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PREFACE 

A development program for field-repairable/expendable main 
rotor blades for held copters is being performed under Contract 
DAAJ02-73-C-0006 with the Eustis Directorate, U. S. Army Air 
Mobility Research and Development Laboratory, Fort Eustis, 
Virginia, undrr the general technical cognizance of Mr. Arthur 
J. Gustafson of the Structures area. Technology Applications 
Division, and Mr. Royace H. Prather of the Reliability and 
Subsystems area, Military Operations Technology Division.  The 
preliminary design and concept selection phase of the program 
has been completed. 

The author acknowledges the contributions made by Messrs. J. 
Cirver (Rockwell International, Tulsa), S. Barlow and J. 
Wynkoop (Adhesive Engineering, Airline Systems Div.), and G. 
P. Basile, A. Belbruno, M. A. Bowes, T. N. Cook, P. F. Maloney, 
J. E. Miller, D. Ojantakanen, M. Powers, P. Sevenoff, W. A. 
Smyth, M. White, E. Wilk, R. L. Young and many other members 
of the Kaman Aerospace Corporation staff. 
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INTRODUCTION 

The cost of acquiring and maintaining a fleet of helicopters 
is affected to a significant extent by the costs incurred in 
acquiring, maintaining, and replacing the ro or blades.  Exper- 
ience has shown that few rotor blades operating in the Army's 
utility fleet in a hostile climatic and military environment 
ever reach their fatigue-limited allowable service life.  It 
is apparent that the main rotor blade costs can be reduced by 
increasing the number of repairs performed successfully in the 
field, and by reducing acquisition and replacement costs so 
chat unrepairable blades can be economically abandoned.  The 
concept of a field-repairable/expendable main rotor blade is 
intended to meet these objectives. 

The aim of the development program is not only to develop a 
new rotor blade having improved life-cycle costs.  In fact, the 
flight vehicle, the UH-1H helicopter, is nearing obsolescence 
and a new rotor blade design is not now warranted. Methodology 
will be developed applicable to future rotor blade procurement 
for new model helicopters, providing means whereby maintain- 
ability and survivability criteria can be incorporated and 
evaluated during the erliest design phases.  Expensive depot 
repair, its accompanying logistical complexity, and high scrap 
rates may thus be avoided in the future. 

The development program itself is divld-.-d into five phases.  In 
Phase I, the methodology has boen devej-upe i and the selection 
made of a basic blade design on which this methodology can be 
tested.  In Phase II, the detail design and analysis of both 
the blade and its repair schemes will be completed and the 
drawings issued for manufacturing. The test blades will be 
fabricated and ground structural and whirl tower testing will be 
performed in Phase III, and flight tests will take place in 
Phase IV.  In Phase V, the results of the program will be 
analyzed ana the methodology refined to reflect the ground and 
flight testing and the repair performance experienced. 

This report coverp the work done under Phase I of the program. 
At the start of the program, the types of damage experienced 
by UH-IH main rotor blades in operation, the relative rates of 
occurrence of each type of damage, and the dispositions were 
examined in order to determine in which areas improvement 
could best be made. The damage, repair, and scrap history of 
current blades is accumulated in Reference 1 based on Army 
records.  A machine-generated damage scenario, representative 
of the externally-caused damage events experienced in the field, 
was used in Reference 2 so that types of damage requiring repair 

  „Hr ,..r- "■■-i.iinl'--"■ „...****.:,*m^* ,,..:. ■ ' '  -I I'll IIT : - 



could be placed on a quantitative basis. These types of damage 
were modified as to depth and severity to account for differ­
ences in materials between the current UH-lH blade and the re­
pairable concepts under study. In Reference 3, the damage 
events and dispositions described in Reference 1 were used 
directly. Similar extensive analyses were used to provide the 
bases for repair costs in References 4 and 5. For this pro­
gram, a combination of the causes and dispositions collected in 
Reference 1 and the modified damage scenario of Reference 2 is 
used as the basis of a Failure Modes and Effects Analysis. The 
validity of the Army's damage scenario was verified during the 
study of Reference 2, which show~d that the dispositions obtained 
by applying the scenario to the current blade closely approxi­
mated those present~d in Reference 1. 

A tentative design specification, conforming to the repaira­
bility criteria, reflecting the types of incidents reported in 
Reference 1 and q~antified in the damage scenario, detailing 
the technical requiremeots, and providing criteria for surviv­
ability, cost, and environmental resistance, was drawn up. 
This specificatior was d r a wn f rom t he results of the studies 
o u t line d i n Re f e r e nce s 2, 3 , 4, and 5 and determined 
the acceptability for f urthe r study of the concepts examined 
i n those refere nces. This preliminary design specification 
is presented in Appendix I . At the conclusion of the program, 
this specification will be examined and a final version drawn 
up r e flecting the results of the hardware tests. 

The blade concepts presented in References 2 through 7, to­
ge ther with other possible combinations of materials and 
techniques, were examined with respect to this preliminary 
design specification. As a result of the evaluation, which 
cove red twenty-six different approaches, two basic types of 
blade construction were chosen for further development. With 
detail variations, these two basic types provided twelve 
different detail designs. 

Following the seler tion of the blade concepts fo~ further 
development, designs were prepared in greater detail and a 
technical analysis was performed to determine adequacy of each 
design for use on the UH-lH helicopter in the basic utility 
mission. Natural frequency, bending moment, and stress 
analyses were performed to ensure that the structure was equal 
to that of the current blade. Repair schemes were drawn up, 
and estimates of their structural adequacy and conformance with 
the maintainability criteria were made. The radar cross sec­
tions and acoustic signatures were estimated and compared to 
those of the current UH-lH blade. 

2 
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A reliability analysis predicting the probable failure and 
damage occurrences, based on a comparison of the designs under 
study with the standard UH-lH blade, was made; and modes, 
causes, and rates of failure w« re predicted.  A survivability 
analysis utilizing the damage scenario, as modified for the 
appropriate materials, was also made. 

A maintainability prediction based on the repair schemes and 
predicted failures was made.  During the design process, any 
inadequacies in maintainability, particularly with respect 
to skill level and elapsed active repair times, wer»? noted 
and any necessary design changes were made.  The maintainability 
requirements had considerable influence in the choice of the 
aft skin material and, to a lesser extent, the structural ad- 
hesives used in the blade construction. The tips were de- 
signed for ease of access, to facilitate balance weight adjust- 
ment following repairs.  However, in general, the effect of 
maintainability criteria on design decisions was negative, 
vetoing unsuitable materials and methods of construction, 
rather than positively indicating favorable choices. 

Finally, to provide the quantitative basis on which to compare 
blade Concepts and make the final selection, a life-cycle cost 

s! analysis was performed for each of the twelve design variants. 
This C5st analysis was based on a 10-year, 5000-hour aircraft 
life aid a 10,000-unit blade procurement quantity, and used 
the failure modes and rates, the repair labor, and the scrap 
or repair dispositions predicted by the reliability, surviva- 
bility! and maintainability analyses, along with manufacturing 
costs estimated for each concept.  Such fixed costs as inspec- 
tion and those associated with logistics were included but did 
not vary between differing concepts. The costs of the standard 
UH-lH blade were obtained on the same basis so as to give a 
measure of the improvement to be gained by treating maintain- 
ability, particularly repairability, as a major design con- 
straint. 

This report covers the results of all of the evaluations, 
analyses, and predictions leading to the selection of the final 
concept to be designed, fabricated, and tested during the re- 
maining phases of the program.  The selected concept and the 
reasons for the choice are presented. 
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METHODOLOGY 

Since the primary purpose of this development program is to 
create and refine methodology by which maintainability 
requirements can be incorporated into the preliminary design 
process, it is appropriate to describe the approach taken during 
Phase I. 

Initially, a design specification was drawn up reflecting the 
damage incidents incurred by the blades as presently in service, 
and providing the technical requirements for the new blade 
design.  Reliability and maintainability criteria, surviv- 
ability, and technical requirements such as stiffness, 
strength, static deflection, weight and balance, and detect- 
ability by radar and acoustics were specified. Potential 
concepts were examined with respect to this specification, and 
those which conformed most closely, and with the greatest 
certainty, were examined further. 

For this program, the criteria, particularly the technical 
requirements, were drawn up by comparison with the character- 
istics of the blade currently used on the UH-1H helicopter. 
For a new blade program, where the criteria would be applicable 
to a new helicopter, the design specification should be more 
directly related to the airframe, the mission, and the rotor 
system. 

When each blade concept was sufficiently well defined, a 
failure modes and effects analysis was performed and the main- 
tainability characteristics were determined for repair of these 
failures.  In any instance where the maintainability fell 
short of the criteria, design changes were made, but in the 
preliminary design phase such changes were few. 

Finally, the blade-related life-cycle costs were analyzed for 
a helicopter life span of 5,000 hours.  These costs included 
acquisition, repair, scrap, retirement, replacement, and 
logistics.  The life-cycle cost analysis provides a quantita- 
tive comparison of competing blade concepts, placing a 
dollar value on such qualities as reliability and repairability. 

APPROACH TO A DESIGN SPECIFICATION 

Traditionally, a rotor blade design specification, if formalized 
as a separate document at all, spells out the required perform- 
ance characteristics in terms of airfoil section, chord 
length, rotor radius, hub interface, probably desired dynamic 

tMMiMiiiMMIiiiBMiiMilMiiiaMM .■wi.,^^.,,-^,,.,.,.,,...^. ,„.->,.,, .. „.^nM^a-A... , ,,...,........., .,.,     ... .-^-^ ■"■■-llniniMlilllWiliiliÜ 



Mi nm 

and structural limits, and very little else.  In most cases, 
however, the blades are procured as integral parts of the air- 
craft system, and their requirements are implicit in the total 
specification, rather than explicitly presented in a separate 
document.  This has resulted in rotor blades designed and 
manufactured with their reliability, vulnerability, and main- 
tainability treated, somewhat cursorily, as small parts of 
those of the overall system.  Recent operational experience 
has shown that blade-related costs are significantly high, 
sufficiently so that potential savings, by treating blade 
characteristics specifically, amount to ten million dollars 
annually for a typical U. S. Army helicopter fleet.  An 
important part of this program is to generate guidelines and 
create a typical design specification for helicopter blades, 
which can be either a separate document or incorporated as 
explicit blade items in the overall system specification. 

As well as those technical characteristics determined by 
aerodynamic performance requirements, others such as weight, 
centrifugal force, balance, and the natural frequencies of 
primary modes should be defined.  If there is a possibility 
of lip deflection being critical, this limitation should be 
given.  Radar and acoustic detectability may be included.  Most 
important, the operational characteristics and limitations in 
the areas of reliability, maintainability', survivability, and 
acquisition cost must be defined. 

The preliminary blade design specification prepared for this 
phase of the program is included as Appendix I of this report. 
The specification will be revised to incorporate any changes 
indicated by the test programs to be performed under Phases 
III and IV. 

TECHNICAL CRITERIA 

Because the field-repairable/expendable rotor blades are 
intended for use on an already operational helicopter, the 
technical definition of the blades is developed by comparison 
with the known characteristics of the blades currently in 
service. 

The contractor's standard machine program was used to generate 
the mass and stiffness properties for the selected basic 
design concepts at significant cross sections, and these section 
properties were then compared with the equivalent properties 
of the current blade. The program accepts a series of 
coordinates describing points on the boundary of each component 
section, and generates the geometric properties (area, centroid, 
and first and second moments of area) .  These geometric proper- 
ties are then multiplied by the respective material weight 
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densities and sununed for the total section weight and inertia 
per unit length and section center of gravity.  Summing the 
products with the respecti/e material moduli of elasticity 
gives the total section axial and bending ttiffnesses and the 
neutral axis. 

The section properties were introduced into the contractor's 
standard dynamic analysis machine programs, and natural 
frequencies and dynamic bending moments were predicted.  Blade 
total weight and balance characteristics, centrifugal load 
distributions, and static bending moments and deflections were 
determined by ccmputer integration of the section weights, 
centers of gravity, and stiffnesses.  Plane section stress 
analysis was used to predict flight stresses and fatigue margins 
of safety. 

Designing to section properties approximating those of the 
current blade ensures dynamic and structural behavior similar 
to that blade, so that fatigue lives will be comparable.  Thus, 
the critical edgewise and torsional stiffnesses are specified 
to have the san.e values as those of the current blade.  Other 
parameters, such as static deflection and centrifugal force, 
were calculated for the current blade by using the contractor's 
computer programs, and then were incorporated into the design 
specification.  The specification thus allows comparison of 
the candidate concepts and the current blade on the same 
analytical basis. 

RELIABILITY AND MAINTAINABILITY CRITERIA 

The program plans for the reliability and maintainability 
evaluations, respectively, and for the incorporation of 
reliability and maintainability criteria into the preliminary 
designs are presented in Appendixes II and III. 

The reliability of the candidate design concepts was examined 
using the known history of the current UH-1H main rotor blades, 
as expressed in Table D-I of Reference 1.  For the design 
specification, those areas exhibiting the highest frequency 
of inherent failures were required to be minimized.  Vulner- 
ability criteria were specified in the same way, those areas 
most susceptible to external damage being required to be 
minimized.  It was also possible to specify that materials 
susceptible to certain types of damage, such as corrosion, 
dents from minor impact, moisture absorption, and similar 
specific traits, be avoided wherever possible. 

The maintainability criteria were specified such that all 
repairs could be performed in the field safely, successfully. 
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and within 
to perform 
damage even 
these crite 
skill level 
the 95th pe 
defined in 
these limit 
repairs are 

time limits such that less effort would be required 
each permitted repair than to scrap the blade. Any 
ts requiring repairs so extensive as not to meet 
ria would be cause for scrap.  The maintenance 
, mean time goal to perform each repair action, and 
rcentile maximum for all repair actions are all 
the design specification.  The effect of applying 
s will be to ensure that almost all allowable 
carried out, in preference to scrapping the blade. 

The design specification implies that the frequency and 
severity of damage events will be less for those designs that 
conform with it than for those that do not.  Conformity with 
the specification eliminates or reduces susceptibility to 
corrosion, wear, impact, and adhesive bond delamination. 

A failure modes and effects analysis was generated for the 
current blade, in accordance with the history given in Refer- 
ence 1, and then modified for each of the selected candidate 
concepts by adjusting for the known and anticipated charact- 
eristics of the materials and details of each concept.  The 
maintenance dispositions of the damage events occurring to 
the current blade were incorporated in the failure modes 
analysis, and similar dispositions were predicted for the 
candidate design concepts.  In this way, blades conforming 
with the specification could be compared with current opera- 
tional experience.  The choices of disposition were repair on 
aircraft, repair off aircraft, scrap, or no required action. 
The number of off-aircraft repairs must be minimize.4 because 
once the blade has been removed from the aircraft, the advan- 
tage of repair over scrap diminishes, depending on availa- 
bility of a replacement blade. 

Some damage occurrences require no action where a difference 
in wall thickness, material, or other design feature between 
the candidate concept and the current blade means that a dent 
or abrasion, for example, will have no significant structural 
effect within increased limits.  In addition, each of the 
candidate concepts is designed so that certain damage 
occurrences are eliminated entirely.  Delaminations cannot 
occur in a monolithic structural component replacing a built- 
up assembly, and nonmetals do not corrode. 

SURVIVABILITY CRITERIA 

Detectability criteria, the radar cross section and the acoustic 
signature, are simply specified so that the candidate concepts 
will be no more detectable than the current blade.  Design 
characteristics affecting radar return and noise level are 
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specified as limits referred directly to the external features 
of tho current blade. 

Survivability after a damage event, particularly combat damage, 
is specified in terms of crack propagation rates, fail-safe 
load paths, and crack arresters such as changes of modulus or 
thickness.  How well the selected design concept conforms with 
the specification will be determined by hardware testing in 
Phase III.  Even partial conformity with the design specifi- 
cations in this respect will result in an improvement over 
the current blade. 

FAILURE MODES AND EFFECTS ANALYSIS 

The approach to the reliability analysis of each design 
considered is presented in Appendix II, "Reliability Program 
Plan".  In outline. Tables D-I and H-I of Reference 1 were 
used to compile a theoretical collection of damage events, 
typified by damage cause or type, and to assign frequencies of 
occurrence to these events as experienced by the current 
UH-1D/H main rotor blade.  This compilation was then applied 
to each of the new concepts, making changes as dictated by 
new materials or types of construction.  The local-ion of each 
damage event was determined from the damage scenario for 
the externally caused occurrences, and from Table XIV of Ref- 
erence 3 for inherent failures. 

Dispositions (scrap, depot repair, or field repair) were deter- 
mined in accordance with Table H-I of Reference 1 for the 
current blade, and by the maintainability analysis for each of 
the concepts being examined.  These dispositions were then in- 
cluded in the computation of the overall failure analysis so 
that scrap and repair rates could be determined for each de- 
sign. 

Each repairable failure was investigated by a maintainability 
analysis, and times to repair, labor efforts required, and 
equipment and material requirements were generated.  These 
times, labor requirements, and material and equipment identified 
as repair kits were incorporated into the failure modes and 
effects analysis so that a complete accumulation of these 
elements could be made as an integral part of the failure 
analysis.  This computation could then be used to generate 
the overall 95th percentile maximum repair times, so that the 
failure and maintainability results could be checked against 
the design specification.  If the specified maximum was still 
exceeded after all practical design changes improving repair 
characteristics had been incorporated, then those repairs con- 
tributing the most time were eliminated and replaced by scrap 
actions, reducing the overall repairability of the concept. 
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The repair kit requirements and labor figures were also 
accumulated and averaged, so that the cost elements for use 
in the life-cycle cost analysis wero generated. 

LIFE-CYCLE COST ANALYSIS 

For each of the candidate concepts selected for further 
investigation, a manufacturing cost estimate was developed 
based on a production run of 10,000 blades. 
established the point on the learning curve 
labor man-hours, and the nonrecurring costs 
tool planning, design, and fabrication were 
this number of units.  The prototype costs, 
development, test, and engineering  (RDTE), are not included 
in the nonrecurring costs for purposes of life-cycle cost 
determination. 

This quantity 
for manufacturing 
associated with 
amortized over 
i.e., research, 

Tho initial cost was combined with the costs of maintenance, 
replacement, shipping, and attrition to give the total blade- 
related costs for the helicopter life cycle.  The cost model 
and computer flow chart by which these diverse costs are 
combined are shown in Figure 1. 

The cost model horizontally divides the cost elements into 
those associated with the. procurement of initial outfitting 
and replacement blades, including new blade price, container 
price, and shipping costs of blades and empty containers by 
sea or air as appropriate; and into those chargeable to labor 
and materials required to maintain the blades. The latter 
costs include inspection, repair, removal, replacement, 
alignment, and tracking, and form different combinations for 
repairs performed on the aircraft, off the aircraft but in the 
field, or at the depot. Because a major requirement of this 
development program is that depot repairs should be eliminated, 
the cost elements associated with depot repairs or depot scrap 
are not shown on Figure 1, but they were included in the com- 
putation of the life-cycle cost of the standard UH-1H blade. 
For the field-repairable/expendable concepts, all repair or 
scrap actions take place in the field. 

The cost model is vertically divided into the procurement cost 
of initially outfitting the fleet, initial spares procurement 
including containers, and the cost of blade repair support 
equipment and materials; the cost of replacements for blades 
scrapped, retired, or lost to attrition; and the cost of all 
maintenance actions including labor and materials. The length 
of the blade supply pipeline (the elapsed time between delivery 
of a blade from the factory and its availability at the using 
unit) is taken into account in the second division,where the 
number of replacements is adjusted up or down according to the 
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rate of replacement and the length of the pipeline. 

The basic equations used to generate the costs which make up 
the overall life-cycle blade costs are presented on pages 7 
through 12 of Reference 3.  One change has been made to allow 
the rate of retirement to vary according to the rate of scrap. 
This relationship is shown in Appendix II for the retirement 
of undamagod blades, while damaged but repairable blades are 
assumed to be retired when the cost of a repair exceeds the 
value of the remaining service life.  If the value of the life 
remaining is assumed to be directly proportional to the initial 
blade price and inversely to the allowable service life, and 
damage events are assumed to occur at a constant rate for 
the operational life of the fleet, the fraction of damaged 
but repairable blades retired is proportional to the average 
cost of a repair and inversely porportional to the price 0f 
a new blade. 

COMPUTER METHODS 

The contractor has two machine computation systems, both of 
which were used extensively during Phase I of this program. 

The contractor's standard machine programs using the large- 
capacity card-reading machine were used to generate section 
properties, natural frequencies, and dynamic bending moments. 
This system of hardware and software has been operational for 
several years and has been used successfully on many different 
development programs. 

To enable quick decisions to be made, of particular importance 
for preliminary design activity, the contractor's keyboard- 
input conversational time-sharing computer system was used. 
Standard programs in this system were used to determine 
weight and balance characteristics by integration of section 
properties, and to determine stresses from the dynamic 
bending moments.  The first of these programs takes advantage 
of the conversational feature of the system to make theoretical 
adjustments to the blade balance until the specified balance 
parameters are met.  The system allows these changes to be 
made immediately. 

Two special programs were written for the conversational 
computer system.  The first of these covers the failure modes 
and effects analysis, incorporating the results of the main- 
tainability analysis so that repair times and kit use can be 
summed and averaged.  This program also produces the 95 
percentile maintenance times in its output.  The conversational 

10 

 »'»^—"•"-" ■ _ ..... ....a..i. nun inn ■  i «Min 1—I J 



'^^^^w* mmmmi^. 
•  • mmmm IIVUIHIII1WII II, I      llllll llill 

UJ 

z 
< 
5 

\i 

.tv 

/ 

>*:' ^ 

rr 
u-1 

•I u 

\ 

if. 

i 
"'V. 

, 
1 (i 

,*UJ n 
1 I*" ■1 r1 

•1 ^ 
1 • 

Na l!' 
«t'" UJ 
.'I.I > 
T   j »~ 

^5 
u'o'n 

N- 
cr 

.^ 

4       1  

_ i.       < 

i ^ i 

151 

■1 r'"^. 
!j i       ILJ 5         u 

iw t^» i     M 
5^ i,-. 
1- UJ Iii. Ul1 

*u* fj 
, .it »u 

v-;f ">,.' •t 

r^ — ̂ r^!< 

CO 

S 

a. a. 

UJ o 

uJ ^ > - 
o o 

a 

I 
UJI/) 

si 

r\ 
^y 

I« 
UJ 

I 
UJ 

,5 
X*- 

^s 

—t- 

« 
4t- UJ 

Q < ^^ 
UJ?, ä 
d^ >-</> 
h* UJt~ 
V»  tS" UJU) 

f» ^8 
-^ i 
<i 
rJl 1 r 

/^ 

<UJ 

ii ■ ■mi mrt^lliiiiM -    -  —-■ i  



feature of the system here allows repair actions to be re- 
placed by scrap actions until the specified maximum time is 
reached or passed below.  The second special program generates 
life-cycle costs, using the flow chart shown in Figure 1, 
from the failure modes and effects computation and the 
estimated manufactured price of a new blade.  This program is 
set up so that the sensitivity to significant parameters such 
as procurement cost, field repairability, and failure rate, 
can be rapidly obtained.  Any of the input variables can be 
manipulated as required, so that sensitivity to other parum- 
eters,  such as supply line elapsed time and allowable service 
life, can also be obtained. 

The conversational time-sharing computer proved to be a 
valuable tool for preliminary design, because of its ability 
to provide immediate processing of input variables.  In 
technical areas, it was possible to balance the blade concepts 
by making rapid adjustments to theoretical representations of 
blade tip weights, and to eliminate repetitive and tedious 
hand calculations by writing simple programs, such as that to 
obtain stresses at many points on many sections of each blade. 
For operational analysis, the programs for failure modes and 
effects and for life-cycle costs greatly reduced turnaround 
time for determining trends and increased both the number of 
parameters which could be varied and the range of those 
variations. 

Preceding page blank 
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CANDIDATE DESIGN CONCEPTS 

At the outset of the program, many diverse types of construc- 
tion and combinations of materials were examined.  The poten- 
tial for achieving the reliability, maintainability, and cost 
goals were evaluated for each of these concepts and those 
specific design features exhibiting the greatest potential 
were selected and combined, as appropriate, into a reduced 
number of concepts, which were then analyzed for technical and 
operational characteristics by the methodology presented above. 

Twenty-two separate and distinct concepts are presented in 
References 2 through 6.  Some design features are common to 
two or more of these concepts, and at least one combination of 
major features is repeated, but with significant differences 
in detail. 

The 22 concepts examined in the references have the following 
basic blade sections; 

a. One-piece extruded aluminum alloy spar, glass-fiber- 
reinforced aft skins, aluminum honeycomb aft core, and 
extruded aluminum alloy trailing-edge spline (Reference 
2, Configuration V). 

b. Glass fiber reinforced aft skins, but otherwise unchanged 
from the current UH-1H blade (Reference 2, Configuration I) 

c. Narrow chord titanium spar, glass-fiber-reinforced-plastic 
aft skins, titanium spline (Reference 2, Configuration II). 

d. One-piece extruded aluminum alloy spar with integral root 
buildup, glass-fiber aft skins, aluminum alloy spline 
(Reference 2, Configuration III). 

e. Unidirectional glass-fiber-reinforced-plastic spar and 
spline, glass-fiber aft skins (Reference 2, Configuration 
IV). 

f. All-aluminum alloy blade with one-piece extruded spar 
(Reference 3, Design 1). 

g. Stretch-formed stainless-steel sheet three-piece spar, 
drawn stainless-steel nose ballast, glass-fiber-reinforced 
aft skins, polyamide paper honeycomb aft core, unidirec- 
tional glass-fiber-reinforced-plastic spline (Reference 3, 
Design 2). 
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h. One-·piece extruded aluminum alloy spar, glass-fiber-rein­
forced-plastic aft skins, sheet aluminum shear web on 
chord plane, polyamide paper aft cores, extruded aluminum 
spline {Reference 3, Design 3). 

i. Extruded aluminum alloy spar, extruded aluminum alloy aft 
section (Reference 3, Design 4). 

j. Aft fairing sectionalized into short, bolted-on boxes, but 
otherwise changed only as necessary from the current UH-lH 
blade (Reference 4, Figure 14). 

k. Sectionalized glass-fiber-reinforced-plastic aft fairing, 
glass-fiber-reinforced-plastic spar, bolted removable 
leading-edge member (Reference 4, Figure 15). 

1. Four-component bolted spar with sectionalized aft fairing 
(Reference 4, Figure 16). 

m. Wraparound steel tube spar with sectionalized aft fairing 
(Reference 4, Figure 17). 

n. Extruded aluminum spar, bolted removable leading edge 
sections, sectionalized aft fairings bolted in place 
(Reference 4, Figure 18). 

o. As (n), but sectionalized ~ft fairings bonded in place 
(Reference 4, Figure 19). 

p. Two-piece extruded aluminum alloy spar, glass-fiber-rein­
forced-plastic aft skins, aluminum honeycomb core, glass­
fiber-reinforced-plastic trailing-edge spline (Reference 
5, Configuration I). 

q. Three-piece spar of stainless steel and aluminum sheet, 
aft section and spline as (p) (Reference 5, Configuration 
II) . 

r. Glass-fiber- and carbon-fiber-reinforced-plastic spar, aft 
section and spline as (p) (Reference 5, Configuration III) • 

s. Glass-fiber- and carbon-fiber-reinforced-plastic twin­
beam spar, aft section and spline as (p) (Reference 5, 
Configuration IV) • 

t. Spar as (s), integrally supported carbon-fiber- and glass­
fiber-reinforced-plastic aft skin produced by pultrusion 
process, carbon-fiber-reinforced-plastic spline (Refer­
ence 5, Configuration VI). 
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u. Spar as (p), pultruded integrally supported glass-f ~beL · 
reinforced-plastic aft skins, glass-fiber-reinforced­
plastic spline (Reference 5, Configuration VI). 

v. Multispar construction utilizing a series of filament­
wound glass-fiber-reinforced-plastic tubes enclosed in a 
filament wound glass-fiber-reinforced-plastic skin, with 
other structural and mass elements in the interstices 
between tubes (Reference 6). 

ther possibilities, including variations of the 22 concepts 
c bove, include the following: 

w. As (v), with high-modulus fiber filament-wound skins for 
added torsional stiffness. 

x. Multicell structure formed from glass fibers or advanced 
fibers laid up on mandrels, loaded with resin, and cured 
in a mold. This type of construction can h3ve many 
variations in materials used, fiber orientation, resin 
impregnation processes, final contour mold, and the 
proportion of automated procedures to manual labor. 

y. Combinations of metal structural members (spar and, 
possibly, spline ) and molded reinforced-plastic contour. 
This hybrid construction can have as many variations as 
(x) abov . (Reference 7 provides one example.) 

z. Various types of wooden construction, which may or may 
not incorporate metal or plastic. 

FABRICATION CONCEPTS 

The different methods of component fabrication used above can 
be divided into eight general groups: extruded metal, formed 
sheet metal, molded resin-impregnated glass or high-modulus 
fibers, molded wet laid-up fiber reinforced plastic, filament­
wound fiber-reinforced plastic, precured resin-impregnated 
glass cloth, pultruded fiber- re inforced plastic, and carving 
to shape. 0ther fabrication techniques are possible 1 of 
course, and some of the component manufacturing methods 
applied above do not fall readily into any of the eight cate­
gories. The carved honeycomb (either metallic or organic) 
utilized by most of the above concepts, to support the aft 
skins, uses a technique which is otherwise applicable only to 
wood. 

Of the methods of spar fabrication investigated, those pro­
duced by extrusion or pultrusion preclude variation of cross 
section along th€ span of the blade. These techniques are 
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not applicable to advanced-geometry blades which have tapered 
thicknesses, chord lengths, or otherwise changing contours, 
except where the extrusion is buried within a contour formed 
by other means.  Sheet metal can be formed by stretching to 
tapered shapes, but if rolling is used, the same restrictions 
apply as to extrusion.  All the molded concepts can have any 
desired contour configuration, and these, together with stretch- 
formed sheet metal, can be considered when advanced geometry 
is desired. The specific application of this program does not 
require variations in contour, but this limitation must be 
considered when the study results are generalized to include 
future Army helicopters of advanced aerodynamic performance. 

Most of the concepts above have a basic blade section made up 
of individual components, preformed, precut, or precured, and 
bonded together in the final assembly operation.  Concepts 
(v), (w), (x), and (y) above propose that the plastic be 
cured in the final mold, forming a one-piece structure.  Some 
prebonded subassemblies, particularly for (y) where metal 
structural components are incorporated, may be used. 

