- over- Collapsed
g stress Fractured |
s Lented —— . _0.58 5 1.00 8 9.29
i pent 1 0.19 | 1 0.10
Crashes/ Collapse | i
Strikes Torn ! 3 | 0.60 3 0.30
Minor Damage 1 1 Q.19 43 £:59 14 A,.34)
Manuf/Ship/Hand. Error 6 1 1.17 5 1.00 11 1.09
No valid Removal Reason 16 ' 3.13 23 4.59] 39 3.85%
aoys 4 -
SUBTOTALS _ 317 el.a6 | 330 L5.871 €47 |63.86
. | MWO Compliance 2 0.39 13 2.59 15 1.48
'a No Defect (Sch.Maint.) 23 4.49 24 4.79 47 4.64
& | Retired Blades
@ |EIR Engrneering 2 0.39 2 0.20
2 No Defect (Comp. Rrmvl) 10 1.95 [ 1.20 16 1.58
y 4 LR ] 0.39 3_1.0.20}
SUBTOIALS 39 7.61 43 A.58 B2 R.10
IQALS, 512 . 100.0031 501 100.00y 1013 .
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APPENDIX I
COST ANALYSIS

The objective of this cost analysis was to analyze the
aircraft support costs for rotor blades to determine the
average comparative costs of new versus repair/rework
blades.

Table XXXVI is provided to indicate results of this analysis.

87



WOIXJ POATIDP DI9M S3ISOD
s3aed juswadeTdal 9pPNIOUT JOU Op S3ISOD asIYY

‘TL6T ydIeWw ybnoayl 96T AInp
WOX3 SISPIO AISATTSP JuswuIaaob pojzardwod

*dJ9 91 yoTym

—

SIAWTIE NYOMTI/JIVdTI

(ZOSTIEPTT)

V91 008‘€TS 192‘CS apeT1d/00°0%$ 99T ‘bay operq

I3V pue °*pmg

(ZOSTYIVTT) °peld

$G° LT 008‘€TS €E1Iv‘es 2pe1d/00°0%b$ 09 I030d 3I3IVY

(ZOSTIYTT) ope1d

$8°ST 008’ €TS SLT‘ZS °pe1d4/00°9¥v$ 90T 10309 °*pmJa

(ZOOTHPTIT)

$8°6T 002Z‘'€TS v19‘cs ape1d/00°0v$ 8G8'T *bay speig

33V pue -pmg

(ZoOTH¥TT) =perd

$E€°8T 00Z‘€TS 9TV ‘Z$ 2pe14/00°0¥v$ 6T6 10309 3I3IV¥

(zooTYvTIT) Sperg

3E°TC 002°‘€1s$ 808‘z$ apeT1d/00°0%$ 66 10308 -pma

M3N °saA opeld aad apetd Iad advON sapetd 3 uauoduo)
dIOMIY /xTeday 3s0D S3S0D " I9AY woxg ® O a1dureg
uotr3ltrsinboy Te30lL uot3iejlxodsuexy, ~K3D
o

"SA MIN LbP-HD -

NOSTIYVYdWOD ILSO0D

"IAXXX JI49VvL

88



APPENDIX 11
DATA EXTRACTION »ROCESS

A data extraction procedurc was developed and applied to
locate, extract and describe CH-4¢7 rotor blade discrepancies
investigated for the purposes of this report. This was done
by using an alphanumeric coding system, expanded to accommo-
date identification of discrepanc.es within the entire struc-
ture of the CH-47 rotor blade. This alphanumeric system
provides different codings for the CH-47A and CH-47B/C blades.

Each rotor blade returned to Vertol for repair is treated

as if it were appearing in the overhaul system for the first
time. A thorough inspection of the blade is made by the
Quality Assurance Department. The results of this inspec-
tion, including follow-up inspection, are recorded on a
Boeing-Vertol Inspection Report throughout the repair/
overhaul process. Each rotor blade assembly upon receipt

at Boeing-Vertol is usually accompanied by a Form DA-2410
originated and completed per Army Equipment Record Procedures,
TM 38-750, Reference (8).by the using activity. This form
will contain blade historical data. An internally originated
SAV-HQ Form 391 (Component Disassembly Evaluation Summary) is
also completed for contract purposes. Accuracy of subsequent
data analysis is dependent upon the accuracy of these
documents, as well as the experience of the reviewer of these
forms.