The sectionalized blades, (j) through (o) above, are assembled 
with a combination of adhesive and mechanical joints. The 
mechanical joints are designed for disassembly so that damaged 
sections of the blade can be individually replaced. 

The root reinforcement hardware required to carry the blade 
retention loads into the hub is incorporated in several 
different ways.  The most basic is that in which the 
additional strength necessary at the root is provided 
integrally with the spar as a local increase in the cross 
section.  The stepped extrusion described in (d) provides an 
example, as does the spar shown in Reference 7.  In the molded 
plastic construction methods, a possible solution is to bury 
sheet-metal laminae in the fiber and resin layup, providing 
the bearing strength necessary for the load paths to the 
retention pins.  The most common solution, which adds manufac- 
turing steps in itself but considerably simplifies fabrication 
of the basic blade section, is the use of external reinforce- 
ment consisting of upper and lower metal grip fittings, and 
usually sheet-metal doublers, to collect and concentrate the 
blade loads. This reinforcement may be installed by a bonding 
operation subsequent to the assembly of the basic blade, or 
at the same time in the so-called "one-shot? final bond. 
Other root retention concepts involve wrapping the rein- 
forcing fibers of plastic spars around a strong metal struc- 
ture, proposed for (v) and (w) above, and of wrapping the 
metal spar itself around a metal fitting, as in (m) . 
Compatibility with a practical root retention is an important 
consideration in the choice of the basic blade section concept. 
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The attachment of the tip hardware is also a significant con- 
sideration. A tip closure must be provided, and balance 
adjustment provisions must be made, since the tip is the most 
effective accessible area for such an adjustment.  Consequently, 
structural hard points must be available that are capable of 
carrying several pounds of mass in the very high centrifugal 
force field existing at the tip. This requirement does not 
present a serious problem in blades constructed with thick 
metal spars of relatively high bearing strengths, but the use 
of composite materials necessitates special, and often expen- 
sive, treatment of the tip configuration. 

MATERIAL CHOICES 

Material selections for concepts (a) through (z) above 
range from steel and titanium to organic honeycomb, foam, and 
wood.  In structural applications, for spars and trailing-edge 
splines, metals have greater bearing strengths and shear stiff- 
nesses than most fiber-reinforced plastics. These give an 
immediate advantage in the provision of root and tip attachment 
hard points, and for those blades where the spar forms a large 
torsion box, in torsional stiffness.  However, reinforced 
composites generally display greater damage tolerance and 
therefore improved survivability, and may also provide better 
repairability. Wood has been used in the past for major 
structure because of its ease of shaping and its virtually 
limitless fatigue life at moderate stresses which results in 
conditional repair or replacement.  Man-made materials are now 
preferred because woods vary considerably in density and 
strength within any given species, because wood is hygroscopic 
and absorbs and expels moisture depending on the ambient rela- 
tive humidity if not well sealed, and because woodworking 
involves much hand work not suitable for öeries production. 
The availability of aircraft-grade lumber is limited and may 
become costly. 

For the spar, repairability is a less important consideration 
than the technical requirements and the needs for damage 
resistance and tolerance.  As was discusred in the design 
specification approach, the skill level and elapsed time 
limitations render structural repairs by replacement of highly 
stressed material undesirable, if not unsafe.  With repairs 
limited to blending of nicks and scratches, the choice between 
metals and fibrous composites depends on other considerations, 
such as damage resistance, damage tolerance, structural require- 
ments, and material and fabrication costs. Metals, in the 
thicknesses required for rotor blade spars, are generally more 
damage resistant (i.e., a given incident produces less damage) 
but less damage tolerant (i.e., a given amount of damage 
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produces a  failure more quickly) than composite materials. 
Material costs generally favor metals, which range from 
aluminum as least expensive, to titanium, while composites 
range from F-glass-epoxy to boron, carbon, and high-modulus 
organic fibers. These two ranges have a wide overlap, so that 
E-glass-epoxy is considerably less expensive than titanium, 
for example. Fabrication cost depends on the proportion of 
automated processes to hand work, favoring extruded metal and 
filament-wound or pultruded composite materials. The primary 
technical consideration is that of torsional stiffness.  High 
torsional stiffness, equivalent to that of the current UH-1H 
blade, is easily provided by a metal spar, even without sig- 
nificant contribution from the aft skins. The low shear 
modulus of the plastic matrix prevents the attainment of ade- 
quate shear stiffness with the fibers oriented parallel to 
one another, so that a significant proportion of the reinforcing 
fibers must be laid up at a large angle to the span axis. 
These fibers then contribute much less effectively to the 
bending stiffness and axial strength.  Figure 2 shows the 
effect of fiber orientation on axial and shear stiffness, and 
shows that the latter can be achieved only at the expense of 
the former.  High-modulus fibers will allow high stiffnesses 
in both senses, but at a considerable increase in cost. 

Because of this torsional stiffness question, it appeared 
desirable to use a metal spar, because the program goals 
would not be directly affected by this material choice.  If a 
composite spar were used, the risk would be introduced of the 
program's being diverted to technical development involving 
extensive dynamic analysis and testing, rather than developing 
the reliability and maintainability methodology. As techniques 
and materials are improved and reduced in cost, a blade of all- 
composite construction may become cost effective within the 
program guidelines, but at this time, further development 
is required.  Although each of the candidates was examined 
in detail, this general consideration eliminated composite 
spars from further consideration. 

Rotor blades manufactured entirely of nonmetallic materials 
may have a decided advantage in combat situations where 
detectability by enemy radar equipment presents a hazard. 
Metals reflect much more of the radar energy than do nonmetals, 
which are largely transparent to it.  In any development pro- 
gram intended to achieve minimum detectability for a helicopter, 
the radar cross section of the blades must be considered, and 
the most direct approach is to eliminate metal components from 
the blade to the maximum extent possible. A more complex, 
but less effective, method is to hide any metal members (the 
spar, for example) behind radar-absorbing and attenuating 
material.  However, this program does not have reduction of 
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detectability as a primary objectivo, the goal being the 
levelopment of new techniques and methodology for improved 
iraintainability and reliability, and reduced life-cycle costs. 
Requirements reyardinq both radar and acoustic detectability 
are therefore not major. With respect to radar detectability, 
the requirement is that the cross section be no greater than 
that of the current UH-lH blade. A similar requirement applies 
to acoustic detectability, so the ability to form exotic 
tip shapes is not needed.  Since an improvement in these 
characteristics is not a program goal, the certainty that a 
metal spar can meet the structural requirements of torsional 
stiffness and root and tip attachments offers the minimum 
risk program and becomes the overriding consideration. 

Because of the expendability criterion, the more expensive 
metals such as titanium were eliminated from consideration for 
the spar.  Expensive operations, such as those involving ex- 
tensive material removal, were also eliminated.  The choice of 
spar material thus was narrowed down to extruded aluminum or 
formed stainless-steel sheet.  Extruded aluminum has a cost 
advantage, while stainless steel is less susceptible to 
corrosion and abrasion. For equivalent strength and stiffness, 
the walls of the aluminum extrusion are about three times the 
thickness of the stainless-steel sheet, so that impact resis- 
tance favors aluminum. 

With a metal spar whose outer surface forms the forward con- 
tour of the airfoil section, leading-edge protection needs to 
be provided only against sand and dust abrasion. Rain erosion 
has no significant effect on metal leading edges. Stainless 
steel itself is a satisfactory protective material, so that 
the stainless-steel sheet spar needs no added protection.  The 
aluminum spar has thick walls which can withstand a large 
amount of material loss, particularly near the tip where most 
abrasion occurs, before becoming structurally hazardous, while 
the rate of weight loss is approximately equal to that of 
stainless steel.  The dimensional material loss is approximately 
three times that of stainless steel, so that contour degrada- 
tion may become a problem, causing a drop in aerodynamic 
performance. An aluminum spar may need to be protected against 
sand and dust abrasion for the last reason.  Possible leading- 
edge protection materials include stainless steel, cobalt 
alloy, and polyurethane. The high-strength metal alloys have 
thermal coefficients of expansion such that special treatment 
must be used when bonding them to the blade so that built-in 
stresses and distortion do not occur during cooling. The 
thickness of the protective metal must be great enough that it 
does not wear through to the adhesive layer.  If this occurs, 
the thin metal may peel back, with a result much worse than 
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unprotected aluminum. Current investigations indicate the 
possibility of replacing metal leading edges at the using 
unit level, but this concept is not as yet proven feasible, so 
the thickness must be sufficient to last for the full opera- 
tional life of the blade. Polyurethane is impervious to sand 
abrasion, but it expands laterally under raindrop impact, creating 
shearing forces in the adhesive bond, which may fai].  In- 
creasing thickness of the polyurethane sheet reduces this 
effect, but it increases the centrifugal load per unit area of 
adhesive.  These effects make it impossible to ensure survival 
of a polyurethane abrasion sheath for the full operational 
blade life, so the adhesive must be selected so that the 
sheath can be stripped and replaced in the field before com- 
plete failure of the bond. 

The aft skins and core are secondary structure and, because 
they comprise more than half the planform area of the blade, 
suffer the majority of the damage, particularly that defined 
in the damage scenario. Consequently, the aft skins must be 
designed to have maximum repairability.  Thin metal skins 
cannot be patched readily, without creating stress concentra- 
tions both at the edges of the patch and the edges of the 
hidden damage.  The potential for further failure cannot be 
avoided.  On the other hand, experience with patches on fiber- 
reinforced-plastic skins has been good, both because of the 
relatively low modulus and therefore low stresses, and be- 
cause of the slow crack growth rates.  Weight for weight, 
reinforced plastic is thicker than aluminum, so its 
impact resistance is enhanced.  In all-composite blades, the 
skin car not be treated quite so simply, because the skins will 
carry a greater proportion of the blade loads, particularly if 
the aft section is required to contribute significantly to 
the torsional stiffness. The total area which may be patched 
before appreciable structural degradation occurs will be 
reduced compared to designs using aluminum or steel primary 
structure.  Skins using high-modulus fibers have been proposed, 
but experience to date indicates high cost and apparently low 
impact resistance.  A filament-wound composite skin using a 
high-modulus organic fiber (PRD-49) is under development, and 
shows promise of extremely high abrasion resistance and good 
impact resistance, as well as contributing the torsional 
stiffness lacking in all-composite primary structure.  The 
cost increase is moderate, at approximately $500 per skin set. 

For the aft core, the plastic foams so far developed are 
unsatisfactory in the densities acceptable for use in the aft 
section.  Under the continual periodic flexing of the blade, 
these materials tend to break up.  Balsa wood can be used, but 
it suffers from the deficiencies outlined above for woods in 
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general.  The remaining choices are various forms of bonded 
honeycomb made from either thin aluminum alloy sheet or poly- 
amide paper.  The latter is slightly more expensive, but it is 
easier to work, reducing scrap and fabrication costs, and is 
more resilient, so equal damage to the «?kin results in 
less damage to the polyamide core than to the aluminum core. 
Because of its resilience and ease of handling, polyamide 
paper can be used in densities lighter than aluminum foil, 
easing the design constraints from balance requirements on 
the blade as a whole.  Unless impermeably sealed, aluminum 
foil is subject to corrosion, which does not affect the non- 
metallic paper.  Metal foil inside nonmetal skins is an 
unfavorable combination in the event of a lightning strike, 
since the foil may explode, causing severe damage. The poly- 
amide paper, being a nonconductor as well as the skins, 
merely melts.  For all these considerations, the choice of an 
aft section core material is limited to polyamide paper honey- 
comb at its lowest available density. 

Since these blades must fly on a two-bladed teetering rigid- 
in-plane rotor, the in-plane natural frequencies and therefore 
stiffness are of prime importance.  The trailing-edge spline 
is a primary structural member, subject to the same repair 
limitations as the spar.  The choice of spline material is 
dictated by technical and manufacturing considerations. 
Ideally, for compatibility of thermal contraction after bonding, 
the spline should be of the same material as the spar. This is 
satisfactory with aluminum, but a steel spline would be too 
small outboard to provide adequate surface area for bonding 
to the skin.  Hence with a stainless-steel opar the spline 
will be of unidirectional glass-fiber-reinforced plastic, 
whose thermal coefficient of expansion is close to that of 
stainless steel.  These combinations, aluminum with aluminum 
and stainless steel with unidirectional glass-epoxy, will 
avoid the necessity for straining components during final 
assembly to avoid locking stresses in during cooling. 

PRELIMINARY EVALUATION AND FURTHER SELECTION 

Concepts (a) through (z) above have been examined with respect 
to the reliability, maintainability, cost, and technical 
characteristics of fabrication techniques and materials. 
Individually, these preliminary evaluations are listed below. 

a. This concept is a compromise arrived at in the design study 
of Reference 2,  and it represents the most cost-effective 
approach to a repairable blade. 
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b. The best feature of this concept, the reinforced plastic 
aft skins, was incorporated in (a). 

c. Tie titanium spar increases the repairable area, but it 
aHds unaccoptably to the cost. 

d. This concept has characteristics similar to those of (a), 
but the stepped extrusion providing the root end integral 
with the spar is more expensive than the laminated buildup. 

e. The composite material makes the spar unacceptably costly, 
according to the analysis of Reference 2, and the torsional 
stiffness is questionable. 

f. This concept is the least expensive of the expendable 
blades, but the aft section is neither damage resistant 
nor very repairable. 

g. This blade concept gave the lowest life-cycle costs of the 
four studied in Reference 3, but subsequent study showed 
that the stainless-steel spar was priced unrealistically 
low, and that the basic advantages lie with the repair- 
ability of the aft section, although the rugged spar is 
a contributor. 

h.  The chord-plane shear web is attractive because of its 
anticipated reduced vulnerability.  However, the extra 
pair of glue lines and the third sheet of material mean 
that the external skins have to be very light to maintain 
section balance.  Through damage is unrepairable. 

i. The thin-walled extruded aft section is extremely expen- 
sive, if not impossible to obtain. 

j.  In common with the other sectionalized blades, the 
necessity for providing a solid trailing-edge spline, for 
in-plane stiffness, forces the cost of the removable aft 
section pockets and the accompanying fastener provisions 
to go so high that tie concept is not cost-effective. 

k. Again, the sectionalized approach is not cost-effective, 
and the all-glass-fiber-reinforced-plastic construction 
may give difficulty in meeting dynamic requirements. 

1. This concept was abandoned from the study in Reference 4 
because of its complexity. 

m.  In addition to the inherent disadvantage of the sectional- 
ized approach, a seamless tube more than twice the length 
of the blade is currently impractical. 
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o. 

Although simplified from (j), this version of the section- 
alized blade iR  not cost-effective. 

Using bonded attachments, the cost and complexity of the 
blade are reduced, but the replaceability of the aft boxes 
suffers to the extent that (n) is preferred. 

This concept is similar to (a), but the spar can be a one- 
piece extrusion to reduce cost, while the degree of re- 
pairability available at the spline does not justify the 
use of fiber-reinforced plastic. 

The acquisition cost of the three-piece sheet-metal spar 
is slightly higher than that of (p) , while the vulner- 
ability and repairability remain approximately the same. 

The cost and torsional stiffness objections to a composite 
spar apply to this blade, although Reference 5 suggests 
that costs will become competitive by 1980. 

s.  Again, the cost and stiffness questions do not appear to 
be adequately answered. 

r. 

t.  The pultrusion process, when fully developed, ray reduce 
costs, while the use of high-modulus carbon fibers in 'he 
skin may provide adequate stiffness-  These developments 
are not expected during the time frame of this program. 

u.  This is similar to (p) in characteristics, and the pul- 
truded skins may reduce costs sufficiently to offset the 
anticipated increase in spar extrusion costs.  Again, 
this is a future development not ready for this program. 

v.  This is a very interesting concept because of its evident 
survivability after ballistic damage.  However, the 
torsional stiffness is inadequate, and the design of the 
root retention must be complex and expensive because of 
the necessity for attaching a multitude of basic struc- 
tural members.  Through damage is probably unrepairable 
because almost all of the planform encloses primary 
structure.  The unusual internal configuration would 
require special tools for patch procedures.  The filament 
winding process is highly automated and inexpensive, 
so the basic blade section is relatively inexpensive, 
but the costs of the root and tip must yet be defined. 
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w. The use of high-modulus organic fiber in the skins re- 
stores adequate torsional stiffness, as well as increases 
damage resistance.  However, development of this concept 
has notf'yet progressed to a point where the basic goal of 
the program, that of determining reliability and main- 
tainability design methodology, can be met with the cer- 
tainty that an extensive technology development diversion 
can be avoided. 

x. The varieties of this concept all leave the basic torsional 
stiffness concern unanswered. Material costs are higher 
than those of aluminum, although it is possible that auto- 
matic processing can reduce fabrication costs. 

y.  The metal structural members provide hard points at root 
and tip, and add torsional stiffness, but the production 
cost adds that of the metal-forming technique to that of 
the fiber impregnation, layup, and cure. This may be a 
relatively inexpensive and reliable way to achieve ad- 
vanced geometry in the near future. 

z. The objections to wood in series production have been out- 
lined above. 

In the light of the foregoing evaluation of possibilities, the 
selections of materials and fabrication techniques became as 
follows: 

Spar: Extruded aluminum, or stretch-formed stainless-steel 
sheet to provide the possibility of advanced geometry. 

Leading-Edge Abrasion Protection:  Bare metal, or removable/ 
replaceable polyurethane. 

Leading-Edge Ballast:  Integral with the spar. 

Aft Skins:  Glass-fiber-reinforced plastic, or high-modulus 
organic-fiber-reinforced plastic, with fibers oriented for 
shear, rather than axial, stiffness. 

Aft Core:  Polyamide paper honeycomb. 

Trailing-Edge Spline:  Extruded aluminum with the aluminum 
spar, or unidirectional glass-fiber-reinforced plastic with 
the stainless-steel spar. 

Root Reinforcement:  Built-up laminations, with materials 
sr 1 acted for compatibility with the basic blade. 
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SELECTED DESIGN APPROACHES 

From the foregoing discussion and evaluation, twelve different 
design variations were selected for further investigation. 
Detail drawings, manufacturing cost estimates, technical 
analyses, operational analyses covering failure predictions 
and maintainability estimates, repair schemes, and life-cycle 
costs were developed for these concepts.  For some of these 
analyses, the twelve concepts could be divided into fewer 
subgroups in which all the design features relevant to a 
particular analysis were alike.  However, each of the twelve 
concepts represents a different combination of'manufacturing 
cost, reliability, repairability, and technical characteristics, 

The significant design features of the twelve concepts, to- 
gether with their unit prices estimated both for mid-1971 and 
mid-1976, are presented in Table I.  Figures 3 through 9 
present the general arrangements of the basic families of 
these concepts, and typical sections through their respective 
structures. 

CHOICE OF FABRICATION TECHNIQUES 

Standard industry practice uses adhesive bonding to assemble 
the blade.  As developed over the years, this has become by far 
the most Vilely used method of obtaining a reliable rotor 
blade.  Stress raisers, such as are created by mechanical 
fasteners, are avoided, an essential feature of any structure 
intended to operate in a high-fatigue-loading environment. 
Other methods of joining, such as brazing ,   soldering, and 
welding, have been used, but structural adhesives have now 
been developed to a point where the other methods show no ad- 
vantage.  Utilizing contractor and general industry experience, 
adhesive .bondinc; will be used, throughout the blade. 

Methods of fabrication of major structural details are crucial 
in determining the blade price. For the main spar, which the 
previous section shows should be metal, the choices of forming 
methods are extrusion, rolling, or stretch-pressing. Of the 
three, the first is the least expensive, while the third pro- 
vides the only opportunity to vary the section shape along 
the span.  Because of the tolerance on blade twist, the full 
cost advantage of extrusion is not realized, because the 
solid spar must be twisted, in a stretch press, before bonding. 
Sheet-metal spar components, and all the other spanwise blade 
components, have little torsional stiffness,  so the final 
bonding fixture will set the twist, which becomes locked in 
when the torsion cells are closed.  However, an extruded 
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aluminum spar retains a cost advantage over stainless-steel 
sheet. 

For the remaining blade components, the discussion in the 
previous section has eliminated most options.  The skins will 
be precured, the core will be carved to contour (one or both 
sides) by standard techniques, and the trailing-edge spline 
will be either extruded and machined, or molded to shape. 

A choice of fiber layup methods for the skin is available, 
using either preimpregnated cloth or filament winding.  The 
latter is suggested for use with advanced fibers, where the 
availability of preimpregnated fabrics is limited.  Filament 
winding is a highly automated procedure which shows promise 
of reducing the cost of skins using any fiber, including 
glass, in future applications. 

The root reinforcing doublers should be designed so that they 
all have the some outboard planform so that costs can be 
saved by routing them as a stack, or stamping them out with a 
single blanking die.  In large quantity production this ad- 
vantage is small, affecting primarily the nonrecurring costs, 
but the technical advantage of using dissimilar planfcrms is 
negligible.  Thick aluminum doublers will have to be formed 
to contour before bonding, because the bonding pressure will 
not be enough to bring them down and the locked-in stresses 
in the adhesive layers would be undesirable, but the relatively 
thin stainless-steel doublers will drape to the contour under 
light pressure. 

CHOICE OF MATERIALS 

The choices of fabrication processes and of materials cannot 
be made independently of one another, and the general selections 
of both were made in the discussion above.  However, the choices 
of specific alloys, adhesive formulations, glass fabrics, and 
other details must be made to conform as closely as possible 
with the requirements of the design specification and fabri- 
cation techniques. 

For the extruded spar, 6061 alloy in the T651 condition 
(solution heat-treated and artificially aged, stress-relieved 
by stretching) is selected.  This alloy has relatively low 
yield and ultimate strength, but it is one of the most easily 
extruded alloys, has good fracture toughness, and has a fatigue 
endurance limit comparable with that of the harder alloys.  Its 
resistance to environmental and stress corrosion compares 
favorably with that of other commonly used aluminum alloys. 
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For the sheet metal spar, AISI 301 stainless steel wr.s chosen, 
primarily because of the considerable backlog of industry 
experience in the use of this alloy for helicopter rotor blades. 
The sheet would be procured in the '»-hard to *s-hard condition, 
ths hardness being determined by the necessity to form the 
minimum bend radii.  The strength will increase locally due 
to work-hardening during forming, but the yield and ultimate 
strengths remain low in comparison with other steels.  301 
alloy is one of the most successful materials used for corro- 
sion and abrasion protection of rotor blades, exhibits good 
fracture toughness, and has good fatigue strength provided 
the sheet edges are carefully treated to eliminate microscopic 
machining cracks. 

Both of these choices of spar material exhibit low yield and 
ultimate strengths in comparison with other alloys of the 
same base metals, but because the design concepts use a 
relatively heavy spar to provide chordwise section balance, 
static stresses are low.  Other design criteria become 
dominant. 

For the aft skins, the primary choice is preimpregnated glass 
fabric.  For shear stiffness, a major proportion of the glass 
fibers have to be laid up at 45° to the blade axes.  Glass 
fibers are available in two grades, E and S, the latter having 
higher modulus and strength but considerably higher cost than 
the former.  The cost difference was much more significant than 
the structural advantages, in the context of this program, so 
E-glass was chosen.  The basic structure of the skin consists 
of two layers of unidirectional glass fabric laid up perpendi- 
cular to each other and at + 45° to the blade span axis.  These 
layers are each .0075 inch thick for a combined thickness of 
.015 inch.  The two unidirectional layers are sandwiched be- 
tween two layers of square-woven glass cloth, which serve to 
hold the skin assembly together, easing handling problems in the 
cured sheet form and providing a slightly more rugged surface 
in operation. Each of these surface layers is .004 inch thick, 
giving the skin a nominal total thickness of .023 inch.  Weight 
for weight, this is approximately equal to .016-inch-thick alum- 
inum alloy. 

The secondary choice of skin material is a filament-wound wet 
layup using a recently developed advanced organic fiber with 
the trade name PRD-49.  This fiber has excellent tensile 
characteristics, both modulus and strength, and demonstrates 
excellent abrasion resistance.  A serious drawback, which 
originally prevented widespread acceptance of this fiber, is 
a negative coefficient of expansion.  When the fibers are used 
as one element of a composite material using a heat-curing resin 
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system, this characteristic results in locked-in internal 
stresses (compression in the fibers, tension in the resin) 
after cooling. This problem is compounded by the poor 
compressive strength of PRD-49. The locked-in stresses and 
associated strain energy mean very poor impact resistance 
although the fibers themselves are extremely resilient and 
tough.  Recently-developed resin systems combined with filament 
winding which pre-tensions the fibers have largely eliminated 
the problem of locked-in stresses.  The cost of these new 
processes and materials is not well defined, but it is expected 
to approximate an increase of $500 in price per skin set 
in quantity production. 

For the aft core, a honeycomb formed of polyamide paper sheet 
("Nomex" is a trade name for the material) was chosen rather 
than the next most practical alternate, aluminum honeycomb. 
Although slightly higher in price, the polyamide honeycomb 
has a number of advantages.  Technically, because it is less 
flimsy, it can be handled at lower densities than aluminum, 
facilitating blade balance; in manufacture, it conforms to 
contour more readily without cell walls buckling, and it has a 
lower scrap rate because of its ease of handling; and in 
operation, it will not corrode, is less severely damaged by 
lightning strikes, is more resilient and therefore more dent- 
resistant, and is expected to be more easily repaired.  The 
core material chosen for all the concepts is hexagonal honey- 
comb of polyamide paper, with 1/8 inch cell size and 1.8 
Ib/cu  ft  density. 

The material of the trailing-edge spline is chosen for thermal 
contraction compatibility with the material of the spar.  On 
cool-down after bonding, if the spline contracts by an amount 
significantly different from that of the spar, built-in strains 
will result, and the blade will probably be warped.  This 
effect can be avoided by straining the components during the 
bond cure cycle, which adds cost and complexity to the bonding 
fixture and increases the labor required, or by minimizing the 
differential contraction.  The latter approach is obviously 
preferable.  Consequently, for those concepts having aluminum 
spars, aluminum trailing-edge splines are also selected.  The 
same considerations apply to the spline as to the spar, so that 
6061-T651 is again chosen. 

The high density of stainless steel complicates the choice of 
spline material for those blades having stainless-steel spars. 
To provide favorable section balance, the spline would have 
to be so small in section that too little surface area would 
be available for bonding to the skins.  The chosen alternative 
is to use unidirectional glass-fiber-reinforced plastic, which 
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has a coefficient of thermal expansion close to that of stain- 
less steel, and only one quarter of the density. To minimize 
section balance problems without compromise to inplane stiff- 
ness and strength requirements, F-glass is chosen in spite of 
its higher cost than E-glass. To provide a chordwise tie for 
the spanwise filaments which are otherwise held together by 
resin only, a single ply of square-woven cloth is buried on the 
chord plane.  This layer is extended aft beyond the trailing- 
edge trim line, providing a tab to hold the spline against 
slipping forward under bonding pressure. The skins can be 
brought back to the trailing edge, so the spline is a simple 
triangular shape rather than a keystone. 

The choice of materials for the root reinforcement is based on 
those used in the current UH-1H blade, since the root area is 
virtually unrepairable in the field, except for simple blending 
operations; therefore, repairability is not a criterion. Techni- 
cally, the root reinforcement has to perform the same function, 
independent of the design of the basic blade section, so there 
is no reason to select different materials.  For compatibility 
with the stainless-steel spar, stainless-steel doublers were 
selected, of .012 inch thickness for weight equivalent to the 
standard .032 inch aluminum.  Because these relatively thin 
doublers will conform to the contour without previous forming, 
this material was also considered for two of the blades with 
aluminum spars, and prices were obtained for this combination 
(Concepts 9 and 10 in Table I). 

CHOICE OF AIRFOIL SECTION 

A significant part of the manufacturing cost of the blade con- 
cepts is in the machining of the aft core to the airfoil con- 
tour.  A considerable portion of this cost can be saved by 
simplifying the airfoil section to provide flat surfaces over 
the aft section enclosing the core.  The core then needs to be 
carved on one side only, and with straight cuts. The possibili- 
ties of such an airfoil are explored in Reference 3. 

The simplified airfoil is based on an NACA 0015 airfoil with 
a 16.8-inch chord, extended by straight lines tangent to this 
surface to give a total chord of 21.0 inches. The trailing-edge 
thickness is made the same as that of the standard 21.0-inch 
NACA 0012 section, so the tangent points are 8.87 inches from 
the leading edge. 

Technically, this simplified airfoil provides some advantages in 
chordwise balance, because the point of maximum thickness is 
moved closer to the leading edge.  More volume is available in 
the leading edge than in that of the standard section, and the 
aft section is thinner. 
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Aerodynamically, the significant parametric change is in the 
leading-edge radius, which is increased over that of the 
standard section. The effects of this change are examined in 
the technical section, of this report. The forward movement 
of the point of maximum thickness is not expected to have any 
significant effect on the center of pressure or on the lift 
curve slope. 

In Table I, the odd-numbered concepts have the modified air- 
foil with straight-sided aft section, while the even-numbered 
concepts use the standard NACA 0012, 21.0-inch-chord airfoil. 
The differences between the airfoils are shown graphically 
in Figures 6 through 9. 

CONCEPTS WITH EXTRUDED ALUMINUM SPARS 

Eight of the blade concepts listed in Table I have extruded 
aluminum spars.  These are Concepts 1, 2, 7, 8, 9, 10, 11, 
and 12.  Because they differ from one another only in detail. 
Figure 3 is representative of all eight, except that the 
removable and replaceable polyurethane leading-edge abrasion 
sheath of Concepts 7 and 8 is not shown. 

It can be seen 
than the simpl 
edge abrasion 
elimination of 
more expensive 
material itsel 
because of an 
planform. For 
PRD-49 composi 
cost. 

that the standard airfoil costs $73 more 
ified airfoil, in mid-1971 costs.  The leading- 
sheath adds $25 per blade.  In spite of the 
pre-forming, the stainless-steel doublers are 
than aluminum alloy, partly because the 

f is slightly more expensive, but primarily 
increase in machining cost in cutting the 
Designs 11 and 12, which have filament-wound 

te skins, f5 500 per blade has been added to the 

CONCEPTS WITH FORMED SHEET STAINLESS-STEEL SPARS 

Concepts 3 through 6 have spars assembled from formed stainless- 
steel sheet. Concepts 3 and 4 use stretch pressing to form 
the shapes of the spar members, and in Concepts 5 and 6, these 
components are rolled. Figure 4 shows the general arrangement 
of Concepts 3 and 4 and Figure 5 that of Concepts 5 and 6. 
The sections are shown in Figures 6 through 9. 

In Concepts 3 and 4, advantage is taken of the capability of 
stretching to allow a variation in shape along the part.  To 
assist the desired forward movement of the center of gravity 
with increasing radius, the vertical web of the forward 
channel is allowed to move forward. At the same time, a 
technically desirable flapwise stiffness taper is obtained 
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as the width of the nose skin is machined down and the flanges 
of the forward channel become narrower.  With the flanges 
projecting forward, the web of the forward channel provides 
a stiffener for the relatively flat and thin unsupported panel 
on the bottom of the spar, which is loaded in compression in 
static bending. 

In Concepts 5 an.i 6, the forward channel is reversed, placing 
the web on a constant chordwise station to allow rolling.  The 
reversal was necessary for balance, since the web would have 
been too far aft outboard. To stiffen the undersurface of 
the spar, the lower aft edge of the channel is turned upward 
over approximately half its length, in a separate forming 
operation.  Flapwise stiffness taper is still provided by the 
machining cuts on the edges of the nose skin and forward 
channel. 

The spars of Concepts 3 and 5, with the modified airfoil,ex- 
tend aft to the tangent point, so the core has four flat sides. 
This point does not exist in Concepts 4 and 6, so the spars 
are of more convenient width. 

The roll-formed spars are significantly less expensive than 
stretch-forming, but they are still not competitive with ex- 
truded aluminum.  Sheet-metal spars are desirable, in combina- 
tion with stretch-forming, only when the additional cost is 
justified by technical considerations which require a span- 
wise variation in airfoil section. 
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TECHNICAL ANALYSIS 

In the preliminary design phase, the technical characteristics 
and design features of the current UH-1H main rotor blade were 
used as the basis for the design of the field repairable/ 
expendable blade concepts. The weight and balance 
characteristics and section properties were matched as closely 
as possible to those of the current blade.  The design 
specification, of course, was written with this objective. 
Aerodynamically, the only change is the alternate airfoil 
section described above. 

By designing each blade to have section properties as close 
as possible to those of the current blade, the predicted 
dynamic characteristics, natural frequencies and flight 
bending moments, were quite similar, and structural margins 
of safety and fatigue lives differ very little, primarily 
due to material changes. 

CURRENT UH-1H MAIN ROTOR BLADE CHAPACTERISTICS 

The contractor's standard computer programs were used to 
determine the characteristics of the current blade so that 
this and the field repairable/expendable concepts would be 
compared on the same bases. 

Table II gives the computer-derived weight and balance 
characteristics.  Actual used UH-1D/H main rotor blades were 
weighed on the contractor's balance fixture to confirm these 
values.  Since the computer program integrates section 
properties to obtain weight and balance data, the physical 
weighing also served as partial confirmation of the section 
property computations. 

The section properties computed for the current blade are 
plotted in Figures 10 through 15, and the natural frequencies 
and computed flight bending moments are presented in Figures 
16 through 18. 

SECTION PROPERTIES 

The section properties of the basic concepts were computed 
and plotted.  Concepts 1 through 6 are significantly different 
from one another, but Concepts 7 through 12 are detail 
variations from Concepts 1 and 2, and can be considered 
technically identical—Concepts 7, 9, and 11 with Concept 1, 
and Concepts 8, 10, and 12 with Concept 2. 

The section property plots for Concept 2 are presented in 
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TABLE   II. WEIGHT AND   BALANCE, 
CURRENT  UH-1H  BLADE 

CUWtEIIT    UH-1H BLAT« 
(NOHIMMXY BALANCED,  AS WEIGHED, WITH TRIM TAB AND PAINT) 

■LADE WEIGHT AND BALANCE. 

TOTAL BLADE  WEIGHT •  203.495          POUNDS 
MOMENT ABOUT CENTER OF ROTATION • 28959.5         LB-IN. 

> 142.31            IN.   FROM C.   ROT. 
CHORDWISE  CENTER OF  GRAVITY - 5.74233          IN.   FROH L.  E. 

i            DYNAMIC MASS AXIS •  5.03968          IN.   FROM L.  S. 
i               (I.E.   SPAN-WEIGHTED CHORDWISE CENTER OF GRAVIT/) 

IWHTIA ABOL CENTER OF   ROTATION • 1228.84 

CaWTRIFUGAL  LOADING AT ONE (1.0) RADIAN/SECOND: 

SPAN STATION CENTRIFUGAL IN -PLANE BENDING 
(RADIUS) FORCE MOMENT ABOUT N.   A. 
(INCHES) (POUNDS) (L8-IN.,  + FOR L.  B.   IN TENSION) 

24. SO 74.95 15.76 
2S.0C 74.81 266.51 
31.80 73.33 119.11 
45.90 71.70 87.46 
60.00 69.65 50.75 
70.50 68.06 71.58 
81.00 66.50 65.06 
95.50 64.33 65.88 

no. oo 61.80 ;. .13 
125.60 59.31 14.86 
141.20 56.49 16.83 
156.80 53.34 19.03 
172.40 49.86 21.45 
188.00 46.04 -16.09 
210.00 38.95 -14.90 
227.00 33.07 -13.57 
244.00 26.73 16.73 
2S6.57 71.47 -6.78 
272.50 14.77 -5.51 
282.50 9.18 -4.42 
288.00 0.00 0.00 

STATIC BENDING  (DROOP)  AT l.OCi 

SPAN STATION BENDING N0M DEFLECTION 
(INCHES) (L8-IN.) (INCHES) 

24.50 2397.18 0.00 
25.00 23877.98 0.00 
31.80 2257V.30 0.00 
45.90 20136.67 0.03 
60.00 17916.32 0.10 
70.50 16391.06 0.18 
81.00 14957.15 0.29 
95.50 13103.7b 0.52 

110.00 11388.OJ 0.81 
125.60 9680.11 1.21 
141.20 8099.65 1.68 
156.80 6646.71 2.22 
172.40 5321.28 2.28 
188.00 4123.38 3.46 
210.00 2675.45 4.41 
227.00 1762.09 5.18 
244.00 1025.59 5.96 
2S6.57 597.44 6.S5 
272.50 197.43 7.30 
282.50 34.18 7.77 
288.0 0 0.00 8.03 

1  
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Figures 19 through 24, and are typical of those obtained for 
all the concepts. 

WEIGHT AND BALANCE 

The computer output for Concept 2 is shown in Table III, and 
Table IV summarizes the weight and balance characteristics for 
Concepts 1 through 6. 

In the preliminary design stage, it was considered sufficient 
to show that the basic blade design provided the opportunity 
to meet the specified weight and balance requirements, but 
design of the actual tip weights required to achie7e this 
goal was deferred to the detail design phase. 

CENTRIFUGAL AND STATIC LOADS AND MOMENTS 

Figures 25 and 26 present, respectively, the computer derived 
centrifugal loading at 309 rpm and the static (l.Og) bending. 
The centrifugal force distribution, the induced in-plane bend- 
ing moments due to the offset of the c.f. vectors from the 
section neutral axes, the static bending moment distribution, 
and the static deflection are presented for Concept 2. These 
plots are typical of those determined for all concepts. 

NATURAL FREQUENCIES 

The natural frequency plots obtained for Concept 2 are present- 
ed in Figure 27.  The small difference between these curves 
and those plotted for the current blade is typical of all the 
design concepts. 

DYNAMIC BENDING MOMENTS 

The computed dynamic flight bending moments obtained for 
Concept 2 are presented in Figures 28 and 29.  The dynamic 
stress analysis of Concept 2 was based on these bending 
moments, and the curves are typical of those used in the 
stress analyses of all concepts. 
STRESS ANALYSIS 

A stress analysis based on the computed dynamic bending mom- 
ents and the centrifugal loading applied to the section pro- 
perties was performed for each of the design concepts at 
several spanwise stations. 

For every concept, Station 81.0, immediately outboard of the 
root reinforcing doublers, proved to be the critical section. 
Table V presents the summarized stress analyses at this 
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1 
TABLE   III WEIGHT  AND   BALANCE, 

CONCEPT  2 

PREB DESIGN CONCEPT 2 

BLADE WEIGHT AND BALANCE) 

TOTAL BLADE WEIGHT 
MOMENT ABOUT CENTER OF ROTATION 
SPANWXSE CENTER OF GRAVITY 
CHORDW1SE CENTER OF GRAVITY 
DYNAMIC MASS AXIS 
(I.E. SPAN-WEIGHTED CHORDWISE CH 

INERTIA ABOUT CENTER OF ROTATION 

CENTRIFUGAL LOADING AT ONE (1.0) RADIAM/SECOND: 

198.989 POUNDS 
28041.9 LB-IN. 
140.9.2 IN. FROM C. ROT 
5.74741 IN. FROM L. E. 
5.07104 IN. FROM L. E. 
ER OF GRAVITY) 
1179.21 SLUGS-FT. S 

SPAN STATION CENTRIFUGAL IN -PLANE BENDING 
(RADIUS) FORCE MOMENT ABOUT N. A. 
(INCHES) (POUNDS) (LB-IN., + FOR L. E. IN TENSION) 

24.50 72.57 255.45 
31.80 71.00 112.74 
45.90 69.38 82.10 
60.00 67.34 46.61 
81.00 64.34 60.29 
97.12 62.07 47.11 

113.25 59.42 34.77 
129.37 56.42 23.38 
145.50 5?. 06 13.04 
161.62 49.37 3.83 
177.75 45.34 -4.16 
193.87 41.00 -10.84 
210.00 36.36 -16.13 
226.50 31.26 -0.18 
241.25 26.27 3.48 
256.00 20.96 -0.65 
282.00 11.06 7.06 
288.00 0.00 0.00 

STATIC BENDING (DROOP) AT LOG: 

SPAN STATION BENDING MOM. DBFLBCTIO 
(INCBES) (LB-IN.) (INCHES) 

24.50 23184.08 0.00 
31.80 21810.27 0.00 
45.90 19422.87 0.03 
60.00 17254.55 0.09 
81.00 14356.48 0.29 
97.12 12344.68 0.56 

113.25 10490.58 0.92 
129.37 8791.96 1.37 
145.50 7246.63 1.89 
161.62 5852.37 2.47 
177.75 4606.96 3.09 
193.87 3508.21 3.76 
210.00 2553.89 4.45 
226.50 1725.17 S.18 
241.25 1111.72 5.84 
256.00 619.89 6.51 
282.00 45.00 7.71 
288.00 0.00 7.98 
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station for Concepts 1 through 6, and the stresses obtained by 
a similar computation for the current blade are included for 
comparison. 

RADAR CROSS SECTION 

The program goal is to establish that the proposed repairable/ 
expendable blade designs have a radar cross section (RCS) no 
larger than the UH-1H metal reference blade.  Measured data 
generated from models with dimensions and characteristics 
of the UH-1H and Concept 2 blades are utilized as an aid to 
analysis of the current designs.  Comparisons of the measured 
results are made that show the leading edge to be the prime 
contributor of the UH-1H metal blade.  Measured data analysis 
also shows that the fiberglass blade aft section exposes the 
metal spar to the extent that the trailing edge becomes the 
most significant contributor and must be treated.  Theoretical 
and measured results are utilized to show that the increased 
leading-edge radius of Concepts 1 and 3 may be used without 
increasing the RCS above the required reference level.  Practi- 
cal approaches to reduction of the trailing-edge RCS of the 
fiberglass designs to that of the required reference level are 
presented. 

Appendix IV presents the radar cross section study performed 
on field-repairable/expendable rotor blade Concepts 1 through 
4.  With respect to radar reflectivity characteristics, Cor.jepts 
7, 9, and 11 are the- same as Concept 1, Concepts 8, 10, and 12 
as Concept 2, Concept 5 as Concept 3 , and Concept 6 as Con- 
cept 4. 

ACOUSTIC SIGNATURE 

Because all the field-repairable/expendable rotor blade concepts 
are aerodynamically similar to the current blade, with the 
exception of the airfoil section, the evaluation of acoustic 
signature becomes dependent on the characteristics of the 
simplified airfoil.  In this section, those concepts (1, 3, 5, 
7, 9, and 11) with the modified airfoil section are identified 
as Type II, while the even-numbered concepts with the standard 
NACA 0012 airfoil are Type I. 

The external noise signature of the UH-1 helicopter is made 
up of contributions from the main rotor, tail rotor, engine, 
and drive systems. Noise produced by these components is 
distributed throughout the audible spectrum, with the main 
rotor contributing in the very low frequency range (10 Hz - 
100 Hz), the taix rotor contributing in the low to mid frequency 
range (55 - 500 Hz), and the remaining sources contributing 
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mainly above 500 Hz*, iteqardinq aural detectability, only the 
main and tail rotor noise components are of consequence. 

Factors which determine the distance at which a noise source 
will be detected (i.e., its aural detection ranqe) include: 

• The amplitude/frequency characteristics of the source, 

• The propaqation characteristics of the medium throuqh 
which the sound siqnal travels. 

The amplitude/frequency characteristics of maskinq 
noise in the vicinity of the observer. 

• The frequency response of the observer's ear. 

For cases of interest**, these factors combine in such a way as 
to make the aural detection ranqe of the UH-1 most sensitive 
to the amplitude of high-frequency (third throuqh tenth 
harmonic of blade passage frequency) main rotor and low- 
frequency (fundamental through second harmonic of blade passage 
frequency) tail rotor noise.  Factors which increase these 
noise components will tend to increase aural detection ranqe, 
with the actual maqnitude dependent on the factors mentioned 
previously***. 

The noise source (tail or main rotor) which contributes most 
to UH-1 aural detectability is determined primarily by the 
forward velocity of the aircraft.  As airspeed increases, the 
relative magnitude of higher harmonic main rotor noise increases, 
In addition, this noise component becomes more directional, 
with increasing radiation in the forward direction.  For these 
reasons, in most cases, an approaching JH-1, operating at 

* This analysis of UH-1 noise sources is based on Figure 8 of 
Reference 8, which shows significant tail rotor rotational 
noise at and above the fundamental (N-per-rev) of tail rotor 
blade passage frequency. 

** For example, propagation at low altitude, over medium-density 
ground cover, through still air, in the presence of low ambient 
noise, with detection by the unaided ear. 

***A more detailed discussion of the aural detectability of 
helicopters is given in Reference 9, along with specific 
procedures for estimating detection range. 
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moderate to high speed (80 to 120 kt) , will be initially 
detected through its rotor noise component.  Factors which 
increase higher harmonic rotor noise have a detrimental effect 
on aural detectability. 

Helicopter main rotor noise is produced through a number of 
mechanisms. The primary mechanism, at least with respect to 
the generation of higher harmonic rotational noise, and 
consequently aural detectability, is the acoustic dipole 
resulting from the flucuating lift, drag and radial forces 
applied to the air by the rotor blades (Reference 8) . Fac- 
tors which influence the generation of this noise component 
include rotor blade parameters, such as blade airfoil sec- 
tion, planform, twist distribution, thickness distribution, 
and blade dynamics, as well as such operating parameters as 
steady lift (A/C gross weight), rotor speed, and A/C forward 
speed. 

For the UH-1 operating at moderate to high airspeed, the 
magnitude of higher harmonic rotor, noise is dependent, pri- 
marily, on the magnitude of drag forces generated by the 
advancing blade.  This situation arises because the standard 
UH-1 rotor system operates at a very high advancing blade 
tip Mach number, well in excess of the drag divergence 
Mach number for moderate- to high-speed flight*. 

Based on the ab^ve discussions, the impact of field-repairable/ 
expendable blade (FREE) modifications on the aural detect- 
ability of the UH-1 may be qualitatively assessed by evaulu- 
ating the impact of these modifications on high Mach number 
drag characteristics.  Of the two FREE designs, only the Type 
II blade, which has a slightly different airfoil section than 
the NACA 0012 section used on the standard UH-1, will have 
differing high Mach number drag characteristics.  The Type I 
FREE, utilizing a standard NACA 0012 airfoil section, will 
have identical drag characteristics as the standard UH-1 
blade; consequently, the use of the Type I FREE design will 
result in no change in the aural detectability of the air- 
craft. 

Evaluation of the Type II FREE airfoil section indicates that 
this design will result in a reduction in zero-angle-of-attack 
drag divergence Mach number.  Increased section thickness 
forward of the quarter chord, coupled with an increase in nose 
radius, results in the modified airfoil pressure distribution 

' The drag divergence Mach number for a 0012 airfoil at zero 
angle of attack is approximately .78.  This is exceeded by the 
UH-1 rotor, at the advancing blade tip, at 50 knots. 

77 

■ --■■•^—---^ ^.. .-^.,-..■..^ 

■-"----•■"■—•"- - ii- i --  II 



^.WPMl , ,iW — . „wm. 

(relative to p.n NACA 0012 section) shown in Fiqure 30. As 
indicated in this figure, the pressure distribution of the 
Type II FREE section is nearly identical to that of a standard 
NACA 0015 airfoil forward of the maximum thickness point.  By 
analogy to the NACA 0015 section characteristics, given in 
Reference 10, a 5% decrease in zero-angle-of-attack drag 
divergence Mach number is indicated for the Type II FREB 
relative to the standard UH-1 blade. 

The impact of the decreased drag divergence Mach number on 
UH-1 aural detectability is illustrated in Figure 31.  Shown 
are constant aural detection range contours, as functions of 
rotor speed (rpm) and airspeed, for the UH-1 with standard 
(NACA 0012) blades, FREB Type I and FREB Type II.  This figure 
indicates that a UH-1 utilizing a Type II FREB rotor, and 
required to have no greater aural detection range than a 
standard-rotor-equipped UH-1, would be required to operate 
either with a rotor speed reduction of 5% or at a 25% reduced 
airspeed.  Requiring a constant detection time would dictate 
a reduction in rotor speed, since operation at a reduced 
airspeed will cause increased warning time, even with 
constant aural detection range. 
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RELIABILITY AND MAINTAINABILITY 

Throughout the preliminary design phase,   analyses of the 
anticipated  failures,   and their modes and  rates of occurrence, 
were performed as the concepts evolved.    As these potential 
failures were identified, maintainability analyses were per- 
formed to determine dispositions   (repair or scrap) ; and for 
those damage events expected to be repairable,   labor effort, 
material costs,   and elapsed times were determined for each 
repair. 

From the reliability and maintainability standpoint,  the 
twelve concepts can be divided into two groups:   those having 
aluminum spars and those having stainless  steel  spars.  Concept 
1  is representative of  all the  former group,  while Concept  3 
is representative of all the  latter.     Subsequent to these 
basic analyses,   minor adjustments were made to account  for 
detail differences within the groups.     For example,  Concept  1 
was analyzed as  if it had a separate  abrasion   sheath,   so 
this analysis  is  truly representative of Concepts 7 and  8 only. 

For Concepts  1,   2,   9,   10,  11,  and 12,   those failures associated 
with the  leading edge were either eliminated   (e.g.,  delamina- 
tions)   or applied to  the spar   (e.g.,   nicks and scratches),  as 
«appropriate.     Concepts  4 and 6  finally evolved with narrower 
chord spars  than Concepts 3 and  5,   so the  skin damage 
occurrences were  increased,  and  the  spar damage decreased,   in 
proportion  to the change in area. 

Concepts  11  and  12 present a special  case,   since no operational 
experience has been acquired with plastic  skins reinforced 
by PRD-49.     The  characteristics of the fiber indicate that a 
reduction of  as much as 50%  in the incidence of  skin damage 
might be expected.     The life-cycle cost analysis was performed 
on this  basis.     For a  greater incidence of skin  failures,   the 
life-cycle costs will   increase appropriately. 

As the  failure modes  and maintainability analyses developed, 
the results were  incorporated into a  computer  program which 
provided the necessary averages  for  input  to the life-cycle 
cost analysis    and also determined the 95      percentile maximum 
repair times.     For this maximum time  calculation,  the equations 
developed in Appendix  III were applied only to the labor time 
to effect a  repair.     Adhesive cure time was regarded as an 
invariate book value,   such that any variations were chargeable 
to some other activity   (e.g.,  the mechanic working on another 
aircraft at  the  time  the adhesive was fully cured), while the 
man-hours to remove and replace a blade were defined by the 
contract.     The output  from these computer analyses of  failure 
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modes and effects, dispositions, and maintenance activities 
is presented in Appendix V. 

FAILURE MODES AND EFFECTS 

The analysis methodology developed previously and used in the 
design studies of repairable and expendable main rotor blades, 
References 2 and 3 respectively, has been applied here in 
performing the failure modes and effects analysis for candidate 
field-repairable/expendable main rotor blade design concepts. 
This methodology was refined and updated to include definitions 
of primary and secondary failures resulting from single 
incidents, hazard level of each incident as defined in MIL- 
STD-882, and expected rates of occurrence based on the latest 
available experience data.  As before, the cause, effect, 
and ultimate disposition of each failure »node have been in- 
cluded in the analysis. 

Failure modes are divided into three categories: inherent, 
external, and combat.  In References 2 and 3, combat damage 
causes were included in the external cause category. 
Segregating combat damage into a category of its own, however, 
aids in determining the reliability of a given blade design 
in other, noncombat environments, even thouah the combat 
environment is a specific requirement of this study program. 

Frequency of occurrence of inherent failure modes for the 
candidate field-repairable/expendable main rotor blade design 
concepts relative to the current UH-1H main rotor blade can 
be determined using the inherent failure rate data reported 
in Reference 3.  Similarly, the relative frequency of occurrence 
of external and combat failure modes can be estimated by 
application of the damage scenario to the various blade design 
concepts, adjusting the depth of dents, tears and foreign- 
object damage according to the material of the affected blade 
parts as described in Reference 2.  The failure effects data 
of References 2 and 3 also provide a basis for evaluating the 
hazard classification of similar failure modes for the 
candidate blade designs. 

Field experience gained with UH-1H rotor blades and reported 
in Reference 1 serves as the basic data source for the failure 
modes and effects analysis of the current main rotor blade. 
Various samples of the UH-lH blade were collected, analyzed 
and reported in Reference 1, giving the best available values 
of failure mode occurrences and proportions attributable to 
different causes.  Table D-I of Reference 1 lists the total 
of all known failure causes grouped into five inherent and 
five external failure subcategories.  These data, with the 
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inherent and external failure fractions adjusted to conform 
with the values shown in Table H-I of Reference 1, define the 
total spectrum of failure modes considered in this analysis. 
All failure causes reported within the excessive vibration 
subcategory of the Table D-I inherent causes were assumed to 
be secondary failures,and corresponding primary failures were 
assigned to each of these based on the inherent failure 
cause data of Reference 3. All inherent and external failures 
were apportioned among the various causes as indicated by 
their frequency of occurrence in Table D-I.  The failure 
description and location data of Reference 3 were then used 
to apportion these failures among the major elements of the 
rotor blade. 

The application of the damage scenario to the current UH-1H 
main rotor blade, as reported in Reference 2, apportioned the 
damage events among the dent, puncture, tear, foreign object 
and battle damage classifications.  The same apportionment 
and damage classifications have been applied to the total 
number of failures within the foreign-object damage sub- 
category of the adjusted data of Table D-I of Reference 1, 
thus integrating the damage scenario results into the failure 
modes and effects analysis. 

The complete failure modes and effects analysis for the current 
UH-1H rotor blade is tabulated in Table VI.  Similar analyses 
have been prepared for candidate field-repairable/expendable 
main rotor blade designs using the current blade data.  Inherent 
failure mode rates of occurrence for candidate designs have 
been computed from the current blade failure data using the 
ratio of inherent failure rates for candidate blade component 
parts to inherent failure rates for current blade parts as 
presented in Reference 3. External and battle damage failure 
mode rates of occurrence have been determined from the 
application of the damage scenario to candidate blade component 
parts using the data given in Reference 2 for the same blade 
components. 

Tables VII and VIII detail the results of the failure modes 
and effects analyses for field-repairable/expendable main 
rotor blade Concepts 1 and 3. Note that these concepts incor- 
porate straight-sided airfoil shapes while Concepts 2 and 4 
have curved airfoil shapes.  In all other respects. Concepts 
1 and 2 are identical, as -.re Concepts 3 and 4.  Since this 
design variation will have only a minor effect on failure 
modes and rates of occurrence, separate failure modes and 
effects analyses have not been prepared for Concepts 2 and 4. 

Failure rate summaries for the current UH-1H main rotor blade 
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TABLE VI. FAILURE  RATE 
CURRENT    UH- 

COMPUTATIONS, 
1H     BLADE 

failuie Mode Conponent or Location Number of 
Failures 

Failure 
Rate 

MTBFN*' 

Inherent  causes 

Primary failuies 2206 280.48 3,565 

Bond  failure/ 
Oelanination Subtotal 952 121.04 8,262 

Skin/Spar 84 10.68 93,631 

Spline/Skin 80 10.17 98,313 

Skin/Core 594 75.52 13,241 

Spar/Noseblock 20 2.543 393,250 

Abrasion sheath/LE 104 13.22 75,625 

Root end 49 6.230 160,510 

Spar/Core 21 2.670 374,524 

Crack Subtotal 658 83.66 11,953 

Spline 69 8.773 113,986 

Skin 567 72.09 13,871 

Root end 22 2.797 357,500 

Corrosion Subtotal 147 18.69 53,503 

Skin 65 8.264 121,000 

Spline 80 10.17 98,313 

Root end 2 0.2S4 3,932,500 

Excessive wear Subtotal 356 45.2« 22,093 

Abrasion sheath 18 2.289 436,944 

Skin 30 3.814 262,167 

Spline 92 11.70 85,489 

Root end 216 27.46 36,412 
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TABLE VI - Continued 

rallure Mode Component or Location Number of 
Failures 

Failure 
Rate 

MTflFN 

Deterioration Subtotal 93 11.82 84,570 

Abrasion sheath 26 3.306 302,500 

Skin 25 3.179 314,600 

Spline 9 1.144 873,889 

Root end 33 4.196 238,333 

Secondary failure! 

Excessive vibration Subtotal S36 68.15 14,674 

Skin/Core BF/Delam. 281 35.73 27,989 

Skin/Spar BF/Delam. 15 1.907 524,333 

Spline/Skin BF/Delam. 15 1.907 524,333 

Noseblock/Spar BF/D. 20 2.543 393,250 

Abrasion sheath/L E 
BF/Delamination 93 11.82 84,570 

Root «nd BF/Delam. 36 4.577 218,472 

Root end excess iv« wear 30 3.814 262,167 

Skin crack 31 3.942 253,710 

Spline corrosion 15 1.907 524,333 

External causes 4200 534.01 1,87Z« 

Dent Subtotal 1846 234.71 4,260.1 

Abrasion sheath /Spar 
doubler ySkin/Core 246 31.28 31,972 

Abrasion sheath 246 31.28 31,972 

Skin/Grip doublers 
Root fitting 62 7.883 126,855 

Skirt /Grip doublers 61 7.756 128,934 
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TABLE VI - Continued 

|               railur« Mod»- Component or Location Number of 
railures 

Failure 
Rate 

MTBFN       | 

D«nt,  continued Skin/ Cor*/Grip 
doublers 185 23.52 42,514 

Skin/ Core 346 31.28 31,972 

Skin/ Core/ online 492 62.56 15,986 

Skin/ Core/ Spline/ 
Link 62 7.883 126,855 

Skin /Spline its 23.52 42,514 

Spline 61 7.756 128,934 

Puncture Subtotal 677 86.08 11,617 

Abrasion sheftth/  Spar 
doubler/Spar 123 15.64 63,943 

Abrasion sheath/Nose- 
block 62 7.883 126,855 

Spar doubler/Spay 
Grip doublera 62 7.883 126,855 

Skin /Core 369 46.92 21,314 

Skin /Spline 61 7.756 128,934 

foreign-object damage Subtotal SS4 70.44 14,197 

Abrasion sheath/ Spar 
doubler /Skin /Core 62 7.883 126,855 

Abrasion sheath/ Crip 
doublers 61 7.756 128,934 

Abrasion sheath 123 15.64 63,'i43 

Skin /Core 246 31.28 31,972 

Skin /Core/ Spline 62 7.883 126,855 
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TADLE VI  - Continued 

Failure Mode Component or Location Number of 
Failures 

Failure 
Rate 

MTBF,, 

Tear Subtotal 370 47.04 21,257 

Abrasion «heath/Spar 
doubler /Skin/ Core 62 7.883 126,855 

Abrasion  sheath 185 23.52 42,514 

Skin/ Core 123 15.64 63,943 

Overatrested Total  blade 733 93.20 10,730 

B11stertd/Burned Total  blade 15 1.907 524,333 

Indirect causes Total  blade 5 0.636 1,573,000 

Combat causes 

Battle damage Subtotal 923 117.36 8,521.1 

Skin/ Core/Grip 
doubiers 62 7.883 126,855 

Skin   >Core 492 62.56 15,98« 

Skin / Cor» /Spline 62 7.883 126,855 

Skin/ Spline 123 15.64 63,943 

Spline 61 7.75« 128,934 

Abrasion sheath/Spar 
doubler /Spar 123 15.64 63,943 

*    Failure rate is in units of number of failures per 10 6 blade-hours. 