The data extraction record devised for this study is
comprised of three sheets containing historical data and
primary and secondary discrepancy areas of interest under
investigation. The sample forms shown are typical of
analysis of CH-47A blades. Fiqure 29 contains historical
and chronological data obtained and/or derived from
SAV-HQ Form 391 and Form DA-2410. Figures 30 and 31
identify major and minor discrepancy areas in respect to
the blade structure. Boeing-Vertol part numbers are included
for identification purposes. Thus, a considerable amount
of practical information concerning the effect of design,
manufacture and operational experience of each rotor blade
in the field is extracted in a readily available form.
Figures 33 through 40 demonstrate the alphanumeric coding
system for the CH-47A blades. A similar system was
developed and employed for the CH-47B/C blades.
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A concise description of the construction of the data record-
ing sheets, Figures 29, 30 and 31, is given below to illustrate
the depth of the data extraction process. Starting with

Sheet 1 of the 3-sheet Data Extraction Record (Figure 29),

the headings are largely self-explanatory, but the following

is provided to indicate consistency of data interpretation:

1.

Item No. - Necessary only for arithmetical continuity
and identification of the blade being analyzed.

Serial No. - Serial number of blade being analyzed.
A-1 indicates blades located on forward rotor head.
A-2 indicates blades located on aft rotor head.

Dash No. - Indicates changes to basic configuration
of blade at arrival (I) and when shipped out of
Boeing-Vertol repair/overhaul activity (0).

TT - Total flight time on biade upon arrival at
Boeing-Vertol. Time 1s obtained from DA-2410
and/or SAV-HQ Form 391 or Boeing Inspection Report.
The DA-2410 form from the User Activity is the
primary source of this information.

TSLR - Time since last repair which is determined
from blade historical records and/or noted on
DA-2410. Since each blade 1s considered new when
shipped to Customer after repair/overhaul, this
can be considered flight time since last repair.

Previous Repairs - Number of times blade has been
repaired/overhauled at Boeing-Vertol before.

Life Limit - Total number of hours blade may be
used under normal operating conditions without
spar overstress condition. Appears in overhaul
and retirement schedule of TM 55-1520-227-20-1
(Reference 6) for CH-47B/C blades. The life limit
is fixed at 2400 for the aft CH-47A blades and
3600 for the forward CH-47A blades.

Date Received - Julian date blade is received at
repair/overhaul facility.

Failure Code - Major discrepancy noted on DA-2410.
Should the failure cause noted on DA-2410 be
inconsistent with results of inspection as noted
in Inspection Report, the obvious cause of

failure should be noted under remarks.
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10. Model A/C - A, B or C aircraft, as applicable.

11. Remarks - Major discrepancies, disposiltions, or
actions taken during repair or overhaul should be
noted. Notations such as scrap, complcte teardown,
partial teardown, 1BO Sample, LIR Sample including
number, are included. If the blade has be¢en shipped
to the Customer, an Y{§' is placed in the remarks
column. If a Boroscope Lnspection has been completed,
a '@ is placed in the remarks column.

Sheet 2 of the Pata Lxtraction Record (Figure 30) and Sheet 3
(Figure 31) provided coclumn headings in terms of the various
blade major assemblies and/or subassemblies. Physical and/or
environmental damage to the blade surfaces and structure as
described in the Inspection Report was analyzed in respect

to the primary discrepancy which reczulted in blade rework
and/or scrappage. Codings which werec used arc described
beiow:

1. A major discrepancy which resulted in scrappage
of a part or parts and which was also the cause
of blade removal from the aircraft was denoted
by placing a (z) in the upper l=fi-hand corner
of the appropriate line fer thet blade. Several
examples are shown in Figure 30. Subsequent
discrepancies also affecting that part are noted
in the same column beneath the first entry.

2. A major discrepancy which was considered the primary
reason for blade scrappage, but not the blade
removal reason, was decnoted by placing a 'l' similar
tc point 1 above. Subseguent discrepancies are
noted below this entry.

3. A major discrepancy which required rework or over-
haul of a part or parts and which was determined
as the blade removail cause was denoted by placing
a '@3 in the upper left-nand corner of the appro-
priate l!ine for that blade. Subsecquent dis-
crepancics are noted below this entry.
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Major blade discrepancies were plotted generally in
grid form against blade locations as shown by

Figures 32 through 40. Different numbers are em-
ployed for each different blade leocation and parti-
cular discrepancy. 1In those cases where the locating
grid was inadequate to describe location, an alpha-
betical prefix was added to the location number.
Alpha prefixes used were 'T' for top of blade,

'B' for bottom of blade, 'L' for leading edge,

'I' for spar interior, etc.

Discrepancies of secondary importance were described
by use of a simple alphanumeric code which is part
of the Boeing/Vertol CH-47 Overhaul Data Fact Shecet.
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