•• NTBF is in units of blade-houis. 
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TABLK VII. FAILURE RATE COMPUTATIONS, 
CONCEPT 1. 

failure Mode 

Inherent causes 

Primary failuns 

Bond  failure/ 
Delamination 

Cracks 

Corrosion 

Excessive wear 

Co»ponent or Location     2u7?er of   ,'aaure 

railure.       R'»^      ""»N** 

K96     190.21 5,257 

Subtotal 

Skin/Spar 

Spline/Skin 

Skin/Core 

Abrasion sheath/L E 

Root end 
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TABLE VII  - Continued 

Failure Mode Component or Location Number of 
Failures 

Fiiilure 
Kate 

MTBFN 

Deterioration Subtotal 91 11.57 86,429 

Spar SO 6.357 157,300 

Skin 3 0.381 2,621,667 

Spline 5 0.636 1,573,000 

Root end 33 4.196 238,333 

Secondary failures 

Excessive vibration Subtotal 310 39.42 25,371 

Skin/Core  BF/Delam. 205 26.06 38,366 

Spline/Skin  BF/Delam. 15 1.907 524,333 

Abrasion sheath/Spar 
BF/Delam. 11 1.399 715,000 

Root end BF/Delam. 11 1.399 715,000 

Root end excessive wear 29 3.687 271,207 

Spar crack 5 0.636 1,573,000 

Skin  crack 15 1.907 524,333 

Root end crack 3 0.381 2,621,667 

Spline crack 1 0.127 7,8C5,000 

Spline corrosion 15 1.907 524,333 

External causes 4243 539.48 1.85.16 

Dent Subtotal 1846 234.71 4.26051 

Abrasion sheath 62 7.883 126,855 

Abrasion sheath/spar/ 
Skin core 62 7.883 126,855 

Spar /skin /core 185 23.52 42,511 
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j                                 TABLE VII  - Continued                                       \ 

I                Failure Mode Component or Location Number of 
Failures 

Failure 
Rate 

MTBFN        | 

Dent,  continued Spar 185 23.52 42.514 

Skin/Grip doublen/ 
Root  fitting 61 7.756 128,934 

Skin/Grip doubler* 61 7.756 128,934 

Skin/Core/Grip 
doublen IBS 23.s: 42.514 

Skin/Core 246 31.2E 31,972 

Skin/Core/Spline 61S 78.19 12,789 

Skin/Core/Spline/ 
Link                               ' 61 7.756 128,934 

Skin/Spline 61 7.756 128,934 

Spline 62 7.8F3 126,85b 

i     Puncture Subtotal 677 86.08 11,617 

Abrasion sheath/ Spar 62 7.883 126,855 

Spar 123 15.64 63,943 

Spar/Crip doublers/ 
Skin 61 7.756 128,934 

Skin/Core 369 46.92 21.314 

Skin/Spline 62 7.883 126,855   1 

1     Porelgn-object damage Subtotal SS4 70.44 14,197 

Spar/Skin/Cor« 62 7.813 126,855 

Spar/Grip doublers 62 7.813 126,855 

Spar 123 15.64 63,943 

Skin/Core 246 31.21 31.972 

Skin/Core/Spline 61 7.756 128.934 
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TABLE VII   - Continued 

Failure Mode Component or Location Number of 
Failures 

Failute 
Rate 

KTBFN 

Tear Subtotal i70 47.04 21,257 

Spar /Skin /Core 62 7.883 126,855 

Spar 185 23.52 42,514 

Skin/core 123 15.64 63,»43 

Ovcrstreased Total blade 776 98.66 10,135 

Bliatered/Burned Total blade 15 1.907 524,333 

Indirect  causes Total blade 5 0.636 157,300 

Combat causes 

Battle damage Subtotal 923 117.36 8,521 

Skir./Core/Grip 
doublers 61 7.756 128,934 

Skin /core 492 62.56 15,986 

Skin/Core /Spline 62 7.883 126,855 

Skin/Spline 123 15.64 63,943 

Spline 62 7.883 126,855 

Spar 173 15.64 63,943 

*      Failure rate  Is in units of number of  failures per 106 blade-hours. 

••    MTBF is  in units of blade-hours. 
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TABLE VIII. FAILURE RATE COMPUTATIONS, 

CONCEPT 3 

Failure Kode Component or Location Number of 
Failures 

Failure 
Rat«? 

MTBFN** 

Inherent causes 

Primary  failures 1184 150.54 6,642.7 

Bond  failure/ 
Oelamination Subtotal S65 71.84 13,920 

Skin/Spar 69 8.773 113,986 

Spline/Skin 31 3.942 253,710 

Skin/Core 382 48.57 20,589 

Spar se 7.374 135,603 

Root end 17 2.161 462,647 

Spar/Core 8 1.017 983,]2S 

Crack Subtotal 265 33.69 29,679 

Spline 0 - - 

Skin 228 28.99 34,496 

Root end 23 2.924 341,957 

Spar 14 1.780 561,786 

Corrosion Subtotal 85 10.81 92,529 

Spar 42 5.340 187,262 

Skin 14 1.780 561,786 

Spline 28 3.560 280,893 

Root end 1 0.127 7 ,865,000 

Excessive wear Subtotal 210 26.70 37,452 

Spar 14 1.780 561,786 

Skin 3 0.381 2 ,621,667 

Spline 9 1.144 873,889 

Root end 184 23.39 42,745 
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1 TABLE VIII - Continued 

Failure Mode Component or Location Nu. ^*»r of 
Failu.. 

F.iilure 
Kate 

MTBFN 

Deterioration Subtotal 59 7.502 133,305 

Spar 2 0.2J4 3.932,500 

Skin 3 0.361 2,621,66V 

Spline 22 2.7J7 357,500 

Root end 32 4.069 245,781 

Secondary failures 

Excessive vibration Subtotal 37« 48.06 20,807 

Skin/Cote Bf/»elam. 205 26.06 38,366 

Skin/Spar Bf/Delan. 65 8.264 121,000 

Spline/Skin BF/Delam. 10 1.271 786,500 

Spar BF/Delam. 30 3.814 262,167 

Root end BF/nelam. 10 1.271 786,500 

Root end excessive wear 26 3.306 302,500 

Spar crack 14 1.710 561,786 

Skin crack 15 1.907 524,333 

Spline crack 0 - - 

Root end crack 3 0.3S1 

External causes 4200 534.01 1,872.( 

Dent Subtotal 1846 234.71 4,oi?.6 

Spar 246 31.28 31,972 

Spar/Skin 185 23.52 42,514 

Spar / Skin /Cor« 62 7.883 126,855 

Spar/Grip doublers 185 23.52 42,514 

Spar/Grip doublers/ 
Root  fitting/ Skin 61 7.756 128,934 
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TABLE VIII  - Continued 

1                 Fallur« Mode Component or Location Number  of 
Failures 

Failure 
Rate 

MTBFN 

SK     /Core/Grip 
doLuiers 61 7.756 128,934 

Skin/Core 308 39.16 25,536 

Skin/Core/Spline 492 62.56 15,986 

Skin/Spline 195 23.52 42,514 

i     Puncture Subtotal 677 86.08 11,617 

Grip doublers/Spar 62 7.883 126,855 

Spar 18S 23.52 42,514 

Spar/Skin 61 7.756 128,934 

Skin/ Core 308 39.16 25,536 

Skin/Spline 61 7.756 128,934 

1     Poreigrr-object   damag e              Subtotal 554 70.44 14,197 

Grip doublers/Spar e: 7.883 126,855 

Spar .85 23.52 42,514 

Spar/ Skin 61 7.756 128,934 

Spar/ Skiiy/ Core 61 7.756 128,934 

Skin/ Cor« 185 23.52 42,514 

Tear Subtotal 370 47.04 21,257 

Spar 185 23.52 42,514 

Spar/ Skin 62 7.883 126.855 

Spar/ Skin/ Core 62 7.883 126,855 

Skin /Core 61 7.756 128,934 

Overstressed Total blade 733 93.20 10,730 

Bliatered/Burn«^ 
pi s Total blade 15 1.907 524,333 

Indirect causes Total blade 5 0.636 1,573,000 
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TABLE VIII - Continued 

railure Modo Component or Location     £^e°
f Failure 

Rate 
MTBFN 

Combat   causes 

Battle damage Subtotal                                               923 117.36 8,521.: 

Grip doublrrs/ Skin/ 
Spar                  f                          61 7,756 128,934 

Spar                                             123 15.64 63,943 

Spar /%kin                                 185 23.52 42,514 

Skin ytore                               308 39.16 25,536 

Skin ^plinc                            185 23.52 42,514 

Skin /Core Apline                 Cl 7.75» 128,934 

*      Failure rate  is ;n urlts of number of failures per 10* blade-hours. 

••   MTBF Is in units of blade-hours. 
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and Concepts 1 and 3 are presented in Tables IX, X, and 
XI respectively.  Data are given for primary and secondary 
failures in the inherent, external and combat failure 
categories apportioned to the major elements of the blade 
and for the blade as a whole.  The MTBF's experienced by the 
current blade and the predicted MTBF's for Concepts 
1 and 3 are shown in Tables XII, XIII, and XIV apportioned in 
the same manner. 

The field-repairable/expendable concepts exhibit significantly 
improved reliability compared to the current UH-1H main rotor 
blade.  The predicted MTBF's for Concepts 1 and 3 are approxi- 
mately 13- and 18-percent greater respectively than the MTBF 
experienced by the current blade. 

MAINTENANCE ACTIONS AND TIMES 

The possible dispositions of damage of each appropriate type 
to each component of the blade concepts are presented in 
Table XV for Concept 1 and its associated group, and in Table 
XVI for Concept 3 and its group. 

Appendix VI gives the detail dispositions, maintenance times, 
and kit contents for each failure occurrence.  These dis- 
positions were used as inputs to the failure modes and effects 
computer analysis, the outputs from which are given in 
Appendix V.  The adjustments within the groups, as described 
above, were made to the dispositions before being introduced 
to the analysis.  Those damage occurrences requiring no 
maintenance action, such as a sheet metal dent below signifi- 
cant limits, were eliminated from consideration by the compu- 
ter. 

The computer analysis provided the ability to eliminate com- 
bat damage from the analysis.  It is assumed that only those 
events listed as ballistic damage were attributable to the 
combat environment, and that elimination of these would alone 
be representative of peaceful operation. This is probably an 
underestimate. 

Although it appears intuitively that it would be easier to 
apply a patch to a flat than to a curved surface, no hard 
experience is available for applying a quantified improvement 
to the repair times.  No differentiation is made in the 
maintainability analysis between those concepts with the 
simplified airfoil section and those with the standard NACA 
0012 airfoil. 

Figures 32 through 36 depict the repair schemes devised for 
use with the field repairable/expendable blade concepts. 
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TABLE   XV.      POTENTIAL  DAMAGES  AND   MAINTENANCE  ACTIONS, 
CONCEPT   1 

1 2 3 4 5 6 7 8 9 10 

Blade 
Detail 

•0 
t> 
M 
0 

u 

■0 
01 
4J 
kl 

* 0 

C  M 

CO Q 

Ik 

•o 
a> 
u 
a 
u c 
c u 
3  O 
ft. H 

'S 
c 

■H 1 
f-l 

01 
Q 

•0 
Oi 
4-1 
c 
01 a 

•a 
01 

»0 
O 
1» 
u 
A 
0 

-0 
0/ 

"8 
u 
u 

■ü 
01 

'.C 
•O 0 
01 ^ 
y io 
0 u 
Z IA 

0 
N 

■H 
n 

c u 
U 01 
o > 
SCO L

o
o
s
e
 
or
 

M
i
s
s
i
n
g
 

H
a
r
d
w
a
r
e
 

A Abrasion   sheath 
(Polyurethane  tape) 1 I I 1 

B Spar 
(Aluminum) S S S s 

A R A A R 

C Skin 
(Fiberglass) 

R R R A A R 

D Core 
(Nomex) 

R A  R 

E T    E     Spline 
(Aluminum) S s s S 

A  R R R 

F Trim tab 
(Aluminum) I 

R 
I I 1 

A 
I 

R 
I 

R 
I 

G Root  doublers 
(Aluminum) S s S S 

R R 

H Grip  &  drag  plates 
(Aluminum) s s S S 

R R 

I Grip pad 
(Steel) s s S 

R R 

J Grip  &  drag  bushings 
(Steel) s 

R R 
s 

K Foot closure 
(Aluminum) s s S 

A R R 

L Tip closure 
(Fiberglass) 

R R 
S 

A A R 

M Root cap 
(Aluminum) I I I 

R 
I 

R 
I 

R 

N Tip cap 
(Aluminum) I I I I 

R 
I 

A R 
I 

R 

Codes:     A ■ Acceptable as  is   (if within  limits) 
R - Repair   (if within  limits) 
I ■  Install replacement detail 
S - Scrap rotor blade 
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TABLE XVI.     POTENTIAL DAMAGES AND MAINTENANCE 
ACTIONS,   CONCEPT  3 

1 2 3 4 5 6 7 8 9 10 

Blade 
Detail 

M 
0 
10 
M 
Ü 

*> 
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c w 
23 
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*> 
Ü  C c u 
a o 

■•o ■ 
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c 
•l-t 

% 
wt 

Q 

•0 
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•0 
tt) •s 
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•0 v 

u 
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'S 
•0 Ü 
ot *> 
* a 
V u 
-l 0 
Z CO 
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■H 
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U 01 
o > 

L
o
o
s
e
 
o
r
 

M
i
s
s
i
n
g
 

H
a
r
d
w
a
r
e
 

A Abrasion  sheath 
(None  used) 

B Spar 
(Stainless) S s s S 

A A R 

C Skin 
(Fiberglass) 

R R R A A    R 

D Core 
(Nome?;) 

R A  R 

R T    F    Spline 
(Fiberglass) S s S S 

F Trim tab 
(Aluminum) I 

R 
I I I 

A 
I 

R 
I 

R 
I 

G Root doublers 
(Stainless) S s S S 

R 

H Grip &  drag plates 
(Aluminum) s s S S 

R R 

I Grip pad 
(Steel) s s s 

R R 

J Grip 6 drag bushings 
(Steel) s 

R R 
S 

K Root closure 
(Stainless) s s s 

A A 

L Tip closure 
(Fiberglass) 

R R 
s 

A A    R 

M Root cap 
(Stainless) I I I 

A R 

N Tip cap 
(Aluminum) I I I I 

R 
I 

A 
I 

A    R 
I 

R 

Codes:    A * Acceptable as is   (if within limits) 
R - Repair  (if within limits) 
X ■ Install replacement detail 
S - Scrap rotor blade 
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The use of reinforced plastic skins and nonmetallic honey- 
comb core can be seen to be an integral part of the overall 
repairability of the blade concepts.  The maintenance analyses 
and maintainability predictions performed in Appendix VI, and 
used in the estimates of operational costs, use these 
preliminary schemes as a basis. 

The repair schemes shown in Figures 32 through 36 are pre- 
liminary in nature, as appropriate to the preliminary design 
phase. Subsequent phases of the program will include detail 
design of the repair schemes, the appropriate kits, and the 
equipment required. Stress analyses will give final definition 
to the repair limits. 

105 

.  v',.»:.^,;-        .^.-^........  I IIHflilHiM MHtfHi MMlHiUMiW 



■m^nmii.      iiiiiinnmiiiii   im iiip.iiiiijuiiiiiii i ..■   Mimu 

 1  

"i 's: 
1 
^ 

«0 

ß 
•H 

i 
ü 
W 

M 
•H 
(0 a 

rH 
0) 

•H 

ro 

(U 
M 

g. 
■H 

106 

■-.■■,.■.   L.f.  -           - —I—ÜÜ 



•««■mnjiii.n '■ " '■"■"■l-'' 

2J 
o 
u 

CO 

0) 

i 
Ä 
U 
w 

M 
•H 
t0 
a 
« 

rH 
OJ 

•H 
b 

107 

n 
CO 

0) 

•H 

^LbteuAuUtuum. J^»-i.^«Ji:-aflJt ■- ...■■^■■; ittll - -      



wmmrnmmmmmmm  i i 
11    ' ~ 

1 ^ 
■')H 

\ < 

> < 

1 r  —t— 
,r   ■  ■■- * - 

't t 

(0 

2 

0) 
M 
O 
U 

G 
•H 

0 

o 
w 

M 

(0 a 
05 

0) 
•H 
CM 

& 
•H 

108 

■■■'■ ■:l..-^-^—i^- .    .... v...^.. ^-l^-,...a.^. ,..-....■,..^.■■■,. ■....^   1^.;...-   ■■■-   j ^-■^:^ mxiiiMmii inriinn gggngn^i^. 



... .11 , I..I»..  ,..l.. 

I 

^Iw- ^  

LA ZtA/V/iGm */?£* 

Z3/?/??/?ö£. 

-S/i£HO SMOOTH cryP) 

kr- 3.0O /r?**-S>\ 

.06 /W/V 

-StW-D 3/nooT*rrys>J 

REW/X 

Figure  35.     Field Repair Blend Limits,  Trailing Edge. 
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SURVIVABILITY 

The survivability of the current UH-1H main rotor blade and 
the field-repairable/expendable blade Concepts 1 and 3 have 
been investigated based on data from the application of the 
damage scenario to these blade designs during the maintain- 
ability and reliability analyses. The criteria used for 
evaluating survivability are the hazard classification and 
repairability of predicted damage events. The hazard 
classification, or criticality code, of damage events provides 
an estimate for survivability of the total system, that is, 
the aircraft and crew, while the repairability of damage events 
gives an estimate for survivability of the rotor blade alone 
as a unit of the total aircraft system.  Table XVII lists the 
criticality code and repairability fractions for damage 
events reported previously in the failure modes and effects 
analysis for the current rotor blade and tor Concepts 1 and 
3 that are important in evaluating survivability.  Data are 
presented for each type of damage defined in the damage 
scenario as well as for total external causes and the total 
damage scenario.  From the safety viewpoint, the survivability 
of the current and new rotor blade designs can be compared 
using the fraction of total damage events classified in the 
critical category, as listed in Table XVII.  Note that damage 
events assigned a critical hazard classification would re- 
quire a mandatory abort to assure system survival, but damage 
events assigned to the less serious classifications of mar- 
ginal or negligible would permit completion of the mission 
without injury to the crew or major damage to the aircraft. 

Dents constitute the largest single type of damage, accounting 
for 54 percent of all external damage events and 42 percent 
of the total number of events within the damage scenario that 
fall on the presented areas of the three blade designs. Both 
field-repairable/expendable rotor blade Concepts 1 and 3 
show a reduction in the fraction of critical damage events. 
This is due primarily to the larger presented area of the 
spars of these two designs experiencing an increased number 
of dent events compared to the current blade design, and 
fewer dents in the other blade components.  Since the depths 
of dents specified in the damage scenario are reduced when 
they occur on the relatively hard metal spar area, most of 
these are classified as either marginal or negligible damage 
events. Concepts 1 and 3 also exhibit a marked increase 
in the fraction of repairable dent damage events, mainly 
because the fiberglass skins of these designs can be readily 
repaired in the field while the aluminum alloy skin of the 
current blade cannot be repaired in the field. 
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TABLE XVII.  DAMAGE DATA FOR SURVIVABILITY ANALYSIS       | 

j Type of 
Damage 

Damage Event 
Category 

MRB Configuration 

Current 
ÜH-1H Concept I Concept 3 

External 

j  Dent Number of Events 1846 1846 1846 
Fraction Critical .57 .45 .42 

"   Marginal .30 .52 .33 
"   Negligible .13 .03 .25 
"   Repairable .27 .60 .60 

Scrap .73 .40 .40 

Puncture Number of Events 677 677 677 
Fraction Critical .27 .36 .45 

"    Marginal .64 .64 .55   i 
Negligible .09 - - 

"    Repairable .64 .64 .55 
"    Scrap .36 .36 .45   j 

Foreign Number of Events 554 554 554   j 
Object Fraction Critical .28 .28 .22   I 

1  Damage "    Marginal .39 .39 .33   | 
"    Negligible .33 .33 .45   1 
"    Repairable .55 1.00 1.00   i 

Scrap .45 *" 
" 

j  Tear Number of Events 370 370 370   j 
Fraction Critical .25 .25 .16 

"    Marginal .25 .25 .34 
ss    Negligible .50 .50 .50 
"    Repairable .50 1.00 1.00 
"    Scrap .50 — 

" 

Total of Number of Events 3447 3447 3447   | 
1  External Fraction Critical .43 .38 .36   | 

Causes "    Marginal .37 .49 .38 
Negligible .20 .13 .26   I 
Repairable .41 .72 .70   | 
Scrap .59 .28 

•30 
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TABLE XVII - Continued 

Type of 
Damage 

Damage Event 
Category 

MRB Configuration 

Current 
UH-IH Concept 1 Concept 3 

Battle Number of Events 923 923 923 
Damaqe Fraction Critical .67 .67 .83 

Marginal .33 .33 .17 
Negligible - - - 

Repairable .07 .80 .60 
Scrap .93 .20 .40 

Total Number of Events 4370 4370 4370 
Damage Fraction Critical .48 .44 .46 
Scenario "    Marginal .37 .46 .33 

"    Negligible .15 .10 .21 
Repairable .34 .73 .68 
Scrap .66 .27 .32 
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Punctures are defined here as holes penetrating through half 
the blade thickness. Damage of this type comprises 20 percent 
of external damage events and 15 percent of all damage scenario 
hits on the blades. Concepts 1 and 3 experience more spar 
punctures than the current blade design because of their 
larger spar presented areas.  Since punctures of the spar are 
considered to be critical, nonrepairable events, both of the 
new designs show an increase in the fraction of critical 
damage events. Concept 3, which has the largest spar presented 
area, exhibits the largest fraction of critical events.  The 
repairability of the current blade design and that of Concept 
1 are comparable, but that of Concept 3 is considerably less. 
The relatively large number of spar puncture events experienced 
by Concept 3 causes a significant reduction in the fraction of 
repairable puncture events. 

Foreign-object damage and tears are the remaining types of 
external damage causes.  These make up approximately 16 per- 
cent and 11 percent respectively of all external damage events 
and 13 percent and 8 percent respectively of all damage 
scenario events incident on the blade areas.  The fraction of 
critical events for these types of damage is comparable for 
the current blade and Concept 1, while Concept 3 shows a 
slightly smaller critical fraction. Virtually all tear and 
foreign-object damage experienced by Concepts 1 and 3 is 
repairable, which represents a substantial improvement over 
the repairability of the current blade. 

The data of Table XVII for the total of external damage causes 
indicate that Concepts 1 and 3 differ only slightly in the 
fraction of critical damage events, both showing significant 
improvement over the current blade design in this respect. 
The new designs also exhibit a substantial increase in re- 
pairability compared to the current blade. Concept 1 has a 
slight advantage over Concept 3 in repairability since Con- 
cept 3, due to its larger spar presented area, experiences 
more nonrepairable spar puncture damage events.  The total 
of external causes includes all events of the damage scenario 
falling on the blade presented area except those events de- 
fined as battle damage. Thus these data are considered to be 
representative of the comparative survivability of the three 
rotor blade designs in a noncombat environment.  For this 
case. Concepts 1 and 3 are both judged to be superior to the 
current blade design in survivability characteristics. Be- 
cause the differences indicated between Concepts 1 and 3 in 
the fraction of critical events and in repairability are 
relatively minor, these two designs are judged to be of 
approximately egual survivability in noncombat situations. 
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Battle damage, defined a/i projectile penetration through full 
blade thickness, accounts for 21 percent of all damage scenario 
events incident on the blade presented area. For this type of 
damage. Concept 3 shows a substantially greater fraction of 
critical events than either Concept 1 or the current blade 
design.  Once again, this is due to the significantly larger 
presented area of the formed sheet-metal spar experiencing a 
greater number of ballistic damage strikes, all of which are 
considered to be critical events.  Concepts 1 and 3 both offer 
substantially greater repairability for battle damage than the 
current blade design.  Concept 1, however, is still considera- 
bly more repairable than Concept 3 because the larger number 
of spar hits taken by Concept 3 are all nonrepairable. 

The total damage scenario data presented in Table XVII shows 
that Concept 1 has the smallost fraction of critical events, 
although the spread among the critical fractions for the 
three blade designs is not large.  In addition. Concept 1 
still holds an edge over Concept 3 in repairability, but both 
of these new designs are much more repairable than the current 
blade design. 

In summary, total system survivability from the safety view- 
point, as measured by the fraction of critical events for 
the total damage scenario, gives a slight advantage to Concept 
1 over Concept 3 and the current blade design.  However, 
differences noted in critical damage fractions for the three 
blade designs are negligible, for all practical purposes, in 
light of the qualitative judgments involved in evaluating the 
hazard classifications of damage events incident on the vari- 
ous rotor blade components.  From the rotor blade survivability 
viewpoint, as measured by the fraction of repairable damage 
events, both Concepts 1 and 3 are far superior to the current 
blade, with Concept 1 having an edge over Concept 3 because of 
the fewer number of nonrepairable events experienced by the 
Concept 1 spar.  In both respects, the survivaoility of Con- 
cept 3 suffers because of the large presented area of the 
formed sheet-metal spar exposed to the damage scenario. 
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LIFEKZYCLE COSTS 

Typical outputs from the life-cycle cost machine program are 
given in Appendix VII. Because of the rapid turnaround time 
from the conversational computer, it was possible to vary 
many of the parameters and establish trends. 

Table XVIII presents a comparison of the helic 
blade-related costs for the current UH-1H main 
and for each of the design concepts evaluated, 
parisons are made at mean-time-between-failure 
and 1000 hours applied to the current blade as 
operated. For the design concepts, these MTBF 
higher, dependent on the "survivability factor 
simply the ratio between the number of failure 
for the current blade and the number to which 
when the causes are applied to each field repa 
ble blade concept. A better term would be "re 
factor". 

opter life-cycle 
rotor blade 
These com- 

s of 600 hours 
currently 
's are somewhat 
", which is 
s accumulated 
these reduce 
irable/expenda- 
liability 

Figure 37 illustrates the effect of initial procurement cost 
on life-cycle costs, Figure 38 that of vulnerability and 
reliability, expressed as time between failures. Figure 39 
that of repairability, and Figure 40, that of fatigue life 
on life-cycle costs.  Figures 41 and 42 repeat Figures 38 and 
39, respectively, for a noncombat operational environment. 

It was initially intended that a value of 914 hours between 
failures, from Table E-I of Reference 1, would be used as the 
basis for determining rates of failure and life-cycle costs, 
as planned in Appendix II.  However, subsequent information 
has indicated that this may be an unconservative number, so 
the curves of Figures 38 and 42 are plotted for a range of 
failure rates. The other curves use 600 hours as the base 
MTBF. 

It should also be noted, from Appendix VII, that incorporation 
of depot repair in the maintenance cycle of the current blade 
saves an almost-negligible $700 (in $45,000) in the cost of 
each helicopter life cycle. 
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TABLE XVIII. LIFE- CYCLE COST SUMMARY 

Mean Time 1 Between Failures 600 Hours 1000 Hours I 
(Current Blade 

|         Conce] 

Anavattnna »a Base) 

at Life-Cycle Blade Costs $K| 

A.  With Combat 
i   Current UH- ■1D/H Blade 60.36 44.02 

1 33.86 27.16 
I           2 34.67 27.81     1 
!       3 48.37 38.98     1 
1           4 48.69 39.23 

5 46.15 37.18 
6 46.48 37.45 

|            7 34.15 27.39 

1            8 34.95 28.04 
1            9 34.11 27.37 
1          10 34.92 28.02 
1           11 38.92 31.40     1 
\                           12 39.79 32.03     | 

B.  Without Combat 
1    Current UH- -1D/H Blade 54.32 40.86 
|           1 31.15 25.47 

2 31.89 26.08 
3 44.48 36.08     | 
4 45.03 35.80 

|           5 42.43 36.22 
1            6 42.89 34.57     I 

7 31.41 26.68 

i            8 32.15 26.29 
9 31.39 25.66 

10 32.13 26.27 
1           11 35.89 29.45 

12 36.63 30.06 
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Figure 37, 
Life-Cycle Costs vs. Initial 
Procurement Costs. 
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Figure  39.     Life-Cycle Costs vs. Field Repairability. 
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Figure  40.     Life-Cycle Costs vs.  Fatigue-Limited 
Service Life. 
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CONCLUSIONS 

The application of maintainability and reliability criteria 
during the preliminary design phase has resulted in a 
significant theoretical reduction in potential blade-related 
life-cycle costs. These criteria were applied to all the 
field repairable/expendable main rotor blade concepts 
examined, and all show a reduction in cost below that of the 
current blade.  Figure 37 shows that for the FREE concepts, 
life-cycle costs are approximately proportional to initial 
procurement cost, while the current blade, whose initial 
price (at $3000) is toward the low end of the range, has the 
highest operating costs of all. 

During this phase of the program, it became evident that the 
maintainability analysts, who normally provide a service 
function after aircraft systems are in operation, are not 
accustomed to influencing the design process from its 
initiation.  One recommendation to be made here is that means 
should be found for using their valuable accumulation of 
experience from the start of design, of any system, as a 
matter of habit.  Reduced maintenance costs would then result 
from foresight rather than hindsight.  In Phase II of this 
program, the maintenance analysts will have drawing sign-off 
privileges. 

POTENTIAL FOR ACHIEVING PROGRAM GOALS 

Any of the design concepts examined shows a significant 
reduction in life-cycle costs below those attributable to the 
current blade.  With the exception of the acoustic signature, 
none of the technical requirements are jeopardized by any of 
the concepts, although special treatment of the aft surface 
may be required to avoid an increase in radar reflectivity. 
The technical, operational, and cost goals can be met, as 
outlined below. 

• Weight and Balance:  Each of the concepts studied can 
meet the weight and balance limits, with the appropriate 
design of tip weights. 

• Dynamic Characteristics: The computed dynamic behavior 
of all concepts is similar to that of the current UH-1H. 

• Stress Levels:  The concepts with aluminum spars show a 
slight reduction in margin of safety below that of the 
current blade.  This may result in a slight reduction in 
fatigue-limited allowable service life.  Figure 40 shows 
that a reduction in fatigue life has a relatively small 

124 

,- -■■ ' " ■^■.:.'.. ■ -1.- -     mmtm mmm 



I immm 'mm"  mm   ■ i mm mmm i    —- 

effect on life-cycle costs, which remain substantially 
reduced from those of the current blade. 

• Aerodynamic Performance: The aerodynamic performance is 
unchanged for six of the concepts, but those with the 
simplified airfoil may be penalized in forward flight by 
the decrease in drag-divergence Mach number. 

• Radar Cross Section:  The RCS study shows that the increased 
nose radius of the simplified section may give a minor 
increase in radar return from the leading edge and that 
the return in the trailing-edge aspect will be significantly 
increased.  The latter effect can be eliminated by the 
use of reflecting paint on the reinforced-plastic aft 
skins. 

• Acoustic Signature:  The noise generated by six of the 
concepts will be the same as that of the current blade, 
but those six having the simplified airfoil section 
cannot meet this criterion. 

• Maintenance Time:  The 95  percentile maximum elapsed 
time for active corrective maintenance is predicted to 
be below or very slightly above the 3.0-hour goal for 
each of the concepts. 

• Survivability:  The survivability of each of the concepts 
is expected to be slightly improved over that of the current 
blade. 

• Life-Cycle Costs:  Each of the concepts examined shows a 
theoretical prediction of helicopter life-cycle blade- 
related costs considerably below those associated with 
the current blade, in both combat and noncombat 
environments.  The lowest overall costs are associated 
with the lowest initial procurement price. 

CONCEPT SELECTION 

All of the concepts using the modified ("simplified") airfoil 
section are eliminated from contention by their degradation 
in acoustic signature, and possibly in forward-flight 
performance. 

Of the remaining six concepts, that with the lowest predicted 
life-cycle costs is Concept 2, which therefore is chosen as 
the concept with which the remainder of the program will 
continue. Although not a consideration in this selection, 
this concept is also the least expensive to manufacture in the 
quantities required for development. 
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APPENDIX  I 

DESIGN SPECIFICATION, 
HELICOPTER MAIN ROTOR BLADE 

1.0 GENERAL 

This  specification provides design requirements for a field-repairable/ 
expendable main rotor blade for a medium utility helicopter. 

1.1 System Compatibility 

The rotor blade shall be aerodynamically, dynamically, and structurally 
compatible with the airframe of the UH-1H helicopter, and with the 
missions for which that helicopter is used. 

1.1.1 The vibration level attributable to the main rotor shall not be 
increased from that of the UH-1H helicopter as equipped at the 
date of this specification. 

1.1.2 The loads applied to the rotor hub by the field-repairable/expen- 
dable blades shall not be so high as to reduce the fatigue life of 
the hub structure nor the service life of bearings or other com- 
ponents. The static strength of the hub shall not be exceeded. 

1.1.3 Clearance from the fuselage to the field-repairable/expendable blade 
shall not be significantly less than that to the current blade, i.e., 
the blade installed on the main rotor of the UH-1H helicopter at the 
date of this specification. 

1.1.4 The blade shall extend from the root cutoff at rotor station 24.5 
to the tip at rotor station 288.0 (24.5 and 288.0 inches, respect- 
ively, from the center of rotation) . The tip cap and tracking nib 
may extend beyond rotor station 288.0 by no more than 1.63 inches, 
but major structural components shall not. 

1.1.5 The chord length shall be 21.0 inches, constant from root to tip. 

1.1.6 The maximum thickness of the clean airfoil section shall be 2.52 
inches. 

1.1.7 The blade shall be twisted 10.9° from the center of rotation to the 
tip (27.27' per foot). 

1.1.8 The root attachments shall be a 2.5-inch bolt at rotor station 28.0 
and chord station 3.750 (measured from the leading edge) and a 
1.125-inch bolt at rotor station 26.0 and chord station 19.5. The 
thickness through the main retention shall be 4.5 inches, and 1.9 
inches through the drag strut fitting. 

■ 
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l.Z    Interchangealaili^y 

It shall  be possible to remove any one blade of the field-^repairable/ex- 
pendable series and replace it by another of the series and achieve bal- 
ance,  track, and acceptable flying qualities without adjustment of 
weights.     The only acceptable adjustments will be to the pitch link and 
trim tab. 

1.3 Expendability 

To meet the requirement that the cost impact of abandoning the blade be 
minimized, the blade price in quantity production shall not exceed $4000 
per unit. 

1.4 Reliability 

The occurrence of damage due to inherent causes shall be minimized, 

1.4.1 If any materials are used which are not known to be corrosion re- 
sistant, such materials will be protected against corrosion per 
MIL-F-7179D, Type 1. 

1.4.2 The leading edge shall be protected against erosion by rainfall as 
defined for Category 2 of AR 70-38. The blade shall be assumed to 
operate in the 12-hour rainfall defined in 2-8c of AR 70-38 for 10% 
of its allowable service life. The leading edge shall not be 
eroded sufficiently to cause significant degradation in aerodyna- 
mic performance or structural integrity. 

1.4.3 The leading edge shall be protected against abrasion by sand and 
dust as defined for Category 4 of AR 70-38. The blade shall be 
assumed to hover in ground effect for 3% of its allowable service 
life, in sand and dust particles as defined in 2-10f and 2-10g of 
AR 70-38, except that, for unit ground area, sand particles shall 
be distributed up to the rotor height, with half the particles 
below 1/10 rotor height, and dust particles will be distributed 
to the rotor height. 

1.4.4 The number of adhesive bond lines subject to delamination shall be 
minimized. The basic blade (excluding root and tip reinforcement 
and hardware) shall be made up of not more than eight components. 

1.5 Vulnerability 

The severity of damage due to external causes shall be minimized, 

1.5.1 Thin sheet components shall be of such thicknesses and materials 
as to resist damage due to impact equivalent to a 1-pound steel 
ball dropped from a height of 2 feet. 
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1.5.2 Thin sheet components shall be of materials such that puncture 
damage will not ünmediately propagate into a tear. 

1.5.3 Internal support structure shall be of resilient material such 
that negligible surface damage does not cause internal damage. 

1.5.4 Impact with immovable objects, such as a tree strike, having 
energy insufficient to cause significant damage to structural com- 
ponents shall not cause delamination of adhesive bond joints. 

1.5.5 No component shall be of any material that will shatter or dis- 
integrate due to nonexplosive ballistic damage, up to and includ- 
ing penetration by a 23mm API round. 

1.6 Survivability 

The rotor blade shall be designed so that initially marginal damage shall 
not b come catastrophic before the aircraft can return to base. 

1.6.1 Where possible, primary structure shall be designed with alter- 
nate load paths, each capable of carrying the centrifugal force 
and bending mome.ts associated with undamaged blades in maneuvers 
up to 1.2 g at cruise speed, for a minimum of ten (10) hours. 

1.6.2 Materials shall be used throughout whose crack propagation rates 
are slow enough that initially marginal damage shall not become 
catastrophic for a minimum of ten (10) hours, under the centri- 
fugal force and bending moments associated with undamaged blades 
in maneuvers up to 1.2 g at cruise speed. 

1.6.3 On impact with immovable objects, damage shall be confined to 
deformation, or bending, and no component shall fracture or separ- 
ate. 

1.6.4 Nonexplosive ballistic damage, up to and including penetration by 
a 23mm API round, shall not be catastrophic; that is, material 
dislodged or detached from the blade shall be of insufficient 
mass to cause an unmanageable increase in vibration level in the 
aircraft. 

1.7 Maintainability 

All allowable repairs shall be safely and reliably accomplishable at the 

using unit level. Routine maintenance shall be performed at the using 
unit level. 

1.7.1 Repairs requiring replacement of primary structural material shall 
not be peimissible, and damage to such material shall be cause 
for scrap. Delamination of adhesive bonds involving primary 
structure shall be cause for scrap. 

131 

■•■i '-■■'■ '•' -'''■  ' ■--■'■■—-■ a ■ - ■ ■^..^■'■-i-**** 



1.7.2 The skill level of the maintenance personnel shall be that of a 
UH~1 helicopter repairman, MOS 67N20. 

1.7.3 No more than two men rliall be required to accomplish any indivi- 
dual maintenance action, exluslve of blade removal and replacement. 

1.7.4 The time goal to accomplish any individual repair shall be no 
greater than 3.0 hours, including any required adhesive cure time 
and correction of balance and track. 

1.7.5 Not more than 5% of the repairable damage occurrences shall re- 
quire removal of the blade from the aircraft. 

1.7.6 The maximum elapsed corrective maintenance time (at the 95th 
percentile confidence level) to return the aircraft to operational 
readiness status shall be 3.0 hours, for the entire population of 
corrective maintenance tasks. 

1.7.7 Blade balance shall be corrected using easily accessible adjust- 
able weights installed at the tip. The amount of weight change 
shall be simply defined and related to each individual repair. 

1.7.8 Dents, nicks, and scratches shall be repaired by blending and/or 
filling, unless structural or contour degradation is not signifi- 
cant. 

1.7.9 Repairs to punctures, tears, and cracks shall be designed to mini- 
mize stress concentrations, and shall be permissible only in those 
areas and materials where stress concentrations will not cause 
subsequent secondary failures. 

1.7.10 Punctures, tears, and cracks shall be cleaned up and repaired 
using standard, prepackaged repair kits. The repair kits shall 
contain patch materials (protected against contamination) , clean- 
ing materials, and adhesives in measured quantities appropriate 
to the patch size. 

1.7.11 Heat and pressure sources will preferably be self-contained in the 
repair kits, but use of aircraft on-board auxiliary power will be 
permissible. 

1.7.12 Support equipment needed to effect repairs shall be minimized 
and shall be suitable for deployment at company level. 

1.8 Radar Cross Section 

The radar return, at all frequencies appropriate to possible threat ra- 
dars, shall not exceed that of an all-metal blade of 288.0 inches radius, 
21.0 inches chord, and NACA 0012 airfoil section. 
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1.8.1 The total of the appropriately weighted returns frcn both lead- 
ing- and trailing-edge aspects shall not exceed that of the tar- 
get described above. 

1.8.2 The peak return at any aspect shall not exceed the peak return 
from the target described above. 

1.9   Acoustic Signature 

The acoustic detectability of the fie Id-repairable/expendable blade 
shall not exceed that of a blade of 288.0 inches radius,  21.0 inches 
chord,  and NACA 0012 airfoil section,  with square tips. 

2.0 WEIGHT AND BALANCE 

The weight and balance characteristics shall not represent a degradation 
from the current blade,  in terms of rotor system and control system 
loads, but the field-repairable/expendable blades need not be directly 
interchangeable with the current blade. 

2.1 Total Weight 

The total weight, including balance adjustment, of the field-repairable/ 
expendable rotor blade, based on nominal component dimensions and mater- 
ial densities, s?iall not exceed 203.5 pounds. 

2.Z    Mass Moment About Center of Rotation 

The nominal first moment of mass about the center of rotation shall not 
exceed 29,000 in.-lb. 

2.3 Chordwise Center of Gravity 

The nominal center of gravity shall not be farther than 5.78 inches 
(27.5% chord) from the leading edge. 

2.4 Dynamic Mass Axis 

The dynamic mass axis, or span-weighted chordwise center of gravity, as 
obtained by dividing the nominal product of inertia about the leading 
edge and center of rotation by the nominal first moment of mass about 
the center of rotation, shall not be farther than 5.15 inches (24.5% 
chord) from the leading edge. 

2.5 Kinetic Energy 

In order to provide sufficient response time in the event of an engine 
failure, the second moment of mass about the center of rotation shall not o 
be less than 1000 slug-ft    for one nominal blade. 
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3.0 STRUCTURE 

The strength and stiffness of the blade structure shall not allow a sig'- 
nificant decrease in fatigue life,  nor a significant degradation in dy- 
namic characteristics,   from those of the current blade. 

3.1 Static Strength 

The bending strength of the blade shall be capable of supporting the 
blade as a cantilever under an ultimate acceleration of at least 4.0 g. 

3.2 Fatigue Strength 

The fatigue life under the maneuver spectrum defined for the UH-1H 
utility mission shall not be less than 2000 hours. 

3.3 Flatwise Stiffness 

The flatwise bending stiffness shall be such that the downward deflection 
at the blade tip, under  1.0 g acceleration, with the root fixed in a 
horizontal attitude,  shall not exceed 8.0 inches. 

3.4 Edgewise Stiffness 

In order to provide sufficient margin beyond ground self-excited mechani- 
cal instability limits, the edgewise bending stiffness at rotor station 
81.0 shall not be less than 2.2 billion lb-in2. 

3.5 Torsional Stiffness 

In order to ensure that torsional and coupled modes of blade vibration 
have no greater significance than those of the current blade, the tor- 
sional stiffness of the field-repairable/expendable blade shall average, 
over the span, no less than 29.0 million lb-in2 and shall not be less 
thar 31.0 millirn lb-in2 at rotor station 81.0. 

4.0 SPARS 

4.1 Spars composed of more than one component shall have structural 
material apportioned between the components so that residual 
strength after complete failure of any one component will allow 
operation for a minimum of ten  (10)   hours under the loads and 
moments defined in 1.6.1. 
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4.2 Thicknesses and types of adhesives between spar components shall be 
selected so as to delay crack propagation across any bond line for 
a minimum of ten (10) hours of operation under the loads and moments 
defined in 1.6.1 and 1.6.2. 

4.3 Spars composed of one component shall be made from material whose 
crack propagation rate shall allow normal operation for a minimum 
of ten (10) hours from failure initiation to critical failure, under 
the loads and moments defined in 1.6.2. 

4.4 Both internal and external surfaces of the spars shall be resistant 
to or protected from corrosion so as to remain serviceable for a 
minimum of five (5) years. 

4.5 Spar repairs shall be limited to blending and/or filling of dents, 
scratches, and nicks. 

5.0 SKINS 

5.1 Skin materials shall be corrosion resistant. 

5.2 Skin thicknesses and materials shall be selected so that impact as 
defined in 1.5.1 shall cause negligible or no damage. 

5.3 The structural design of the blade shall be such that a complete 
chordwise skin failure aft of the spar shall not be catastrophic. 

5.4 The crack propagation rate of the skin material shall be such as to 
allow normal operation for a minimum of ten (10) hours from failure 
initiation to a complete chordwise skin failure, aft of the spar, 
under loads and moments as defined in 1.6.2. 

5.5 Thicknesses and types of adhesives between skins and adjacent pri- 
mary structure shall be selected so as to delay crack propagation 
from skin to adjacent structure for a minimum of ten (10) hours of 
normal operation under loads and moments as defined in 1.6.1 and 
1.6.2. 

5.6 To minimize stress concentrations in adjacent structure due tu a 
failure in the skin, the modulus of elasticity of the skin material 
shall not be greater than that of any adjacent primary structural 
material. 

5.7 Nicks and scratches in nonmetallic skins less than one-half the skin 
thickness shall be considered negligible, but they may be filled to 
improve appearance. 

5.8 Any damage to nonmetallic skins exceeding one-half the skin thick- 
ness shall be removed and repaired using a suitable patch kit. 
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5.9 Skin repairs and patch kits shall be so designed that the fatigue 
life of a patched skin shall be no less than the allowable service 
life of the undamaged blade, 

5.10 Nicks and scratches in metal skins shall be polished out to a depth 
not more than one'-half the skin thickness,  or  .015 inch, whichever 
is least. 

5.11 Any damage to metal skins exceeding one-half the skin thickness or 
.015 inch shall be cause for scrapping the blade. 

5.12 Dents less than   .030 inch deep and having unbroken surfaces,  in 
either metal or nonmetal skins,  shall be considered negligible. 

6.0 SKIN  INTERNAL  SUPPORT STRUCTURE 

6.1 Internal structure under and between the skins shall be of corrosion- 
resistant material. 

6.2 Entrapment and migration of moisture internally shall be minimized. 

6.2.1 Honeycomb internal structure shall be nonperforated. 

6.3 For any given damage occurrence, damage to the internal structure 
shall be no more severe than damage to the skin. 

6.4 If damage to internal structure is expected to accompany skin damage 
as defined in 5.8, repair material for internal structure must be 
included in the patch kits. 

7.0 TRAILING  EDGE 

If a separate  structural spline is used in the trailing edge,  it shall 
meet the following requirements. 

7.1 The spline shall be fabricated from corrosion-resistant material, or 
protected  from corrosion so as to remain serviceable for a minimum 
of five   (5)   years. 

7.2 The spline shall suffer no significant damage from impact equivalent 
to that of a 24-ounce ball-peen hammer allowed to swing freely 
through a 2-foot arc on a 3-foot radius. 

7.3 Nicks,  scratches, and cracks not extending under the skin shall be 
repairable by blending.    Permissible  limits of material removal will 
be determined from the overall structural characteristics of the 
blade. 
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7.4 Surfaces exposed by repair shall be protected from corrosion so as 
to remain serviceable for a minimum of five  (5)  years« 

7.5 Repairs requiring replacement of spline structural material shall 
not be permissible. 

7.6 Spline material shall be selected so that its crack propagation 
rate shall allow operation for a minimum of ten   (10) hours between 
failure  initiation and complete spline failure, under loads and 
moments as defined in 1,6.2. 

8.0 LEADING-EDGE  ABRASION SHEATH 

8.1 Nonremovable leading-edge protection material shall be capable of 
operating in the sand and rain environments described in 1.4.2 and 
1.4.3 for at least the allowable service life of the blade without 
being abraded, eroded, or corroded through to its substrate. 

8.2 Any leading-edge protection material which is not capable of meeting 
the requirement of 8.1 shall be designed to be removable. 

8.3 Removable leading-edge protection material shall be capable of 
operating in the sand and rain environments of 1.4.2 and 1.4.3 for 
a minimum of 500 hours without being abraded, eroded, or corroded 
through to its substrate. 

8.4 For any removable leading-edge sheath, it shall be possible to remove 
the protection material and clean off its supporting adhesives with- 
out any damage to other blade components. 

8.5 Removable leading-edge sheaths shall be replaced using prepackaged 
kits including replacement parts, cleaning materials, and adhesives. 

8.6 Replaced leading-edge sheaths shall be capable of meeting the 
requirement of 8.3. 

9.0 LEADING-EDGE  BALLAST 

9.1 Impact with an immovable object, such as a tree strike, with in- 
sufficient energy to bend or severely deform the blade shall not 
detach the leading-edge ballast from its  surrounding structure. 

9.2 Mechanical retention capable of retaining the leading-edge ballast 
for a minimum of ten  (10)  hours under normal centrifugal force, 
in the event of severe blade damage detaching the adhesive bond 
between the ballast and surrounding structure,   shall be provided. 

9.3 Removal and replacement of leading-edge ballast shall not be 
permitted. 
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10.0 ROOT REINFORCEMENT 

10.1 If the root reinforcement is designed to be attached outside the 
basic blade structure, the reinforcement shall be capable of 
carrying the centrifugal force and bending moments as defined in 
1.6.1  for a minimum of ten  (10)   hours with the reinforcement 
completely detached from one or the other surface of the blade. 

10.2 Nicks and scratches shall be repaired by blending.    Permissible 
limits of material removal shall be determined from the structural 
characteristics of the blade root. 

10.3 Cracks,  dents,  and punctures shall  be cause for scrapping the 
blade. 

10.4 Repairs requiring replacement of material other than nonstructural 
filler or paint shall not be permissible, and such damage shall be 
cause for scrapping the blade. 

11.0 TIP 

11.1 Tip covers shall be interchangeable independent of blade disposi- 
tion. Weights of all tip covers shall fall within a range of .02 
pound. 

11.2 Tip covers susceptible to abrasion, erosion, or corrosion shall 
remain serviceable for a minimum of 500 hours between replacements 
in the rain and sand environments described in 1.4.2 and 1.4.3. 

11.3 Adjustable tip balance weights shall be easily removed and replaced 
with standard tools normally available at the using unit level. 

11.4 It shall be impossible to reinstall adjustable tip weights in in- 
correct locations. 

12.0 ADHESIVE SYSTEMS 

12.1 Adhesives used in the skin and core area shall have a low percen- 
tage of volatiles to be compatible with the nonperforated core 
specified in 6.2.1. 

12.2 Adhesives subject to environmental deterioration shall be sealed 
along all exposed bond line edges. 

12.3 Adhesives used to effect repairs by patching shall be capable of 
supporting the patch for the allowable service life of the blade 
under the full spectrum of loads and moments appropriate to the 
patch location. 
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12.4 Adhesive used to attach a removable leading^edge protection sheath 
shall be capable of supporting the sheath throughout its replace- 
ment life. 

12.5 Adhesives used to effect repairs shall have cure times compatible 
with the elapsed time limitation of 1.7.4, 

12.6 Adhesives used to effect repairs shall utilize heat and pressure 
sources as defined in  1.7.11. 
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APPENDIX   II 

RELIABILITY PROGRAM PLAN 

This plan presents the method of approach to the analysis of the 

reliability of the field-repairable/expendable main rotor blade 

concepts developed under this contract.    Together with the 

maintainability analysis,  this reliability analysis will pro- 

vide the basis for estimating ]ife-cycle costs to develop the 

cost effectiveness of the various concepts relative to each 

other and to the standard UH-1H main rotor blade. 

The reliability analysis will be based on field experience with 

the UH-1H helicopter,  as presented in Reference 1, modified for 

differences in design between the field-repairable/expendable 

concepts and the  standard blade. 

The analysis performed for the reliability of the concept 

chosen for hardware development will be refined during the 

detail design phase and will be further refined at the con- 

clusion of the programs to reflect experience gained during 

the test phases.    The final life-cycle cost analysis will be 

based on this last refinement. 
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INTRODUCTION 

The reliability program outlined in this plan is a basic requirement of 

the field-repairable/expendable main rotor blade development program 

performed under this contract. The aim of the contract is to develop 

a main rotor blade concept which will have the best possible cost- 

effectiveness on a life-cycle basis. The quantitative measure of cost- 

effectiveness is determined by a life-cycle cost analysis, the basic 

ingredients of which are the initial procurement cost, the reliability 

in terms of f si lure frequency and severity, and the maintainability as 

measured by the cost and elapsed time for each permissible repair. 

The initial reliability analysis will be performed on each of several 

concepts during the preliminary design studies of Phase I, will be modi- 

fied, as necessary, for the selected concept during the detail design 

in Phase II, and will finally be refined in Phase V to incorporate any 

reliability determinations found during the hardware Phases III and IV. 

The field experience gained with the UH-1H rotor blades and reported 

in Reference 1 will be used as the basis for a failure modes and effects 

analysis which will then be modified for each of the repairable/expendable 

concepts, reflecting differences in detail design. The failure modes and 

effects analysis will include type of failure (dent, scratch, puncture, 

delamination) , cause (inherent, impact, ballistic), location, behavior, 

classification as to hazard level (negligible, marginal, critical, 

catastrophic), dependent (secondary) failures, detectability, and probable 

disposition (repair on aircraft, repair off aircraft, scrap) . 
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Reference  1 will be used as the basis for the failure analysis of the 

current UH-1H blade.    Various samples of the standard blade have been 

collected and analyzed, giving the best available values for mean-time- 

between-failure,   scrap and repair rates, proportions attributable to 

different causes,  and occurrence of different types of  failure.    Because 

different types of data have been presented in different samples,  the 

overall picture of actual  field experience will be  a composite of the 

most applicable analyses and tables in Reference 1. 

The resulting analysis of the current UH-1H main rotor blade relia- 

bility will be theoretical  in nature, but will be at least as accurate 

as any statistical analysis based on comparatively small and relatively 

diverse samples drawn from a large population.    The use of this analysis 

to compare the field repairable/expendable blade concepts with each 

other and with the current UH-1H rotor blade is perfectly valid. 

All available sources of reliability data will be investigated for 

suitable information about blades, components, and materials.    Among 

these are Volumes I and II of Reference 11 and various other 

accumulations of historical records. 
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PHASE I EFFORT 

During the preliminary concept design studies of Phase I, detail 

features of the field repairable/expendable blade concepts will be 

compared with similar features of the Uh-IH blade for which service 

experience has already been determined.  Wherever possible, those 

design details which have contributed to a high failure rate will 

be avoided, and other materials, components, or assemblies having 

improved reliability will be substituted. For example, relatively 

thick reinforced plastic materials may be substituted for thin 

sheet metal, and resilient non-metallic sheet may replace the vul- 

nerable aluminum foil in the honeycomb core.  In areas where cor- 

rosion or erosion has been a problem, other materials having greater 

resistance to such environmental effects will be substituted, if 

available. 

Short term effects will also be considered, in order to avoid 

critical or catastrophic failures to the greatest extent possible. 

Materials having low crack propagation rates will be investigated, 

and fail-safe alternate load paths will be incorporated wherever 

possible. For example, in choosing between aluminum alloys, cer- 

tain alloys such as 6061 have low yield strength but also low crack 

growth rates when compared to higher strength, more commonly used 

structural alloys such as 2024. Although a reduction in the number 
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of bonded joints may produce some improvement in inherent relia- 

bility« bond lines can be effective crack inhibitors and may pro- 

vide several parallel load paths which will redistribute the load 

after a failure, enhancing fail-safety. 

Standard Blade Experience 

From Table E-I, page 77 of Reference 1 the mean-time-between- 

removals for repair or scrap is established as 914 hours.  Since 

no retirements for time change are included in this sample, and 

since all repairs of the standard blade are accomplished off the 

aircraft, the rate of removal is also the rate of failure.  Thus, 

mean-time-between-failures for the current UH-1H main rotor blade 

will be taken as 914 hours. 

Prom Table H-I, page 112 of Reference 1 it is seen that out of 

331 blades removed, 232 were scrapped, 84 were repaired, and the 

dispositions of 15 were determined later, outside the sample. Thus, 

of these failures, 232/316 or 73.4% were scrapped, while 26.6% 

were repaired and readied for service. These proportions are 

applicable to the total population. 

Thus, the rate of failure is 1/914 or 1.094 x 10~3 failures per 

hour, and the rate or scrap is .734 x 1094 x 10"3 or .803 x 10"3 

scrapped per blade hour.  It can be assumed that the rates 
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of failure and scrap are constant throughout the service life, so 

that for a given initial population, the number of blades remain- 

ing at any given time diminishes exponentially as service life 

progresses. 

Nt ■ N.e 
t 

"MT«F4 
where N •*    number in initial population 

Nt ■ number remaining at time t 

MTBFS « mean-time-between-scrap due to 

failure 

Hence, for an allowable life TR , the number of blades of the 

initial population retired for time-expiration is the number re- 

maining at time Tg 

N.e 
~MT8PS 
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At tine TR all regaining blades are removed from service and 

the area under the curve represents the total time on all N 

blades. 

Total time on all blades thus is 

T, 

N  J    e ^ Mref, dt 

- N . MTBFS (1 - e MTBF»  ) 

Since all N blades have been replaced 

MTBRep  =  MTBFS (1 - e MTB'r« ) 

where MTBRep » mean-time-between-replacements 

For   MTBFS  - 1/.803 x 10"3 *    1245 hours 

and      TR  ■ 2500 hours 

MTBRep = 1078 hours 

Rate of replacement = 1/1078 ■ .928 x 10~3 per hour 

Bate of retirement  =»  (.928 - .803)xl0'3 » .125 x ID"3 per hour 

Rate of scrap - .803 x 10"3 per hour 

Rate of repair     - (1.094 - .803)xl0"3 » .291 x 10"3 per hour 

Rate of removal (total) ■ 1.219 x 10~' per hour 
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Mean-time-bctween-removais for failure or retirement 

= 1/1.219 x lO"3 - 820 hours 

Referring to Table H-l of Reference 1,  the ratios of scrap to 

repair are 61;34 for inherent damage and 171:50 for external 

causes. The sample is too small for smaller subdivision. Table 

D-l, page 60 of Reference 1, gives a total of 7,329 failure 

causes.  A failure modes and effects analysis will be genera- 

ted for the current UH-1H blade based on these cause occurr- 

ences, with the inherent to external ratio adjusted to conform 

with Table H-l. Dispositions will be determined so as to con- 

form wit1: Table H-l also. 

Using these criteria, a failure modes and effects analysis 

can be constructed. The rates of scrap, field repair, and 

depot repair will conform with Table H-l of Reference 1. The 

retirements due to time-expiration will not be incorporated 

in the failure analysis, but will be an input to the cost 

analysis. Locations of failures will be determined by the 

damage scenario specified by the Government. 
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Adaptation to New Concepts 

For each of the design concepts considered for the field repairable/ 

expendable main rotor blade, the failure modes and effects analysis, 

developed to represent the reliability history of the current UH-1H 

blade, will be examined failure by failure for applicability to the 

new concept.  Where materials are substituted, the depths of damage 

specified by the damage scenario will be adjusted accordingly, using 

factors agreed to by the Government. 

The survivability of each blade concept will be determined as part 

of the failure modes and effects analysis.  Any increase in the 

rate of critical or catastrophic failures will be cause for rejec- 

tion or modification of the concept. 

The ultimate disposition of each cause or type of failure will be 

determined during the maintainability analysis, but will be incor- 

porated in the failure analyses for completeness and to facilitate 

use in the life-cycle cost analyses. 

Comparison between materials and methods of fabrication will be 

made using, where applicable, accumulated historical reliability 

data from helicopters having main rotor blades incorporating most 

commonly used materials and structural systems.  Available data 

includes U.S. Marine Corps 3-M System Data for UH-1E, CH-46, CH-53, 

AH-1G, and AH-1J helicopters for the two-year period endinr in 
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June 1971, siini.lar data for the Navy TH^57Af and the complete 

fleet history from introduction to the present for the Navy 

liH-2 series.  Amy TAMMS data is available for CH^TA, CH-54A, 

and OH-6 helicopter types. These collections of reliability 

and maintenance data include failures by number and cause, an 

analysis of repair times by man-hours and down-time, and fre- 

quencies of aborted missions. 
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PHASE II REFINEMENT 

When Phase I has been completed and the concept for further develop- 

ment selected, the failure modes and effects analysis developed for 

that concept will be subjected to failure-by-failure scrutiny dur- 

ing the detail design phase. 

As Phase II proceeds, it is expected that as the detail drawings 

are refined for manufacture, the failure analysis will also be 

refin i to incorporate changes in detail design and to reflect more 

accurate definition of detail components. This process will con- 

tinue until the final drawings are completed and released for manu- 

facture. 

Because the final design will differ only in detail from the selec- 

ted concept, the reliability effort during Phase II will not be 

extensive, and will consist primarily of monitoring minor design 

changes for reliability and survivability significance. 
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FINAL RELIABILITY ANALYSIS 

During Phase III, certain bench and whirl tests and the maintain- 

ability demonstration will have direct bearing on the reliability 

analysis. Crack growth rates will be determined during structural 

bench tests, while the survivability of the blade after suffering 

damage will be proven during the whirl tests. It is probable that 

the results of these tests will provide reasons for modification 

of the assumptions made during the preliminary failure modes and 

effects analysis, since specific values for crack propagation 

rates and occurrence of secondary failures will become available. 

The maintainability demonstration will confirm the maintainability 

analysis and provide final determination of the scrap or repair 

dispositions. 

Phase IV, the flight test phase, is not expected to affect the 

reliability analysis, although there is a remote possibility that 

unexpected secondary failures may be evidenced. 

At the conclusion of Phase IV, all indications of incipient or 

actual failure occurring during the ground or flight tests will 

be analyzed and their effects on reliability assessed. These 

effects will be incorporated in the final failure modes and 

effects analysis for incorporation in the final report, and 

will form the reliability input to the life-cycle cost analysis 

of the developed blade design. 
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SCHEDULE OF TASKS 

The reliability progrcim is broken down into the following basic 

tasks: 

1.0 Phase I. 

1.1 Failure modes analysis of standard UH-1H blade.  (Mode, 

cause, hazard level, primary, secondary, and total failure 

rates, inherent, external, and combat rates.) The damage 

scenario shall be used to determine location and severity 

of foreign object and ballistic damage. 

1.2 Prediction of scrap or repair disposition to conform with 

UH-1H history. 

1.3 Adaptation of the failure modes and effect analysis to 

each repairable/expendable concept. 

1.4 Incorporation of disposition of each failure as determined 

by maintainability analysis. 

1.5 Incorporation of FMEA in Phase I Interim Technical Report. 

2.0 Phase II. 

2.1 Refinement of failure modes and effects analysis for 

selected concept. 

2.2 Incorporation of FMEA in Phase II Interim Technical Report. 

3.0 Phase III. 

3.1 Accumulation of reliability data fron bench tests of as- 

manufactured blades. 
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SCHEDULE OF TASKS (continued) 

3.2 Accumulation of survivability data from bench tests of 

damaged blades. 

3.3 Accumulation of reliability data from whirl test of damaged 

blades. 

3.4 Confirmation of repairability criteria from maintainability 

demonstration. 

4.0 Phase IV. 

4.1 Investigation of any reliability questions occurring during 

flight test. 

5.0 Phase V. 

5.1 The predicted failure modes analyris developed in Phase 

I and refined in Phase II for the selected field repair- 

able/expendable blade design, shall be revised to incor- 

porate all reliability data accumulated during Phases III 

and IV. 

5.2 The finalized failure raodes and effects analysis shall be 

incorporated in the Final Technical Report. 

Figure 43 presents the schedule to which these tasks will 

be performed. 
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APPENDIX III 
MAINTAINABILITY PROGRAM PLAN 

INTRODUCTION 

This plan identifies the tasks to be undertaken in the main- 
tainability program for the Field Repairable/Expendable Main 
Rotor Blade being developed under USAAMRDL Contract No. 
DAAJ02-73-C-0006.  It also delineates the policies, procedures 
and schedule for accomplishing these tasks. 

The objective of this program is to design and develop a heli- 
copter main rotor blade which provides the best overall cost- 
effectiveness on a life-cycle basis.  The quantitative measure 
of cost-effectiveness is to be determined by a life-cycle cost 
analysis of competing blade design concepts.  Since maintenance 
and repair represent significant elements in the total cost of 
operation, maintainability becomes an important factor of 
design. 

The development program will be carried out in five phases. 
The first of these will evaluate and compare several competing 
blade concepts.  In the second phase the concept selected at 
the conclusion of the first phase will be designed in detail 
and manufacturing drawings produced.  In the third and fourth 
phases a prototype quantity of blades will be fabricated and 
tested on the ground and in flight, demonstrating survivability 
and maintainability as well as technical adequacy.  Finally, 
in the fifth phase a final analysis and report will be pre- 
pared covering all the pertinent data, results, and conclusions 
generated in the first four phases. 

Because many of the maintainability activities span two or more 
program phases, this plan has been arranged to cover each 
activity only once and to relate maintainability activities 
to the appropriate program phases in a Schedule of Tasks at 
the conclusion of the plan.  The organizational and functional 
relationships of maintainalility and other program elements 
are described at the outset of the plan.  The basic philosophy 
and assumptions governing the application of maintainability 
to this program are described next, followed by a discussion 
of statistical techniques and trade-off considerations. The 
techniques and procedures for conducting maintainability allo- 
cations, analysis and predictions are fully described. 

The approach toward development of repair kits and equipment 
is also discussed.  A preliminary outline of the maintain- 
sbi.lity demonstration plan is presented.  The Schedule of 
TarKs concludes the plan. 
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ORGANIZATIONAL STRUCTURE 

The contractor's Maintainability Engineering is under the 
Customer Service Department.  Personnel assigned to the main- 
tainability project on the field repairable/expendable blade 
will be administratively responsible to the Supervisor of 
Maintainability and will functionally work closely with the 
principal investigator on the program.  The success of an 
R&D program such as this is much influenced by the working 
relationship and flow of communication between members of the 
technical team.  For this reason, maintainability will be 
treated as an integral part of the rotor blade concept formu- 
lation, design and test.  An informal, free exchange of ideas 
between design engineering and maintainability will be en- 
couraged.  Sufficient controls will be maintained, however, 
to insure that the Army's maintainability goals are achieved. 
This will include a formal sign-off of engineering drawings 
by Maintainability prior to release for manufacturing. All 
design recommendations and trade-offs affecting maintain- 
ability will be documented and retained for review by the 
Army. Maintainability will participate in progress meetings 
and technical briefings for the Contracting Officer. 

Maintainability Interfaces 

Maintainability interfaces importantly with all of the other 
engineering activities in the program as shown in Figure 44. 
Reliability Engineering supplies failure rate data and 
failure modes and effects analyses as input information to 
the maintainability analysis and prediction.  During design 
reviews and trade-offs, reliability and maintainability 
jointly assess the impact of design decisions on overall 
systems effectiveness. 

Maintainability input to the Design Engineering group in- 
cludes qualitative design guidance and quantitative maintain- 
ability (repair time) allocations. A continuous interchange 
of information is maintained between Maintainability and 
Design Engineering throughout design development.  System 
Test interacts with maintainability continually throughout 
the installation and test phases of the program, expecially 
during the maintainability demonstrations and test period. 

Maintainability also coordinates effectively with other pro- 
gram activities such as Logistics Support and Program Manage- 
ment as shown in Figure 44. 
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PHILOSOPHY AND ASSUMPTIONS 

One of the premises which must be recognized in the design of 
a field repairable/expendable main rotor blade is that repairs 
must be confined largely to those accomplished on the installed 
blade.  Repairs which require removal of the rotor blade are 
to be avoided since the repair task then becomes more diffi- 
cult than replacing and scrapping the damaged blade.  Despite 
policies to the contrary, experience shows that maintenance 
personnel will terd to take the most expedient route to re- 
storing aircraft readiness, particularly under the stress of 
field operations,.  This being the case, repair of the rotor 
blade will be undertaken primarily when blade replacement 
becomes a more difficult and time-consuming alternative. 

The design philosophy adopted 
make the repair-or-scrap decis 
This suggests that design for 
the alternative is an involved 
repairability is the preferred 
itself to a relatively simple, 
installed rotor. Economic con 
adherence to this philosophy i 
ultimate aim is to provide the 
and the maintenance policy mus 
jecti/e. 

in this program should seek to 
ion obvious to the mechanic, 
expendability be pursued when 
off-aircraft repair.  Conversely, 
approach when the repair lends 
quickly performed task on the 
siderations may not permit rigid 
n every instance, however.  The 
best overall cost-effectiveness 

t be consistent with this ob- 

The maintenance concept specified by the Army for the field 
repairable/expendable main rotor blade allows a maximum 
corrective maintenance time, MIpax, at the 95th percentile of 
3 hours.  This is to include the tasks of locating, isolating 
and correcting the fault (including any adhesive cure time) 
and placing the aircraft in an operational status. 

In the UH-1 Rotor Blade Design Cost Comparisons the man-hours 
required to remove and install the UH-1 rotor blade is given 
as 7.5 men-hours. Assuming an average of two men for this 
task, th3  elapsed time for blade removal and installation is 
3.75 hours.  In design of the field repairable/expendable blade, 
the repairability/expendability ratio will be dictated by the 
cost-effectiveness characteristics of various design approaches, 
moving in the direction of expendability as the cost of scrap- 
ping the blade becomes less than that of repair. 

Obviously, the selected concept might conceivably be a com- 
pletely expendable rotor blade, one whose cost of fabrication 
was so low that scrapping the blade would be economically 
justified whenever damage exceeded minor surface repair. 
With an expendable rotor blade, the maintenance task in the 
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event of damage or failure is to replace the blade.  But, 
this task alone exceeds the 95th percentile corrective main- 
tenance time specified by the Army. 

Since it is not within the scope of this contract to improve 
the design of the blade installation, there is no opportunity 
for reducing replacement time other than to perhaps facilitate 
the balancing and tracking tasks to some degree.  It might be 
possible to recommend improvements in the maintenance pro- 
cedures associated with blade replacement, although the possi- 
bilities here are very remote in view of theArmy's long 
experience with the UH-1 aircraft.  It is reasonable to con- 
clude, therefore, that the time required to remove and install 
the rotor blade should be accounted for in the Mmax analysis 
only when removal is required to effect an off-aircraft repair. 
In cases where the blade is scrapped, replacement time will not 
be applied against Mjnax (although it will be included in the 
cost modeling). 
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QUANTITATIVE MAINTAINABILITY ANALYSIS 

RATIONALE FOR THE LOGNORMAL DISTRIBUTION 

One of the basic requirements in developing a maintainability 
program plan for the field repairable/expendable main rotor 
blade was to decide upon the methodology for conducting the 
quantitative analysis of maintainability. Some of the con- 
tractor's earlier work in this area was used as a basis for 
developing the quantitative approach. 

In 1969, the contractor participated as a subcontractor in 
design of airframe components for the Navy F-14A aircraft. 
One requirement of the contract was to conduct a maintain- 
ability analysis and prediction for the component subsystems. 
A review of existing maintainability prediction techniques, 
principally those contained in MIL-HDBK-472, showed none to 
be entirely suited to applications involving mechanical systems. 
Most of these procedures employed analytic methods which were 
basically electronics oriented or which utilized equations 
developed through studies of electronics systems.  The stan- 
dard prediction techniques suffered other deficiencies as 
well in that they frequently failed to encompass one or more 
of the maintainability parameters called for by the specifica- 
tions. 

Accordingly, it was decided to undertake development of a new 
maintainability prediction technique for the F-14A program. 
Several basic objectives were sought in development of the 
technique: 

1. To make the technique applicable to mechanical systems 
and components, particularly the structural type of 
components which would comprise the majority of the 
contractor's work on the F-14A. 

2. To make the technique compatible with the maintain- 
ability analysis requirements of the specifications. 

3. To utilize as much of existing maintainability pre- 
diction techniques as possible so to build on that 
which had already proven successful. 

The initial step in developing the prediction technique was to 
study the repair time distributions of typical aircraft systems. 
The data base for this analysis was the actual maintenance 
records supplied by the Navy on two models of the H-2 heli- 
copter for a six-month period ending December 1968. 
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Approximately 33,000 maintenance records were analyzed, re- 
presenting nearly 16,000 flight-hours of aircraft utilization, 
Tables XIX and XX show the aircraft systems covered by the 
analysis and the number of individual repair time records 
included in each sample. 

Many studies had been conducted by both the industry and the 
military to measure the probat -lity distribution associated 
with maintenance time.  The general coisensus was that time- 
to-repair of military systems was found most often to conform 
to the lognormal distribution.  This conclusion was confirmed 
by the analysis of H-2 helicopter maintenance histories. 

A computer program was written to fit by the method of least- 
squares, a lognormal probability distribution to a sample of 
elapsed repair times.  All 52 systems listed in Tables XIX 
and XX were processed by the program.  It was found, without 
exception, that the lognormal yielded a good fit to the sam- 
ple data on each system.  Figures 45  and 46 are plots of the 
analysis on two systems of the twin-engine UH-2C helicopter, 
the air-frame and rotors respectively.  Shovn in each figure 
are the frequency distribution of the reported repair times 
together with the cumulative lognormal function fitted by 
least-squares.  The fit of the smooth curve to the reported 
data is observed to be good in both cases.  Similar results 
were obtained with the other systems analyzed including 
engines, hydraulics, electrical and avionics, substantiating 
the hypothesis that the population of repair times were, in 
fact, well described by the lognormal distribution. 

The observation that repair times were lognormally distri- 
buted for the entire spectrum of systems covered by the 
analysis  was an important conclusion for the work which was 
to follow.  It suggested that repair time was not a function 
of hardware characterics alone but was very much influenced 
by use and environmental factors shared by all systems. 

The conclusions of the H-2 helicopter repair time analysis 
were considered directly applicable to the field repairable/ 
expendable rotor blade program.  They indicated that it was 
reasonable to base the quantitative maintainability analysis 
on the assumption that the population of repair tasks for 
the rotor blade (treated as a system) would be lognormally 
distributed. 
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MAINTAINABILITY   INDICES 

The maintainability indices to be specified and controlled in 
design of the field repairable/expendable rotor blade involve 
both the  frequency  and  time required  for maintenance. 

Frequency  Indices 

Mean-Time-Between-Maintenance-Preventive   (MTBMp) 

Preventive maintenance is defined as any maintenance, 
excluding  inspection,   performed on an established periodic 
schedule required to maintain the rotor blade  in a safe 
operating  condition.     This would   include  such  functions  as 
scheduled  lubrication,   routine tracking  or  balancing and 
replacement  for  expiration of  fatigue  life.     MTBMp is the 
average  flight-hour   interval between preventive maintenance 
actions on  the  rotor  blade. 

Np 
MTBM   =   1/1   fp; (1) 

i=l   Pl 

where fp^ =     the   frequency of  the   it^ preventive mainte- 
nance  task  in  actions  per  flight-hour. 

Np  =    the  number of distinct preventive maintenince 
actions. 

Mean-Time-Between-Maintenance-Corrective   (MTBMC) 

Corrective maintenance  is defined as  any  action required  to 
restore the aircraft  to operating condition after the 
occurrence  of  damage  or  failure  to the  rotor   blade.     This 
includes unscheduled  adjustments,   alignment or tracking  and 
repair or replacement   (for repair)   of  the  rotor blade.     The 
mean-time-between-maintenance corrective  is  a  function of 
the mean-time-between-failure   (MTBF)   for  inherent and 
external  causes.     The MTBMC is  equivalent  to  the MTBF when 
each failure  is  corrected independently,   i.e.,   there is no 
simultaneous correction of multiple  failures  in a single 
action. 
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N,. 

MTBMC  =   l/l  fc.   =  MTBF 
i=l 

(2) 

where the frequency of the ith failure (or 
carnage) mode in events per flight-hour, 

Nc = the number of distinct corrective mainte- 
nance actions. 

Mean-Time-Between-Maintenance (MTBM) 

The mean-time-between-maintenance is the average flight- 
hour interval between preventive and corrective maintenance 
actions on the rotor blade: 

MTBM  = l/[(l/MTBMp) + (l/MTEMj,)] (3) 

Mean-Time-Between-Removal   (MTBR) 

The mean-time-between-removal  is  the  average  flight-hour 
interval between removal  of the rotor blade  for  the following 
purposes: 

• Inspection 

• Scheduled Retirement 

• Unscheduled Repair 

Material   (Inherent)   Failure 
External  Failure   (Non-Combat) 
External  Failure   (Combat) 

Scrap 

Material (Inherent) Failure 
External Failure (Non-Combat) 
External Failure (Combat 
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Repair Time Indices 

Quantification of maintainability attempts to describe attrib- 
utes of design which contribute to the ease or difficulty with 
which maintenance is performed.  The common approach to doing 
this is to measure the time elements involved in the execution 
of maintenance and from these measurements to develop some 
general conclusions with regard to maintainability character- 
istics.  Typical measures of maintenance time include man- 
hours per flight-hour, mean repair time, maximum repair time 
and average availability.  Each of these statistics requires 
a knowledge of the population or distribution of repair times 
exhibited by the particular system or equipment.  For the 
repairable/expendable rotor blade, it will be assumed, based 
on the rationale offered earlier, that repair times are log- 
normally distributed. 

By definition, the density function for x, (x = log10 t) 
normally distributed with mean, x, and standard deviation,Ox 
is: 

f(x,x,ox) = (  -L—-)exp[- (x I x) idx (4) 

where 

x = logiot 

t = elapsed task time 

x = mean value of x 

ax = standard deviation of x 

The mean value of x is the arithmetic average of the 
logarithms of t: 

N 
x = E  dog !„ ti)/ N (5) 

i=l 

where  N = the number of maintenance actions. 
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The variance  of x   is  expressed as: 

N 
I     (xi -   x)2 

Var x  =  o. =     1=1 (6) 
N 

The standard deviation of x is simply the square root of 
the variance of x. 

x     ox 

The mean value of t is the arithmetic average of the 
repair times: 

MTTR = 

N 
E t. 

1=1 
(7) 

N 

The maximum repair time, Mmaxf is defined as the 95th 
percentile repair time. 

MMax = log ~1 (x + 1.64 5 ax) 
10 

(8) 

where  1.645 is the z value corresponding to the 95th 
percentile of the cumulative distribution. 

Mean Preventive Maintenance Downtime (Mpf-) 

The mean prevtative maintenance downtime is the average 
calendar time the system is down for preventive mainte- 
nance on the rotor blade.  It includes only productive 
maintenance time. 
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N. 

M =    (   ^tD,)/N 
i=l pt" \1rP1 

(9) 

where •Pi elapsed time required to perform the ith 
preventive maintenance task. 

Mean Active Corrective and Preventive Action Time (M) 

The mean active corrective and preventive maintenance time 
is the average calendar time the system is down for both 
types of maintenance.  It includes only productive mainte- 
nance time. 

M =  MTTR (fC) + Mpt(fp) 

fc  +   V 
(10) 

where  fc and fp are the number of corrective and 
preventive maintenance tasks in the same flight- 
hour period. 

Maintenance Man-Hours Per Flight-Hour (MMH/FH) 

The maintenance man-hours per flight-hour is defined as: 

NC Np 

MMH/FH  =JiMMHci    {fci)   +.^1^   (fp.) (11) 

where  MMHcj = man-hours required to perform the it'1 

corrective maintenance task. 

MMHpi man-hours required to perform the ith 
preventive maintenance task. 
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Analysis of Variance 

The basic quantity in maintainability prediction is the task 
time estimate.  In keeping with the philosophy of existing 
maintainability prediction methods, a basic assumption is that 
a qualified and experienced analyst is able to reliably esti- 
mate the time required to complete simple tasks.  The accuracy 
of such estimates will increase with the analyst's knowledge 
of the system, its intended environment and use. 

During the early design stages, maintenance requirements are 
tentatively identified and gross task time estimates are made 
to arrive at a "ballpark" maintainability prediction.  As the 
design solidifies, more accurate estimates are possible and 
the prediction is refined.  This iterative process is continued 
until the design is finalized and an in-depth analysis of maxn- 
tenance tasks is made to yield the final maintainability pre- 
diction.  At each stage of the evolution, predictions are 
compared to allocated values to determine whether the design 
is meeting established goals and to reallocate values where 
necessary. 

While an experienced analyst is able to estimate quite accur- 
ately the average time to perform a maintenance task, he is 
likely unable to estimate the amount of variance that might be 
expected in performance of that task.  In order to do this he 
would need to envision the most optimistic and the most pess- 
imistic circumstances under which the task might be performed 
and from this to reach some conclusion in regard to the aver- 
age deviation from the mean performance time that could be 
anticipated.  Clearly, any such judgments would be largely 
subjective and lacking validity. 

Maintainability predictions based on the lognormal distribution 
using MIL-HDBK-472, Procedure II, utilize a fixed standard 
deviation, logio of 0.55 derived from analyses of maintenance 
tasks on shipboard and shorebased electronic equipment.  The 
studies of helicopter maintenance activity conducted 
on the F-14A program indicate, however, that the variance is 
not constant but varies with changes in the mean repair time. 

Figure 47 is a scatter plot of the variance, Var x, versus the 
mean of the logarithms, x, from the 52 data points in Tables 
I and II.  Figure 48 is a scatter plot of the variance, Var x, 
versus the log of the mean-time-to-repair, log10MTTR, for the 
same sample of data.  A computer time-share program was used 
to test the grodness-of-fit of the data points to standard 
bhatistical distributions using the method of least-squares 
and, from this, to derive regression equations for Var x.  The 
curve yielding the best fit in each case is shown in the two 
figures. 
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The two sets of sample points both correlated best to an ex- 
ponential function. Much better correlation was obtained from 
the regression of Var x on log MTTR, however.  It is intu- 
itively reasonable that the variance of the lognormal distri- 
bution be related more to the mean repair time rather than the 
median or mean of the logarithms, since the mean repair time 
accounts for extreme values while the median does not. More- 
over, the mean repair time should be indicative of the rela- 
tive complexity of the task and tht; variability in task per- 
formance should be related to its complexity.  The regression 
equation developed from this analysis is: 

= .06917 exp (2.5 logj 0 MTTR) (12) 

Using this expression, the analyst is able to predict the re- 
pair time variance as a function of the estimated mean repair 
time and, from this, to obtain an extimate for Mniax. 

Some limitations to the foregoing analysis should be mentioned. 
First, the sample data covers basically 26 subsystems of two 
similar models of the H-2 helicopter. Although the data re- 
presents a broad range of aircraft hardware and is believed to 
be typical of military aircraft maintenance experience in terms 
of employment and environment, a larger or substantially 
different sample may have produced other results. 

Secondly, the data sample included a relatively narrow range 
of subsystem repair time mean values (approximately 0.9 hours 
to 3.0 hours). The regression equation for the variance is 
believed to be valid for this range of values, but its appli- 
cation to values much outside this range, especially larger 
ones, cannot be substantiated.  It is recognized, moreover, 
that a definite distortion occurs in the larger range as a 
result of using an exponential regression equation.  Increases 
in logi oMTTR generate rapidly larger increases in Var x which 
ultimately begins to warp the distribution (x reaches a maximum 
value and then becomes smaller with increasing values of MTTR). 
A linear regression of Var x on logicMTTR was observed to pro- 
duce seemingly better results for large values of MTTR.  There 
was no available data with whicn to explore this, however. 
Because the regression equation for Var x was developed with a 
limited data sample, it is considered valid only for MTTR in 
the range of zero to approximately five hours. 

The final limitation concerns the point of application for 
predicting Var x in an analysis of maintainability. The study 
upon which the prediction method was developed, dealt only 
with populations of repair tasks on entire systems. No 
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analysis was made of the distributions associated with indivi- 
dual repair tasks. While the study results tend to support 
the assumption of a lognormal distribution for the population 
of repair tasks on any aircraft system of moderate to large 
complexity, the assumption of the lognormal may not be valid 
for individual repairs.  Thus, the estimate of Var x (and t/lmax 
therefore) should be made at the system level based on the 
aggregate of all repair tasks being considered. 

The significance of the variance in the maintainability 
analysis of the repairable/expendable rotor blade is illustrated 
in Figure 49. The cumulative distribution function is plotted 
for an Mmax of 3.0 hours (95th percentile) at two different 
values of ax .  One curve is based on a ax of .55 as prescribed 
by MIL-HDBK-472, Procedure II.  The second curve is based on 
a Ox of .296 as derived from the Kaman regression equation 
for the variance. As shown, the median, tg, and mean repair 
time, MTTR, are much smaller for the distribution with the 
larger variance.  If MIL-HDBK-472, Procedure II, variance is 
used as the criterion for allocating maintainability parameters, 
therefore, the average repair task must not exceed 0.82 hours 
MTTR.  If, on the other hand, the smaller estimate of the 
variance is more realistic, an MTTR of approximately 1.25 
hours can be tolerated. 

The basic approach to maintainability prediction prescribed 
by MIL-HDBK-472, Procedure II, will be followed in the field 
repairable/expendable main rotor blade analysis except that 
the variance will be predicted as a function of the estimated 
MTTR using the regression equation of (12) . 
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MAINTAINABILITY TRADE-OFFS 

The Army's quantitative maintainability requirement for the 
field repairable/expendable rotor blade is specified only in 
torms of Mmax» the 95th percentile corrective maintenance 
time.  Confining the quantitative expression of maintain- 
ability to the parameter Mmax provides much needed flexibility 
in design of the rotor blade and associated repair techniques. 
Mmax can be controlled both in terms of the average task 
duration and the variability in task performance.  A larger 
mean task time can be tolerated if the variance in task per- 
formance can be kept small.  With a fixed Mmax/ the expected 
variance will define the mean-time-to-repair, MTTR. 

Figure 50 shows the area of tradeoff between MTTR and the 
variance for a lognormal repair time distribution at Mmax 
values OSf- percentile) of 3 hours, 2 hours and 1 hour.  MTTR 
is shown pi •ted against the standard deviation of the log- 
arithms (ba.v 10) of repair time,o*_.  Also shown is a plot 
of the goemetric mean repair time, tg  versus ax.  The plot 
of t0 is defined by the equation: 

— i 
t     =  log   10    ( log10 Mmax-1.645  ax) (13) 

and the plot of MTTR by the equation : 

_ i 

MTTR = log j0  (log 10 M^ + 1.15 ax  - 1.645 ax)  (14) 
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As shown, the designer does have considerable latitude.  He 
can design for more time-consuming repairs provided the repair 
techniques are such that they can be repeated with little 
variance from one occurrence to the next.  Or, he must strive 
for a lower average repair time if the tasks are of a nature 
that produce wide fluctuations in performance time.  It will 
be the function of the Maintainability Engineering group to 
work with the designer to achieve the best overall desiqn 
within these constraints. 

Reliability/Repair Time Trade-off 

The 95th percentile repair time, N^ax is the only quantitative 
expression of maintainability specified by the Army for the 
repairable/expendable blade.  In terms of achieving this one 
goal, only two factors assume importance: the mix of repair 
tasks and their relative frequency.  The absolute frequency 
of repair is not really pertinent since it is possible to 
obtain the same repair time distribution at entirely different 
levels of overall blade reliability.  The reliability character- 
istics of the blade become important only insofar as they affect 
the distribution of tasks, i.e., make certain tasks occur more 
or less frequently in relation to the overall population of 
repair tasks.  A reliability/repair time trade-off will be 
employed when the blade design characteristics are such that 
an involved repair task occurs too frequently.  The decision 
here would be to increase the loliability (or reduce the 
vulnerability) of the blade in that area so as to reduce the 
frequency of this task or to design to make the task easier to 
perform.  Overall reliability/maintainability relationships are 
of major importance, moreover, in the analysis of blade life- 
cycle costs. 
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or failure will be apportioned to components of the blade 
based on the damage scenario and a preliminary engineering 
estimate of inherent failure rates.  The nature of the anti- 
cipated damage or failure will be tentatively identified on the 
basis of the cause and the assumed blade construction in the 
affected area.  These preliminary determinations will be 
subject to repeated modifications as the specific design 
characteristics of the blade evolve. 

The estimated frequency of failure damage provides the basis 
for allocating repair time to discrete elements of the blade 
(spar, grip doublers, skin, core, etc.).  An initial decision 
will be made in the case of each failure or damage incident 
to either scrap the blade or to provide for repair on or off 
the aircraft.  In some cases, such as massive damage to the 
spar, the decision to scrap will be obvious.  In others, an 
engineering analysis will be needed to assess the reliability, 
safety and economic implications of the contemplated repair. 
Such analysis will rely primarily on intuitive judgments in 
the early stages of the apportionment and gradually be refined 
as the design progresses. 

For each damage or failure event scheduled for repair, a brief 
statement of the repair task is entered in the repair time 
allocation sheet.  The appropriate maintenance level is assigned 
and a decision is made to effect the repair on the aircraft or 
to remove the blade for repair. 

The next step in the allocation process is to assign a repair 
time goal to each repair task.  When an off-aircraft repair 
hao been established, the standard blade removal and installa- 
tion time of 3.75 hours is assigned.  The time to effect the 
repair is next allocated and, where an off-aircraft repair is 
being made, added to the blade replacement time to obtain the 
total task time allocation. 

The repair time allocation reflects the initial engineering 
estimate of the elapsed time required for the typical Army 
mechanic to perform specified types of repairs on the blade. 
I': encompasses the time required to isolate and correct the 
fault, including any adhesive cure time, and placing the air- 
craft in an operational readiness status.  It attempts to 
reflect expected performance under field maintenance conditions 
and the resources available to the field mechanic.  It is an 
estimate of productive maintenance time, however, and does not 
account for supply delays, administrative time, etc. 

As mentioned earlier, the initial maintainability allocation 
will rely primarily on engineering judgment supported where 
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possible by historical precedent.  The historical data base 
available for this task is described elsewhere in this plan. 

After repair times have been allocated to each repair task, the 
mean- time-to-repair for the entire blade is calculated using 
the frequency of occurrence as the weighting factor.  The 
95th percentile repair time (Mmax) for the overall blade is 
calculated next using the regression equation defined earlier. 
If the value of Mmax exceeds the 3.0 hours specified, the 
repair time goals must be tightened.  The analyst will review 
the distribution of repair tasks and allocated goals and re- 
duce repair times on those tasks for which a more stringent 
specification can most easily be attained.  After these adjust- 
ments have been completed, Mmax for the overall blade is again 
calculated and compared with the 3.0 hour specification.  If 
necessary, another iteration will be made to bring the alloca- 
tions within specification.  It may be that no combination of 
feasible repair time goals will satisfy the requirement. This 
indicates that the basic design concept may require modifi- 
cation and a resolution of problem areas must be pursued with 
the designer. 

The next step in the allocation procedure is a definition of 
the support equipment and repair materials which the maintain- 
ability engineer specifies for the task.  A certain bond 
restoration task may, for example, be limited to a cold patch 
using a simple pressure pad secured to the blade with bungee 
cord.  These specifications will of course require considerable 
interchange and trade-off between the designer and the main- 
tainability engineer. 

When completed, the maintainability allocation becomes a de- 
sign specification against which progress is measured.  Devi- 
ations from the allocated repair time goals and resources will 
be resolved on an individual basis as they occur.  This will 
insure that the design does not reach an unacceptable main- 
tainability characteristic too late to easily effect remedies. 

Application of Historical Data 

There are several sources of historical data on helicopter 
rotor blades which can be drawn upon for this program.  Data 
of this type will be particularly important during the main- 
tainability allocation task when engineering judgment and 
historical precedent form the basis for developing design 
goals. 
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ANALYSIS AND PREDICTION 

Analysis and prediction of maintainability will be a contin- 
uation of the allocation process.  The maintainability alloca- 
tion described earlier becomes integrated into the design for 
the rotor blade early in Phase I and comprises the baseline 
for maintainability predictions.  Maintainability analysis and 
prediction is an iterative process of upgrading and refining 
the original allocation as new design information becomes 
available in the later stages of Phase I. 

A maintainability prediction will be performed for each of the 
candidate rotor blade design concepts.  The prediction will be 
carried out using MIL-HDBK-472, Procedure II, Parts A and B, 
modified by the treatment of repair time variance discussed 
under Maintainability Indices.  The contractor has developed 
a computer program for conducting the maintainability predic- 
tions as part of the life-cycle cost analysis.  Using individual 
task times and frequencies as the basic input and the techni- 
ques discussed earlier for predicting the repair time distri- 
bution, the computer program calculates the following main- 
tainability indices by component, subsystem and level of 
maintenance: 

Mean-Time-To-Repair (MTTR) 

» Mean Preventive Action Time (M .). pt' 

• Mean Active Corrective and Preventive Action 
Time (M) . 

• Maintenance Man-Hours Per Flight-Hour (MMH/FH). 

• Maximum Corrective Maintenance Time (M   ) - 
(subsystem level only). 

Use cf this program facilitates the maintainability prediction 
task and permits the impace of changes in maintenance functions, 
failure rates, task time, etc. to be analyzed easily. 

The maintaina 
techniques de 
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eacn design concept. The prediction of repair time variance 
will use the regression equation described earlier except in 
cases where the analyst concludes that a smaller or larger 
value for the variance can be predicted for certain tasks. 

An analysis and prediction of preventive maintenance require- 
ments will also be performed in Phase I to establish the 
frequency and time requirements for scheduled maintenance tasks. 
This, together with the maintainability prediction for cor- 
rective maintenance tasks, will be used to calculate specified 
maintainability indices for the blade concept.  The results of 
the maintainability allocations, analysis and predictions will 
be documented in the Phase I Report. 
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MAINTENANCE REQUIREMENTS ANALYSIS 

An analysis of maintenance requirements will be carried out as 
part of the Phase II Detail Design. This analysis will entail 
a definition of the basic maintenance functions and support 
requirements for the rotor blade.  It will also include 
development of criteria for support equipment and personnel 
training based on the plin for maintenance. 

The nit'intenance requiremrnts analysis 
of development: 

will involve three stages 

3. 

Preparation of a maintenance plan  for each of  the 
major blade elements  to include  identification of  all 
preventive and corrective  maintenance  functions and 
the rationale, where pertinent,   for the selected 
maintenance concept. 

Identification of the basic support requirements  for 
each of  the preventive and corrective maintenance 
functions  to include personnel   skill,   task  time, 
special  tools and  support  equipment. 

Detailed task descriptions and  illustrations  for each 
of  the defined maintenance   functions to be  assembled 
into a maintenance  instruction manual  for  the  rotor 
blade. 

Figure  52   shows  the format  in which  the maintenünce concept  and 
plan will  be documented.     In each block  of the  form  is  contained 
a description of the data  to be  recorded  there.     Figure  53   is 
the format  to be used for documenting the mainteü^nce require- 
ments  applicable  to each of the preventive and corj-ective 
maintenance  functions.     Detailed task descriptions  and  instruc- 
tions will  be prepared in  technical  manual  form. 
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DEVELOPMENT OF PEPAIR KITS^ PROCEDURES AND TOOLS 

The development of repair kits and support equipment for the 
repairable/expendable blade will draw on the contractor's 
extensive rotor blade overhaul and repair experience.  Over 
the years, the contractor has done extensive research and 
development in rotor blade repair techniques.  Recently, in 
the course of two USAAMRDL funded studies, the contractor 
devised several standard repair kits for use in field repair 
concepts.  Figures 54 and 55 thow typical kit contents and 
frequencies of use which resulted from the studies.  Figure 
56 shows a typical listing of equipment requirements. 

In the proposed program, blade repair kits and special tools 
will be developed and tested.  In this task, the contractor 
will team with a leading developer and supplier of repair 
kits to commercial airlines.  This subcontractor specializes 
in repair of composite bonded structures and will supplement 
and enhance the contractor's own capabilities in this area. 

Objectives of the repair kits and special tool development 
effort will be to: 

• Design repair kits and special tools suitable 
for the skill level of a UH-1 helicopter 
repairman, MOS 67N20. 

. Keep the number of special tools to a minimum. 

. Specify the minimum number of kit types, 
consistent with optimum repairability 
requirements. 

. Select adhesives, fillers, etc. which will 
permit completion of repairs within the 
specified maximum active corrective main- 
tenance time. 

Concepts for repair kits and special tools will be developed 
initially during Phase I resulting in preliminary concept 
drawings and fabrication procedures.  In Phase II detail 
design of repair kits and tools for the selected design con- 
cept will be undertaken.  Detailed repair procedures will also 
be developed during Phase II and assembled into a Manual of 
Repair Instructions. This manual will be submitted as part of 
the Maintainability Demonstration Plan to be developed in 
Phase III. 

192 

 i   ■■■■•-' ■■ am^ntiaimn ,  t ■.„-.,-.,^—^-^^^. 



F w  I"" 

CO 

W 

o u 

H 

H 

& 

et 
> u 

I   b) .1 H 

i (- y w 

I   U U 1- 
*> J »< <-l • *)<*: 

r 
i z u t- 
^ M H •-• 
i  « < i; 

u) o. 

as 
Q u 
u a 
H M 

I   U Ii4 H 
w u u) ►-. 
i a to as 

S3 
as o s 

1   W < f- 
<N <; u i-i 
i  ul ^ a: 

< 

a 
u J 

I w <s H 
^ O H '-' 
i c u: a: 

X z 
u 

(M CD fN ^ -4        iH        f»> r« *-* w tfl       #-* H fH 

< "T » 0» ^ l<H i-4*H m       <-4r4i-l 

««rNo^i-a'a^vnt-if-toinr«     -< ^ M     »<I-I 

* 
O 
M 
H 
a. 
M 
B 
U 
V) 
w 
o 

s 

5 . 
H O 

«   • 
41 *t 

6c 
•H 
• T) 

0 
*J *ix: *> 
■»< »< *> o 
u u — u 

O o TJ  C 

-< (M   «1 
3   • • «^ >. • • u 

IT XT  * T 
• I«   .— 

« • ..* . 
C C-O «1 

»< »4       "0 
• -H 

s«» c > c 
•H     «a 

• .      . o 
** *>r« C 
• «IX-rt *< 
V   Vr4 C 
£ £     a> H 
M l/)^^« Cb 

e 
19 
ii « 

u « 
£  91 
tr« 

O -4 
X «I u 
£ 6 

C   H  £ 
«au 
o 
4J U W 
C -^ -H 

-«4 <Q iq 
Cu Cki &• 

U 
SI li ,. « 
0.0 "•o 
m at ^H 
a. in 2 > 

«i a ^ e 
N o 5,4 
•HO*' 
(A "-4 

4J  3   U   . 

i c g-« 
3 0 0 0 
OH Ugc 

«4 WO 

e e K 

«<• • 
vo * u • «m « u *< o s 
a no v u u a M 

■o-o r e - c 
■H »4 *> »4 

c 
..go 

>. >i U 1-4 
*i u n 
tr tr 0. x 
— ~ n    «     v 
. • c o -a    ^ 

0 S) fl -H --i 5) *> 
■3 tj U O J "3 *" 
-H -H 4J    .       -H   0 
J 3 • » i3 * • c 
.      .  4J   4J -H     •      • 

c e 11 ti     CM 
* r*  v  Q *r -H  o 

J: r "^ 
P4 •< Ul </) -< fH "4 

5 
o 

> 

c c 
Ü u 

o o 
0 0 

N   N 
0   0 

c    o 

-40.9 
o e >. e 

« o ü 

^     Q     !-• 
e si 

I 
9 

I 
8 

c • «  «4 

« IS 19 «J 
X ü Ji 0 
O 0 o c « « « 
suaa *< 
o u u   a 
*4 •*4 -H 
*» ♦< *l 
« •) «I    "0 
• a a   «1 
•-< r-l •*     v 
aao.   <a u e e e   -H 
000   "O 

S Ö"o 0 o^ 

fl   fc fl 1 o   ^ 
.   14   *l   ^ ^   tj   4J   0- 

n u (A u u t-* m 

4J i»  4J 
u u u 
« 91 «I 
ji in u) 

r4 r*4 IN 

* « n 
•t* •*< ■* 

u u u 
si m a 
a. a. a 
«a vi ui 

or u 41 
a 4J w u > 

W M-4 0 C U>  O 
« o a M «1    ^ 
a>a    o > 9» o 
a • o> ^4 > 
6. e. c si o •-< c 

-.4 m n in o 
■On r: si t; *> 
C c c y j«r r w 
•9 13 fl £ 0 "5 0 
V> (A M U S < U 

• 
« a 

a    «4 « 
9)       3  W 91 
>    4J a a 
o a q in n 
-4  3   Q,      H 
U O IA TJ 

14  5- C 4J  C 
0    C    U    4) "4 
i -4 -; u it 
a  « Ö  U B 
3-4001 
S E 3 (A C 

u *> 
<t a 91 
-4 a «1 
>.fl E Ä 
S H -4 (A 

g c c c 
J  H  0 H   3 

fS ■? ^ a «A 
"1    '3 »4 3   3 

• 
91 
M 
£ 

b     41 
91 rf      *> 
-4 « 
-4 « 
fa.      -4 

u 
u «n >.     'j 

^ x    £ 
91 «O O     H 

•4 -4 U 
■ -«S   •• 
5) »4 -3 9) 
£   h  Q 4J 
3 0 0 0 

U-4 Z 

**r*r^«iA'Ar»9Da*o»4rMf^«t^tAr*tt0tO'4<''4<B^«mt£r>~aa 

l-l 
3 

•H 

Ct4 

193 

■--^ft ^ ■'mi tfnii tmiM mm* 



■HMRPmHRMmP     " ' 

c 0 
| -H 

^ « 
1   >-' 0 n •9 r» o r« 

3 > rH -( r-» t* 
D"-" 

1    -H 
1    ^^ t: 0 

o 

c 

o 
1  *H 

1  ^ 
«3 
U i-< *> M r- in o •^            I 3 M H Ol 

w P-M 

w - H c 

i    55 

0 

W 
^ o c 

w 0 1    -H 
1    ■*-' « 

CM ^ ^ 
3 •- <N M o « <n 00 

W CM- w M 

to 1   -rt 
1   ^ 

53 

^ 
u 

H 
« 

£ 

H 1 '^ 1 -w 
< fl 

1   i-* 3 ro -H <£ n N o\ 
tTMH <-i M 

« •H 
C 

5 

«I 

M 
•H 
« 

1 K        1 
M               1 

!      Q> u M «•           11 ?» -H 0 '-* 
ffl ti J3 

^ 0. -* •H 

c £ X h. *     1 10 u n 4J *t 
H 10 n •H •H V            1 • 10 01 10 K X tr> o *J r ^-t •o          1 z 9) 
S 

u u 
U 0 

u       i 
4J c ■a *» *< o •^ •o 0 V « «0 c 
>s 4) •H *> Bt 0. ■H 

in n u ^ «H                    i 
0 « « C o« ■H 
a M u a •H 3 * 
X 5 -4 ■** J< ■H fcl                f 
M Q ü to 0. H 

• • • , • •                            1   1 
»^ IN »n • \f\ ^                            I    j 

0) 
•H 
u 
c 
(U 

tr 

a; 
w 
P 

+J 

M 
•H 

a 
« 

H 
a, 

w 

in 
in 

Q) 
U 

■H 

194 

 i ■.■—- it B gmm 



MUH immwvmimirwmmmf '■■     IPBW« l l       ■•■". 

"1 

w 
H 

w a 
H 
D 
O 
w 

et 

«U CQ 
I    • ü 
H O 

Q 
lA 

H 

Z 
I V.K 

U mo o 
I D H 

M 

M S 
I z u 

a*« H 
i x < 

o   wo. 
(d 

0« 
o 
U (0 

I H W 
OU ■< 

H i y *J « ü 
2      M 

Q 
U 

S 
z o a 
M  H 

0) 10 
< 

a 
i w< 

■H OH 
I o-u 

u 

z 
o 
M 
H 
CU 
M 
« 
o (/) u 
Q 

H O 
M Z 

e « 
a 

« 
•0 

p« « t) 
<-t 

X cn g 
• £ a M 

c 4J 0 
•H 

u w 
«M 
l-t Wl M « M 

0) £ S" » § Ä 
V •o ü Q (9 IM 

4) IS a 0i « »t 
j^ <H V IM *» e 
r CQ 3 kl • •H « K 

t-i V 
0. 3 « • ä « 

S Oi 

cn r-4 •o n o c 
Jl c « a 0« « u > a D> fl ig H u *l c ^ ■H « 

r 4J X b o l-i ■H •H U w 
•«4 id w 0 a (M u • 
«> f-t 0) 0 n > 10 0 J< ü 
Dt IM M M •w 14 0) V u 
« e •H •H y eo o -4 rl <a 

SB M H H w e* «1 Q u s * 

•p 
w 

•H 
>A 

c 

•H 
3 
0' 
W 

(i 

w 

in 

(1) 
M 
3 

CM 

195 

L ■■ jaM^aMMMMMlIiMI ■^■— --—-----■■■         ■ -|(- -, 



PWIIIWPII«"iWW^«i«^P"^"^1 liiilimiiiiKlimwiii. mi iiiMniipnii, lim  .1.  

Kits and tools will be fabricated during Phase III and evalu- 
ated as part of the maintainability demonstration in Phase 
III and the repair-and-fly segment of the flight test pro- 
gram in Phase IV. 

Each kit and special tool will be thoroughly evaluated during 
the maintainability demonstration.  This evaluation will in- 
clude considerations such as the following: 

• Is the level of prefabrication of patches, 
plugs, etc., optimum? Is the selection of 
patch size adequate? 

• Is the supply of consumables such as abrasive 
paper, solvent, etc., adequate? 

• Are the selected chemical cleaners and solvents 
effective? 

• How convenient is the prescribed method of 
mixing 2-parts adhesives? 

« Is the pot life of the adhesive sufficiently 
long to permit ample application time? 

• Do the kits contain adequate safety apparel 
or devices? 

• How convenient will their use be under adverse 
field conditions? Also do special heat sources 
used create fairly constant temperatures within 
acceptable limits? 

The subcontractor will assist in the demonstration anl 
evaluation of the repair kits and tools.  The results of 
this evaluation will be documented in the Phase III Report 
and Final Report. 
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MAINTAINABILITY DEMONSTKATION 

A maintainability dcmonstrat'on will be conducted at the con- 
clusion of the repair-and-wlurl phase of the whirl test program 
in Phase III.  A formal maintainability demonstration plan, 
prepared in accordance with MIL-STD-471, will be submitted 45 
days prior to the start of the demonstration.  The following 
paragraphs outline briefly the scope and objectives of the 
maintainability demonstration. 

The maintainability demonstration will be performed using Army 
UH-1 helicopter repairmen, MOS 67N20, and the approved repair 
kits, support equipment and repair procedures.  The Army will 
be asked to supply two general helicopter repairmen for approx- 
imately two weeks.  The Army maintenance personnel, after a 
basic familiarization with the rotor blade and repair pro- 
cedures, will be required to perform a number of representa- 
tive repairs using the repair kits, support equipment and re- 
pair instructions previously developed.  Careful attention 
will be given to selection of the tasks to be demonstrated to 
insure that each of the iifferent tasks is demonstrated at 
least once and that the overall demonstration is, insofar as 
possible, representative of the kinds of repairs expected in 
the field.  Criteria to be considered in selection of the task 
sample will include the type, location and severity of fail- 
ure or damage.  Approximately twenty tasks will be demon- 
strated. 

Contractor and Government personnel will witness the maintain- 
ability demonstration.  The adequacy of the repair kits, 
support equipment and repair instructions will be carefully 
monitored and evaluated.  Deficiencies observed in any of 
these areas will be recorded for analysis and resolution at 
the conclusion of the demonstration. 

The time required to perform the various repairs will also be 
monitored and recorded.  Each task will be documented in terms 
of the time required to isolate a fault, repair, test, etc. 
The task time data recorded during the demonstration will be 
compared with the maintainability predictions to verify or 
modify the analytical projections.  Because the data base 
necessarily will be small in terms of statistical confidence, 
it may be necessary to apply some measure of engineering 
judgement to the demonstration results. 

It also will be necessary to perform repairs of the rotor blade 
during the flight test program to evaluate the effect of cer- 
tain repairs on blade strength characteristics, flying quali- 
ties, etc. 
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Data collected durincj the flight-tests will be used to 
supplement the formal demonstration. 

The maintainability demonstration plan will be prepared and 
submitted for approval of the Contracting Officer.  The plan 
will provide a detailed schedule for the demonstration in- 
cluding identification of the specific tasks to be demonst-.rated. 
It will also include a detailed description of the repair kits 
and equipment to be used and the specific conditions under which 
the demonstration will be conducted.  The repair instructions 
will be submitted as part of the demonstration plan. 
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SCIIl'DUl.K OF TASKS 

The maintainability proqram for the ropairable/oxpcndablc rotor 
blado will encompass the follnwim} tasks:  Fiquro 57 shows the 
schedu 1 e of t a ;;;ks . 

1.0  Phase I - rreliminary Design 

1.1 Allocation of maintenance frequency and repair 
time yoals for each of tho candidate desiqn 
concepts. 

1.2 Definition of basic •nintenanco functions and 
support requirements., ior each of the candidate 
des inn concepts. 

1.3 Incorporation of maintainability requirenents into 
the blade desiqn specifications. 

1.4 Preparation of preliminary design drawings for 
repair kits. 

1.5 Development of preliminary fabrication procedures 
for repair kits. 

L.G   Analyses of repair'-- designated for each of the 
proposed repair kits. 

1.7 Prediction of the Mean-Time-Between-Maintenance, 
MTBM (Scheduled and unscheduled) for each rotor 
blade concept using the results of the Failure 
Modes and Effects Analyses. 

1.8 Prediction of the Moan-Time-Between-Removal, MTBR 
for each rotor blade concept broken down into 
maintenance function and cause catagories. 

1.9 Maintainability prediction for each blade concept 
i-o include the following maintainability indices: 

Mean-Time-To-Repair, MTTR 

Mean Preventive Action Time, Mpt 

Mean Active System Downtime, M 

Maximum Corrective Maintenance Time, M max 
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Maintenance  Man-Hours  Per  Flight-flour,   MMH/PH 

Maintenance  Personnel   Requirements 

1.10 Participation   in   the  analytical   comparison  of 
blade  besinn  concepts. 

1.11 Presentation of   repair   kit   designs   for  approval   of 
the  Contracting  Officer. 

1.12 Contribution   to   the  Phase   I   Report. 

2.0     Phase   II   -  Detail   Design 

2.1 Analysis  of  all   maintenance   functions  and  support 
requirements . 

2.2 Review of  design  adequacy   for  maintainability  prior 
to   final  detail   design. 

2.3 Development  of   criteria   for   support  and   training 
eouipment. 

2.4 Review and   refinement  of   the   Phase   I   Maintain- 
ability Analysis  and   Prediction. 

2.5 Contribution  to   the   Phase   II   Report. 

3.0     Phase   III   - Whirl   Tower  Tests 

3.1 Preparation  and   submittal   of  a  Maintainability 
Demonstration  Plan. 

3.2 Maintainability  demonstration  conducted with Army 
personnel  at  the  conclusion  of  the  whirl   test 
program. 

3.3 Contribution  to   the   Phase   III  Report 

4.0     Phase   IV  -  Flight   Demonstration 

4.1 Collection  and   analysis   of  repair  data   resulting 
from the  repair-and-fly  phase of  the   flight  test 
program. 

4.2 Contribution  to   the   Phase   IV  Report 

5.0     Phase  V  -  Enaineerinq  Analysis 
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5.1 Analysis of repair kit maintainability and repair 
tiire requirements 

5.2 Contribution to the Final Report to include the 
results of the maintainability demonstration 
conducted in Phase III 
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APPENDIX IV 

RCS EVALUATION OF REPAIRABLE/EXPENDABLE 
MAIN ROTOR BLADE CONCEPTS 

EVALUATION 

Introduction 

The purpose of the study is to relate RCS values of Concepts 
1, 2, and 3, to the RCS of the UH-1H metal blade.  Theoreti- 
cal anu measured data are utilized to provide aa estimate for 
the four designs.  The measured data was obtained by testing 
conducted on Design 2, Reference 3, in accordance with an 
earlier contract, classified CONFIDENTIAL.  During that con- 
tract, a blade diagnostic section was modeled to the dimen- 
sions of the UH-1H blade, and features of Design 2,  Reference 
3, were incorporated as required.  Those results are used in 
this report to establish measured RCS levels of the designs 
using fiberglass materials.  A final model provided the RCS 
of the Design 2, Reference 3, blade section, metallized and 
with the final RAM configuration applied. Absolute levels of 
RCS are not included here, in order to avoid compromising 
classified data. 

The prime scatterer is identified for a metal blade.  Delta 
RCS values are established and presented in graphical form 
to depict RCS changes caused by design technique and dimen- 
sion changes.  This method is also utilized to establish the 
relative importance of the scatterers. 

Discussion 

The main rotor blade has peak RCS returns for the leading 
edge (LE), trailing edge (TE), and each tip.  Previous meas- 
urement programs have identified these peak values for several 
frequencies.  The median RCS values for any part of the blade 
are not considered significant when considered in relation 
to RCS values associated with the helicopter main body.  A 
theoretical investigation relating the importance of the 
blade peak returns to the body returns has been conducted. 
It is believed that the blade peak RCS becomes significant 
when a value of, or in excess of, 12 dB greater than median 
body return is reached. One must know the body and blade 
RCS level for a specific application to establish critical 
blade peak values.  It could be suggested that an untreated 
helicopter body would be large enough to render a metal blade 
RCS peak value insignificant.  RCS treatment of the body 
could expose the largest peak returns from the blade. It is 
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known that the leading-edge return of a metal blade is usual- 
ly several dB larger than the trailing-edge return (see 
Figure 58). Generally speaking, if the leading-edge RCS is 
not reduced, the trailing-edge return is insignificant. 
Likewise, the RCS return from blade tips is insignificant. 
Any significant RCS return from the blade tip areas (90 de- 
grees and 270 degrees) is largely due to the rotor attachment 
and positioning mechanism and to the blade doubltrs. 
Ideally, all RCS returns from the secondary contributors 
should be 3 dB or more below the value of the largest con- 
tributor (generally the leading edge). 

All measurements to date, for which data are available, have 
been static measurements. Under dynamic operating conditions 
the rotating blade experiences in-plane bending.  Theoretical 
RCS prediction of the peak values (leading edge) is possible. 
A table depicting these theoretical values is presented later 
in the text.  Assumptions made for the calculations are that 
all four designs have the same in-plane bending (1.04 degrees) 
and that the bending is uniform from root to tip.  In-plane 
bending of 0.69 degree is used for the metal UH-1H blade. 

Concepts 1, 2, 3, and 4 are very similar from the RCS stand- 
point to the Design 2 blade measured under the earlier con- 
tract.  Concepts 2 and 4 have the same exterior dimensions as 
the UH-1H blade. Concepts 1 and 3 airfoil is changed such 
that the nose has a larger radius and the trailing-edge wedge 
is slightly decreased in size. 

Internally, Concepts 1 and 3 use an aluminum alloy main spar 
while Concepts 3 and 4 use a stainless-steel spar.  For RCS 
considerations it is immaterial which spar is used.  Concepts 
1 and 2 use an aluminum alloy trailing-edge spline, while 
Concepts 3 and 4 utilize a fiberglass spline.  If the trail- 
ing edge is metallized, there would be no difference electri- 
cally between the designs due to the splines.  If the treated 
core is considered. Concepts 3 and 4 would be preferred, 
though the differences due to the spline electrically would 
likely be insignificant. 

During the earlier measurement program, the final model was 
fabricated to the dimensions of Reference 3, Design 2.  The 
"diagnostic" model was fabricated to the dimensions of the 
UH-1H blade.  The RCS value differences obtained from meas- 
urement of the metallized models were insignificant except 
at X-band, where leading-edge RCS values were increased by 2 
to 5 dB at perpendicular polarization. 

Figure 59 depicts the increase in trailing-edge return 
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caused by exposure of the flat-backed metal spar to the radar 
by the fiberglass materials.  RCS increases of from 1 to 29 
dB are shown for various pitch angles, frequencies, and 
polarizations.  Since the trailing-edge RCS return is impor- 
tant primarily in relation to the RCS magnitude of the lead- 
ing edge, a comparison of leading-edge return vs. Design 2 
(Reference 3) trailing-edge return is provided by Figure 60. 
Trailing-edge return is increased above the leading-edge 
return for nearly every aspect angle, frequency, and polari- 
zation.  It is concluded that the trailing-edge return 
must be reduced.  Reduction techniques are discussed later 
in this appendix.  Basically two methods are considered: 
treat the trailing-edge honeycomb core with carbon to absorb 
the radar energy, or metallize the trailing edge to reflect 
the radar energy away from the receiver.  Figure 61 shows 
the results of the carbon-loaded core trailing-edge returns 
compared to the diagnostic model leading-edge returns.  The 
trailing-edge returns are significantly below the leading- 
edge returns for every polarization and frequency except S- 
band perpendicular polarization.  The carbon-loaded core 
treated trailing edge shows lower RCS valnes when compared 
to the metallized trailing edge for nearly every frequency, 
polarization and aspect angle. 

Figure 62 shows the leading-edge RCS peak value increase due 
to larger radius as measured. 

Table XXI is provided for a summary of comparisons of the 
factors affecting the leading-edge 0-degree pitch aspect 
angle peak RCS return.  Table XXI consists of measured and 
theoretical data for the static condition and theoretical 
data only for the dynamic condition.  The theoretical RCS 
value of the UH-1H blade at X-band and static condition is 
used as the reference and compared to all other values. 
Study of Table XXI shows excellent correlation of theoretical 
and measured values except for the smaller radius blade (r^) 
at X- and S-bands, where differences of 3.1 and 2.6 dB 
respectively are observed.  The theoretical increase in RCS 
due to the increased nose radius (r2) is 1.0 dB.  Dynamic 
RCS is decreased by 1.8 dB for Concepts 1, 2, 3, and 4 when 
compared to the UH-1H blade by the in-plane bending.  Con- 
cepts 1 and 3 net a theoretical reduction of 0.8 dB even with 
the increased nose radius.  Figure 63 is a graphical illus- 
tration of data presented in Table XXI. 
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Conclusions 

1. All four fiberglass designs expose the flat-backed metal 
spar and cause trailing-edge RCS increases above that of 
the UH-1H reference level. Trailing-edge treatment must 
be accomplished to prevent the trailing-edge RCS from be- 
coming the prime contributor for the four fiberglass de- 
signs. 

2. Treatment of the blade trailing edge can be accomplished 
by two basic methods: absorb the radar energy, or reflect 
the energy away from the threat receiver. Absorption of 
the energy has some benefits not provided by the second 
method.  Lower trailing-edge RCS is experienced, multi- 
bounce reflections are minimized, and bistatic radar 
threat is reduced. 

3. The increased leading-edge radius of Concepts 1 and 3 
causes an increased leading-edge RCS; however, due to the 
increase of in-plane bending of the fiberglass designs, 
the peak RCS value is no greater than that of the refer- 
ence blade. Concepts 2 and 4 have a lower RCS peak value 
than the reference blade due to the in-plane bending. 

4. All four designs will meet the requirements that RCS values 
be no greater than that of the UH-1H metal blade if the 
trailing edge is treated. 

TRAILING-EDGE REDUCTION TECHNIQUES 

Introduction 

Two basic methods are available to reduce the trailing-edge 
RCS level.  Absorb the energy or deflect it away from the 
threat radar. Energy deflection can be accomplished by metal- 
lizing the aft section of the trailing-edge return to the ref- 
erence level set by the UH-lH metal blade.  Absorption of the 
energy would reduce the peak values to an average (3 frequen- 
cies, 2 polarizations) approximate level of 7 dB below the ref- 
erence level. 

Discussion 

Several techniques are available to metallize the blade trail- 
ing-edge surface. Conducting paints or lacquers and sheet con- 
ductors are considered the most logical choices.  Sheet conduc- 
tors are metal foils or screens.  The sheet conductors require 
bonding resins for part fabrication.  The foil would require 
two resin layers while the screen would probably require only 
one resin layer. The resin weight is estimated to be 0.04 
pound per square foot.  Ground planes have been made utilizing 
0.002-inch aluminum and 16- to 20-gauge aluminum screen using 
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two resin layers.  Aluminum films are available as thin as 
0.00025 inch with a weight of 0.003b pound per square foot. 
It is likely that lighter weight aluminum screen is also avail- 
able.  The following data is supplied as a weight estimate per 
square foot for metallizing the rotor blade aft section. 

System Weight  (lb/ft2) 

Screen Wire (18 gauge nominal, 2 resin layers)   0.120 
(1 rosin layer) 0.080 

Aluminum Foil (0.002 inch, 2 resin layers)      0.109 
(0.00025 inch, 2 resin layers)     0.084 

Epoxy Base Aluminum Paint 0.111 

Silver Lacquer 0.025 

Metal Lacquer 0.019 

The metal lacquer appears to have a weight advantage based on 
sales data. 

Conductive paint candidates are copper, aluminum, or noble 
metal in an epoxy resin bonding system.  Due to weight and cost 
advantages, aluminum is the most likely candidate.  Abrasion, 
adhesion, and electrical resistance should be verified to be 
system compatible. 

Aluminum in an epoxy resin bonding system will have the follow- 
ing properties: 

Electrical Resistance 
Surface Adhesion 
Abrasion Resistance 
Chemical Resistance 
Solvent Resistance 
Cure Temperature 
Max. Service Temp. 

0.4 to 20 ohms per square 
Excellent 
Good 
Good 
Excellent 
1750C -- 1 Hour 
3250C 

The 
with 
less 
cess 
surf 
the 
20 o 
tion 
rada 

problems to be expected with conductive paints are that, 
anything other than silver, an electrical resistance of 
than 10 ohms per square is difficult to achieve and pro- 

ing steps to obtain the excellent surface adhesion include 
ace preparation and surface prime.  The conductivity of 
chosen system is estimated to require a value of less than 
hms per square to maintain an adequate state of metalliza- 

The smaller the ohms per square value, the better the 
r reflective surface becomes. 
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Additional  paints  that  should  be   investigated  are a  silver 
lacquer  and  a metal   lacquer  that are  available  commercially. 
The  properties of  these paints  are given below. 

Type 

Identifier 

Cure 

Color 

Service Temp. 

Surface Resis, 

Cost/sq ft 
of Material 

Silver Lacquer 

CC-2 

Air Dry 

Silver 

300oF 

Less than 1 ohm/ 
square 

$1.00 

Metal Lac quer 

341 

Air Dry 

Metallic Gray 

2750F 

Less than 1 ohm/ 
square 

$0.30 

All the data on these paint systems are sales data. 

Choice of conducting paint or lacquer as the problem solution 
will require an overcoat of appropriate colored paint, as it 
is believed that the desired electrical properties cannot be 
maintained by striving for color and conductivity in one 
application. 

Effects c " Blade Repair on RC5 

Snail damaged areas on the blade may be repaired without re- 
placing the electrical conducting surface ply or treated core 
without degrading the RCS of the total blade substantially. 
That is, an 8-inch square area not covered by a conductive 
skin should not increase the RCS of the total blade by a 
significant amount. 

If the blade is coated with a conductive paint, kits for 
blade repair could be made up to include a small container of 
the conductive material to be used at the time the repair is 
made.  An 8-inch square area not coated will have a negligible 
effect on the RCS of the blade. 

Repair of a blade having a treated core would follow the same 
procedures used for a blade with an untreated core. 
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APPENDIX V 

FAILURE MODES AND EFFECTS ANALYSTS 

This appendix presents the computer 
output from the accumulation and 
computation of failure occurrences 
and dispositions for the current blade 
and for each design concept. 
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l.n o.on 

143.0 0.001 
i44.0 O.T^J 
243.0   O.iOO 
47.o a.c.o 

m.O   O.O'O 
174.0   O.OTO 
^4.o o.oon 

m.o o.oi: 
f?.0   O.IO'J 
31.0 o.O'n 
1.0   0.000 

33.0   O.OOO 
3.0   0.010 

370.0   O.CVO 
47.0  0.000 

349.0   0.000 
123.0   0.000 

»♦.0   0.000 
2.Ü   0.000 

34.0   0.000 
4.0   O.CJO 

13.0   0.003 
4.0   O.COJ 
3.0  0.000 

14.0  0.000 
1.0  0.300 

123.0   0.000 
41.0   0.000 

243.0   0.000 
40.0  O.f)-) 
CO   0.300 

33.0   0.000 
4.0   0.0)0 

13.9  0.000 
1.0   0.000 
4.0   0.0O1 
3.0  0.000 
3.0  0.030 
1.0   0.003 
1.0  0.000 
4.0  O.003 
S.O   0.000 
4.0   0.010 
2.0   0.000 
2.0   0.000 

733.0   0.013 
«?.0   O.T'O 
An.o   o.^^o 

244.0 
305.0 
HO.O 

4.0 
34.0 

p.ill 
0."» 
0.0-)0 
0.000 
O.r.OO 

4.0 O.^-O 
13.0 0.010 

O.300 
O.'-l 
C.TJJ 

(. 
5.0 
3. 
i.o n.oio 

ruu) 

O.'l ■•• 
o.-oo 
O.fll,» 
p. ooo 
Ü.O.! 
p.ia;- 
0. ij«; 
n. ■vio 
0.000 
J. >■ J 
0.« j.1 

0.43Ü 
0. i32 
0.43? 
0.43 • 
0.<32 
0.43? 
0.000 

0.257 
0.000 
0.003 
3.43.: 
o.c'o 
O.'OO 
o.^oo 
coco 
o.coo 
0.43! 
0.4^' 
0.43 • 
n.«3i 
0. f 10 
3.>3? 
O.'OO 
0.431 
0.174 
0.4JJ 
O.?00 
o.o 'o 
i". 140 
0.30 0 

3. 4.-? 
0.13.1 
O.roo 
0.4.V 
0.-oo 
0. 114 
0.433 
0.13! 
o.43a 
0.4J ; 
0.41J 
0.43» 
0.43? 
C43.' 

0.453 
0.43? 
0.43? 
o.ooo 
0.43 • 
0.43: 
0.43 • 
0.43.' 
0.43? 
0.43; 
0.43 • 
0.43.' 
0.43 ? 
0.43.^ 
0.43? 
O.JJ • 
0.0)0 
o.ooo 
0.43! 
0.43J 
0.43 ? 
0.43,: 
0.43J 
0.43^ 
n, A-} > 
0.43.' 
0.43" 
n.,»?'! 
0.00 ) 
0.41.' 
0.43 • 
o.-u.: 
C.4).- 
(1,43 " 
0.41.: 
0.403 

31: co 
or.r.t 
hr;,»'i, 
O.O'.'u 
I .0 JO 
«.CO 
1.0 JO 
0.0 0 
0. '"JO 
0. 000 
l."00 
O.uoo 
0.0 )J 
0.010 
O.O'iO 
0.010 
0.000 
0.030 
0.C10 
0.003 
0.000 
COM 
O.406 
1.000 
1.010 
0.010 
1.030 
1.0 )0 
L.OH 
1.00: 
1.0 '0 
0.0 )0 
0.30 
0.0'-0 
O.f. 10 
1.000 
0.300 
1.010 
n.000 
0.0)0 
o.: 0 
O.O 30 
1. Jin 
O.""'" 
coon 
o.ooo 
0. 0 '3 
o.?oo 
0.000 
0.030 
9. v.o 
3.000 
0.000 
0.4 ■« 
o.ooo 
c.ooo 
0.000 
o.oco 
O.POO 
0.009 
0.000 
0.C1.1 
0.050 
0.000 
O.'O» 
O.OOJ 
0.010 
o.rja 
0.000 
O.'.CO 
o.oco 
O.ono 
0.000 
Ü.000 
o.puo 
0.003 
0.000 
O.^IO 
o.ono 
0.030 
0.003 
0.000 
0. 300 
9.000 
0. 00 ) 
0. O*,'1 
0.01" 
o.rio 
0.000 
o.coo 
0.000 
O.O'O 
3. CO 3 
0.0:0 
3.000 
0.000 
0.CO3 

irn^s 
on: ,1 
5t../\.' 
O.i'.l 
0.0..0 
n. v, 1 
o.ooo 
0.56« 
0. 5' 1 
0.-J6I 
r .r^o 
0.0)0 
0. jll 
0. J 1 
O.lul 
O.J.I 
0.541 
0.5M 
0.5«. I 
0.541 
0.000 
0.5il 
0.111 
0.0^3 
0.000 
0.5'. I 
o.'vn 
O.vlO 
9..•'II 
0. ;:3 
0.000 
0.5« 1 
0.5..1 
0. l^l 
0.5*1 
O.U 1) 
0.561 
O.GJO 
0.561 
O."'! 
O.-^ol 
o.oco 
0. CIO 
0.310 
O.ÜM 
0. So I 
0.5^.1 
0.5-H 
0. 1 )0 
1). 56 I 

0. M« 
0.543 
0.15« 
0.544 
0.5*1 
0.541 
0. 541 
0.543 
0.561 
0.5*4 
0.5 .1 
0.541 
0.54a 
0.000 
0.541 
0.541 
0.54.1 
0.54 . 
O.Sf. I 
0. 54.1 
0.54 1 
0.5a1 
0.3*1 
0.541 
0.541 
0.561 
0.013 
o.oro 
0.551 
0.561 
0.541 
0.561 
0.561 
0.511 
0.^1 
0.56a 
0.561 
0.3H 
0.030 
0.5( I 
0.541 
0.54 1 
0.54 1 
0.5.1 
O.ssl 
0.561 

«Mil HTTP KIT 
U.1-AC  JH-» DM-AC licr-» NJ. 

1.60 
1.40 

1.40 
1.60 

3.10 
3.10 

.40     1.40    3.10     3.10    » 

o.no    0.90    0.30    0.10    I 

1.40     1.40     3.10     3.10    i 

0.40    0.40  •0.40     0.40     1 
0.63     0.40     0.40     0.40     1 

1.40     1.40     3.10    3.10     1 

1.40     1.40    3.10    S.IO    a 

0.40    0.40    0.4S    0.40 

1.60     1.40    3.10     3.10    1 
1.40     1.40    1.10     3.10    3 

0.70    0.74   0.70    0*70 
0.70    0.70    0.70     0.70 

7j.!».0 rarnL ov.iov. IVLKTS 
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mm .   puRnmn*lf«Hff »IWIfll»»"'!!!    HI1LIII11 

CUWKENi'   ÜH-IH   MAIN   KOTO^  BL/\C£ 

TOTAL   DAMAGE   EVENTS   IN   SAMPLE 7329.0 

FViACTIO^  DAMAGED   SE^I'   TO   DEPOT = 0.b440 
FlvACVION   DAMAGED   KEPAIHE1.)   0N   AI.sCiiAFi'   = 0.0000 
FRACTION   DMGU.   iiP.^D.    'JFF   A/C   l.i   FIELD   = 0.12^)0 
FKACTIO.'-J   DAMAGED   iLXKAPPED   IN   FIELD = 0.3320 
FHACTIOM  DAMAGED   riEPAIKED   AT   DEPOi" = 0.1419 
Fi;ACriON   DAMAGED   SCkAPPED   AT   DEPOT = 0.4020 

MEAN AD.'iEL-IVE CÜHE 
3N-AIKCKAFT iiEPAI.s 
OFF-AIKCi'AFT FIELD 
OvN-AlKC.\AFT r^EPAI.-^ 
OFF-AI NCRAFT FIELD 
MEAN ACfls/E -lAIHE 
MEAN COUUECriVE 
ELAPbED  TIME   ITJ 

TIME  Fun   ALL   iiPl:^. = 0.291 
ACTIVE   MMM = 0.000 
KEPAlK   ACTIVE  MM4 = 0.531 
MlTk = 0.000 
;;!:;pAi;:   NT INs = U 122 
ANCE   IIME = 1.122 

, / AI N I EN AN C E   ;J .'J •.. 'J i' I M E = 3.75 0 
iiEMOVEj   AEPLACE,   EfC. = 3.750 

NC J»i^ 

'.{GUUS 

HCUHt 

AVERAGE 
-<ir NO. 

i 
o 

3 

Ki r ü;-E PEK FIELD KEPHI.<: 

3,N   AI.iCKAFl"      OFF   AIitCi'.AJ^T 
0.000 
0.000 
D.noo 

?5TM   PEHCENTILE  NAXI 
75TN   PEuCENTILE  i-1A^IMU; 
95TH PEUCEI\' r i LE r,A;<I MU 

0.106 
0.000 
0. 194 

M   KEPAI.N   TIME             = 2.206 H'-iUHL 
,1  ivEPAI.i   DOWNTIME   = ü«4b'3 NJJKo 
N   DAMAGE   Ü'J .:■ J l'I i-iE   = 3.7b0 TOJRL 

LUKVIVARILI 1Y   FACfOi^ 1.000 
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»laisHJ,»]!!; •^''■■■■' '"' 

1 
CÜ.^RE^T   U.\~\H   MR3   **♦**   N3   CÜM3AT   DAMAGI 

TCTAL  DAMAGE  EVE^Tt   I\'   LAMPLE =   6406.0 

F.;ACn:U DAMAGED  ÜE.MT  TO   DEPOT 
FHACnC.NJ DAMAGED  jJEiViluED  f.'.M   AtP.C^AFT 
F^ACilCN DMGD.   ,;?.!D.   JFF   A/C   IN   FIELD 
F^ACTIHN DAMAGED   iC.iAPPED   IM   FIELD 
FuACTIC.J DA.'lAGED   .".EPAIP.ED   AT   DEPOT 
F.iACii:::; uA:-AGED LC::APPED AT DEPOT 

MEA^J AD;.^iIVE C'JP.E 
DN-AIivCriAFi' r.EPAI.1 
OFF-AI X.AAFi FIELD 
0N-AlKCr*AFT HEP All; 
0FF-AI.:C.1AFT   FIELD 

TIME   FJii   ALL   RPRB* 
ACTIVE ;ii::-i 
AEPAIri  ACTIVE  MMH 
MTTP 
.^EPAIP  MTTH 

MEAM   ACTIVE  MAINfEMAMCE   TIME 
MEAM   CSRP.ECTIVE  MAI^'TEMA-JCE   DOWNTIME 
ELAPSED   TIME  TO   i^EMOVE*   REPLACE,   ETC 

0.5459 
0.0000 
0.1G?0 
0.3217 
0.1624 
0.3335 

0.312 
0.000 
0.340 
0.000 

152 
152 
750 
750 

MOUHS 

HOURS 
HOURS 
HOURS 
HSURS 
HOURS 

AVERAGE KIT   UCE   PER   FIELD   REPAIR: 
KIT   MO. ON   AIRCRAFT     OFF   AIRCRAFT 

1 0.000                  0.792 
2 0.000                  0.000 
3 0.000                  0.203 

95TH PEPCEMTILI«: MAXIMUM 
9STH PERCEMTILE MAXIMUM 
95TH   PERCEMTILE  MAXIMUM 

REPAIR  TIME 
REPAIR   D^i.MTIME 
DAMAGE DOWNTIME 

SUilVIVABILITY   FACTOR   =   1.144 
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2-255 HOURS 
6.453 HOURS 
3.750  HGJRS 
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DA'tACC  CtriCQHtti   OH/C   NtAJE   OF^K.^i   l«2*9«IO*tl   ft   10)1 
lim     tTir or on««-.!: CJHMIMCII 

INHCNIvr   CAJif.". 
I.   1  OtLAMlMtil »CAH 
1.   » ax IM 
1.   } r. t. iftiNt 
I*   * IH|M    IAD 
1.   S K3»r   DOJIlt.li 
1.   * CKir/ilHAb  CLAtCk 
1.   1 CHIP   ^AU 
1.   < Mi\   tUOUxE 
1.   » IIP  CLOiUKE 
t.   1   CMACKCD SPAN 
t. a am* 
». a 1.   E.   iPUIt 
t. * IKI*    IAS 
t.   5 KBsr  UJJILEll» 
t.   « CHIP/UKAC  *>k*ltk 
t.   ? CKIP  PAU 
t.  I Cnlf/U^AC  IwaHIMGS 
t.  » Nüor ecifjHC 
t.10 IIP Cl.3iJ"£ 
».II Maar CAP 
Clt IIP  CA)» 
1.   1   COMCDCO IPM 
J.  P T.   E.   SPLIIC 
i. a l«!* r»n 
a. 4 RCSI   OJjnLCHa 
a. » OHIP/BHAU   PLAIES 
a. * CMIP  PA9 
a. » CWIP/IJNAI.   PJS-tMUS 
a. < Maul   CLO»J-(£ 
a. « KSCI   CAi» 
a. in IIP CAP 
4.   1   tNOUCO SPAi« 
4.  1 IIP CAP 
1.   1   •3k* OVCttMfC GMP/üRAÜ  tbiHIMCi 

»IbitAL  C«o>(^ 
4.   1   DtllEU iPAK 
«. e SMI4 
t. a caNC 
«.   4 1. (.  »PkllC 
t. a IKIH TAB 
«. « M.'zr  OSJOLCni 
4.   7 C^IP/OMAO  PLAICE 
4. a H3rr  CLJJJnE 
4.   « HP CLOij«!: 
4.10 KOSt   CAP 
4.11 IIP  CAP 
?. I pj-fCf j.<€0/ie^ SPAR 
T.  t SKI* 
T. a tMi 
T.   4 1.   C.   SPLItC 
T.   » TRII   IAA 
T.   4 itOJC   UJat-LEn» 
1.   1 akl'/OXAQ  PLArik 
•>.  * Ui«|p rK> 
T.  » Aaai CL.'IJ'E 
T.IQ IIP   CL2tJnI 
7.11 N4CC  CAP 
7.U IIP CAP 
a. i ntt/oitriiitrc} apv 
«. a r. E. »pult 
a. a IMI*   IA" 
4.   4 TIP CAP 
«. • Mtcnta/sciurcHea »PAit 
». » SKI* 
*. a 1.   t.   SPLI*C 
«.   4 IHII*   IAH 
t.  4 K*cr gcj«LC«s 

?:? CHIP/aHAG   PLAIE» 
CitIP  PAD 

t.   4 GMP/IMAC   nj»-ll<tCS 
*.  « MCJi ci.rtj«( 
7.10 IIP CLJiUSE 
♦ .II aaor CAP 
«.12 IIP CAP 

10.   1   t*:4t/«HSSI-IC IIP  CAP 
II.   I   ««KMCII tPAH 
ii. a SKI* 
n. a tt-SlI  09li"I.Er.S 
II.   4 UP CAP 
u. i avt'sikcasco 131 AL  M.AOC 

CPiMt e.vjsc» 
13.   1   »MILE  OA-ASE SPM 
ia. a Ml* 
la. a CnnE 
•a. 4 1.   t.   SPLI*C 
13. s IMI« TAD 
13.  4 «^n  OkJ«tl-«» 
13.   7 li,l|p/(V.AU   PkAIES 
13.   4 nsip PAD 
13.  * K3VI  CtOSvME 
13.11 IIP C'.2kJHL 
13.11 *J«I  CAP 
13.12 IIP CAP 
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ri.A' ; I    m    "I !p.>: IM   i: 
N » ii.,i si.,',  n. iij utfof ii '.•  i ;. •4 1 i-lfT.t Kll 

in • 
i.   i 

. CCJI'l Ki, '.    ;i          ..tpv   ;■    ■ ■ 
37,o o.r'1 i  i. >   i f, r. i   i. c M 

.' .•• nc 'n -A e'i ■ oc tit-; .(J. 

l.  r« .11 '.o  I."   i  ■■'. ■.nil  .I, }■> .  j,    ,i) 0./3 0. )J i.to 1.43 4 
l.   i IH.n   o.'   i ,   | , %j'    3.Q10   c.'.    1 
l.   i 3. i r..'  ,!   i. ■ ■-,   i. i.vi o.i ij 
l •  * i.'1   l.i     i   l. 1H)   1.3^, i  ,j.'   .() 
I.   » J.')   O.O" 1    1.   '■)•!. T       ,.,■)! 
1. « 4..) r.         i. •   •   j.O'i j '.    i ■ 
l.   > 4.0  O.c   '   1 .            fJ.Or i    i.   ■ hi 
^.   i 30   1. 1 ■ .    l.l)   .1. 1 ,')    ', , j J 
7.   .• :V).n  i.[n o. .: i   )..i»i o. , io .43 0.43 1.« 1.3» > 
?.     D »r.o n.r   i i. \;n   ^.,j • ,  i,,    i 
P.    « 1.1   l.l'r  i). ,   i  O.C ! ]  '■.-.• i o.*3 0.«] 1.7ft 1.1« | 
i.    •> 3... n.i •    l.i..   j.ci J •;.     ) 
-•    6 3.0   1.;     J    I.O'J       . J; 1    T.          | 
S.    1 1.1 o.rn 11.    ,-.   ü. i" i   '.■!,) 
2.   • 1.0  0.1 ' i   1.C30  0.0 10  0.011 
».    7 *.0  O.OOT   I.Of)  0.000  0. "lo 
3.10 J. 1   o,'   ■ i   ri,%(io   o. 1 '. J   ii. '■ ' i 0.43 • .4) 1.3» 1.31 J 
2. 1 1 1.0  P.oil   1.  i )0   0.00 i  .-. „    1 
;•. 1 .•• 1.0    1. ) 1      0.  i 11    .-.r) 1Ü   0.-    i ) O.-'O 0.20 l.lj 1.33 0 
3.    1 131. ;   1.      .   J. .JO     . , ■ ,   ;.   . . i 1 0 . ,. ' 1. .11 1..I 
3.   .' li.J    1.0 "   U. . ■<•>   i.Q 1 '    J.I'  u 0.6-' O.bo 1. l.-i 
J.   1 1.0   l.n-l   n. )j,i    l.C 'i   0.- > 1 ).ft3 0,03 1. JI 1.31 
0.   -I ?.n o.n ti   1. j  o o.o -i   '. 'i . J 
3.   > ii.\j a. •  i o.    i j. 3 i-i ,..    . > 0.»3 0.«.1 1.31 1.21 
7.    • 4.Ü  3.C. i  0.0 -i    i.; i •   „. ... ) o.*c (..«) J.f« 0. 1» 
J.   7 ;..i  J.' '.   1.   '5  ).o^.   ■. ;; ) 
1.    i J.o o.,   .  i.,; i J. -   i  ..     j 
i, * 3.3 o. HI  0. MD o.o ■ i   :. ■ ■ ) ).*3 O.ftJ 1.7ft l.i« 
S.IO .'.0   l.i-l   0..   11   O.O ))   3. "JO j.31 0.31 1.0 4 1. .4 
«.   i l^'j.O   1.113   C.  ' 19   .J.33J   J.       1 1.4 0 '...(•J 1.0 1 I..1 
4<    C 1.0    l.d    '    1...    )    l..' 1 ,   J.      ,4 ..41 0.41 1 . 0 J 1. J< 
».    1 mi. j ii. i; i  i .o.'i o.o JI  ;. 
t.    .' 44 i.  1    1 . J > 1   0.001   0. J )U   ü.  i .' ■ J.»J 0.73 l.ft'l 1 .61 
t.   3 4 11.1    1, ,1 i '   0.      . '.   0.  1 )C   0. 1 ■ 1 0. 13 o.yj 1.60 I.» 1 
4.    « 171.3   ':..ii'   n.ttJ   -i.rOO  o.rll 0. J ) 0.33 0.71 0. 11 
«. s 4.0  i.üi 1  J.ü i :  o.O'.o   ;. j i) 0. IJ 0.«3 1.7« I.Jft 
«. « 1 Jt.o   i.i 'i  1.;.-; o. '-.0 o.no J 

t.  1 i3. i  i.o ii i. ioj o.  oo r.ono 
*■ 4 jo.o ).0)0 i..-..- i.noo r. no 
*. « '.0   1.010   I.O-I  0. 100   1. 1 .- 
ft.10 3.n o.n.ii  |.:   > c.ooo   i. ni 
ft.II V.O   1.010  0.001  il. ooo  ...    lo o.pa 0.20 l.jj 1.33 0 
7.    1 ^4S.O   0.0.10   l.'i.')   3.030   i.O     1 
1.   i ?I4. .1  |,Q ; l 0.003 c.o-.o 0. ; .0 0.13 0.43 1.60 1.43 4 
T.   3 ?li.)    1.003    0.C01   0.01)1    n.,).;, O.JJ 0.»J l.»3 t.>3 4 
T.   4 1 1.'. 1   3.0 ,0   1.0 30  0. 1 10  0.00 ) 
».   i 3.o i.o') o.oci o. iic  ).i ■■•; 0.13 0.«3 • .7ft 1.14 1 
1.   ft 3 7.0   ll.O )0    l.O > I   0. " .'O   O.I) .1 
».   » ».c o.o ii l.i:) o.oio I.O.M 

t.   • 12.0 o.oii  l.i..: O...:J n.i'io 
7.   « ft.O   0-3')    l.o.;j   0.300   0.035 
7.10 3.0   O.la)   0.033   C. 1.13   O.C  10 0. 73 0.13 l.<0 1.40 4 
7.11 J.P   3.013   1.003   O.COO   ?.Oii 
t.ir 3.0   1.3 ' '   O.CM   o. 100  0. i   0 0.00 0.20 I.3J 1.33 0 
n.  i 1.0   3.033   l.-.r> 0.0^3  o. 13) 
». > 7.1   0.011   I.O03   0.000   ,1.0110 
«.   3 1.0   1.30)   3.V')   0.3,1.1   i. , ' 1 O.JO 0.30 0.7| 0.71 1 
1.   4 1.0  1.000 0.01) o. ■ ■■.   i.oio 0.0 J 0.20 1.33 1.33 0 
T.    t 14...0    1,011   O.i'l   0. '.00    i.'.'J Ü.-J O.ftJ 1.31 1.31 J 
».   t JOft.O    1.000   O.roj   o.   100   0..00 1.40 0.43 1.01 l.JJ 1 
*■   3 2.3   1,3)1  0.-" <   '.  no  n. :  '■■ 1...3 O.ftJ 1.3.1 1.04 J 
♦ .    4 l.n  L'-o  1.' ii 1,133 0. i") i).|i3 O.ftJ 1.31 l.JJ J 
f.    i 1J,0  0.0 1)  0,0.0   .1, 130   ..    J 1 O.oO 0.43 1.04 1.31 J 
f.   4 1.0  3.C1J o.o-j 0.03a 0.11O 0.43 O.ftJ 1.3 I 1.33 J 
f.   T 7.0   i.co i o.cn 0..1 0 o.-.o 1 C.71 3.73 1.4| 1.41 J 
«.   t 2.0 o.c 11 o.o JO co i)  ). '; 1 o.»o 0.»0 . .74 0,7» J 
f.   ? 3.0 o.r.; 1 0.1:) 0.1--)  \. 111 0.40 0.ft3 1.3) 1.31 3 
t.10 I.o  I.'   10..  0 0. ) ;3 1.. 0 ) 1 .43 0.4J 1.3> 1.3» 3 
«.II 2.0  0. J- ) o.c   1  ,. .0 JO O.JOJ :.« j 0.43 1.7* 1.7, 3 
♦ .1« 2.0   1., 'I   0. >    1   .LOU-   0.0 11 0.01 O.JI 1.34 1 .04 J 

13.   1 4.0  1.:   ) 0..    J c.o, ,1  1. • 11 :.   * 0.0.4 ..01 0,01 e 
II.   1 1.0   1.0 1 1   O.r   1   0.  1 .c   ^.r- 11 11.*3 O.ftJ 1. 04 l.JI 3 
II.   i 3.1   1.01 1   .'.'. ■ )   0. HO   0.1 1.1 0.43 0.4J l.JS 1.33 s 
II.   3 2.1 o.i-io 1. i-1 r. ni) i.r 13 
II.    4 1. 1  1.   ■;  i.,   o  -. • )o   .. , • 0.20 0.20 1.33 1.33 0 
12. 1 o?.!.-   1. -.n  1. -.1  ■. : 10 o. i'- ■■ 
1?. 1 in.n 1.- ■ .  i.'-i   1. i • 1  1.1 10 
13.   > »■. l.i*   1.1-   0. ' 1 )   3. 0   "  c. t'O.l 1.36 1.3ft .'. (3 .'.03 4 

n. 3 i-.l.i  1. •-)  3.1 , i 0. i) 1   '. 1.1.1 I.O« I.Jft .".OJ 2.30 4 

1.1.    4 )l. 1   ).•  ' 1   1. ■ ■ 1   }.     v     .  ,1 ' 
13.   > J.o   1..- ',   .,...'        J. 1 10   -.  '11 0. 13 0.«J 1. 16 1.74 1 
13.   ft 33.0   0.- ' ■    1.' CO   0. 100    I....- ) 
13.   7 h.-l     '.  '  ■ 1    1.         1     1. 1  ■  '    1.     JO 
13.   1 II..' 1.  1   1.    1 , . 1'    ,.   1? 
13.   ■» ft. 3 0.04) 1   1.1 V)   C. 0 10   J- I'O 1 
13.13 1.1   I.'.- 1  0. .- 1   0. .1 '0   1. I   o 1.31 I.Jft 2.-J> 2.03 4 
1 1. 11 3.-    O.i    !    1."    1   ".0 10   0. OO." 
13.12 2.0  i.,',. i :. 'no c.o 10 ".0,3 0.00 9.20 1.23 l.JJ 0 

»111.1   IJI^L   0« "It    LViili 
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I ■niiMI 

ricio mc*ir»ru (/(<PI \o*'u i: utsiau n t u> 

fR«ctiMAL DiiM*iria^ 
WfTH  at-K   Fltl.i)  'IPVI   1)1 Clt 

ItW CCC i-«:»   hl>V   I^CKAP  M HV   bCi'Al' CI-AC Oil'-« ü 1-AC •rr.« NO 
1. 1 3T.n o.ono  i.nno o.ooo p.non 
1. f 3.i;'.o i.nu n.ocm ü.»)in o.noo 0.13 0.13 1.60 1.40 4 
1. 1 H.o n.n.io i.oi),) o.aoo o-iuj 
1.   4 ?.n o.oio  i.'jou o.ooi.'   )..' '0 
1.   4 4.0 o.om  I.OI,I a.nua o.tno 
1.   1 3.0 o.o-'-i i.ooo o.o'in o.njo 
I.  • 4.0  O.O'i'i   l.J'.l'i O.O'il  O.O'JO 

1.   « 4,0   O.O'JO    1.000   C.OO'l   O.tjlO 
t.   1 3.n o.ooo i.ooo o.nno o.ooo 
f.   t lie.s i.ooo n.m-i o.n'io O.OüO 0.43 0.43 1.34 1.34 i 
Z.   3 41.0  0.0-0   1.000  OfflO   o.^oo 
*■   4 1.0   1.000   0.000   n.O'io   O.OOO 0.43 0.43 l.lt 1.1» 1 
2.   1 3.0   O.OOO   l.OOJ   0.1 )ll   0.000 
t.   4 3.0 o.ooo i.rjoo o.ooo o.ouo 
C.   T ».0   0.000   I.OIO   0.000   o.ooo 
t.   « 1.0   0.000    1.000   0.000   0.000 
t.   » 2.0 o.ooo  i.ooo o.oio o.on 
t.10 2.0 n.soi o.^oo o.ooo o.ooo 0.43 0.43 1.34 1.34 s 
t.ll l.o n.ouo i.ooi o.ooo n.ooo 
«•1« l.o  1.00) o.ooo n.ooo 0.001 0,20 0.20 1.33 1.33 
3.   1 l3t.o I.ooo O.OM t'.o") o.ooo 0.43 0.13 1.311 1.33 
3.   7 •2.0  1,000 0.000 O.OiO o.ooo 0.43 0.43 1.31 1.3« 
1.   3 l.o  i.ooo o.ooi o,n?o o.ooo 0.43 0.43 1.34 l.ll 
».   4 2.0 o,ono  i.cno o,ooo o.i~io 
J.   5 12.0  0.000  o.ooo  O.OOO  O.CVj 0.43 0.43 1.3« I.3J 
3.   4 4.0   0.030   0.001.O.OOO   O.OOO 0.40 0.40 0.1« 0.1* 
3.   1 3.0   0,000    1.000   O.OOO   O.OOO 
3.  • 2.0   0.000    I.O'O   0.000   0.010 
3.   t 2.o 0.050 o.r-jo o.ooo o.ooo 0.43 0.43 1.1* 1.1* 
3.10 2.0   I.OOO   0,0^1   i.noo   0.000 0.31 0.31 1.34 1.34 
4.   1 124.0    1.0A0   O.Qi'1   0,010   0,000 0.43 0.43 1.3S 1.3« 
4.  » l.o i.ooo o.ooo 0,000 o.no 0.41 0.41 1.34 1.3» 
S.   1 104.0 o.ooo  i.ooo o.ooo o.ooo 
4.   4 111.0   0.3*3   0.4SI   0.000   O.OOO 0.30 0.10 0.11 0.11 
4.   S 4.0   I.OOO   0.000  O.OOO   0.000 0.13 0. >3 1.14 1.1* 
4.   4 113.0  o.oao   1.000  0.000  0.000 
4.   1 10.0   O.OOO    1.000   0.000   O.OOO 
4.   * 20.0   0.003   |,i.r,i   o,o:o   0.000 

4.   * 2.0 O.ooo  l.oio o.oin o.ooo 
4.10 3.0 o.ooo   i.ooo o.ooo o.noo 
4.11 4.0   1.000  0.000  0.0)0  0.010 0.20 0.20 1.33 1.33 0 
T.   1 2«4.o o.ooo i.ooo o.r.,0 o.ooo 
T.  » 14?.o  I.ooo o.ooo o.om o.oio 0.43 0.»3 1.40 1.40 4 
T.   3 143.0    1.000   0.000   C.0-10   O.'-IO 0.13 0.43 1.40 I.4C 4 
1.   4 ll>.0   0.000   1.000   0.000   O.OOO 
T.   1 1.0    1.000   O.OOO   O.OOO   O.OOI 0.43 0.»3 1.1« 1.1* | 
1.   4 31.0   0.000   l.C'JO  o.ooo  0.000 
1.   1 4.0   0.000   I.OOO   3.000   0.0.10 
T.   ■ 1J.0   0.000   1.000  0.000   o.ooo 
1.   t 4.0   0.000   1.010  0.000   0.030 
1.10 3,1   O.h.'.l   0.331   1.000   O.O'O 0.43 0.43 1.40 l.*0 4 
T.ll 3.0 o.oio  i.o.'o n.ooo o.ooo 
1.12 3,0   1,0)0  0,0'-iO  0.000   o.ooo 0.20 0.20 1.33 1.33 0 
i.   1 l.o o.ooo i.oco o.no o.ooo 
f.   * i.o o.ooo i.ooo o.o": o.ooo 
«.  3 1.0   1.0)0   0.000  0.0   0   0.000 0.30 0.30 0.11 0.11 1 
t.   4 1.0   l.OCO  0.013  0,030   0.000 0.23 0.20 1.33 1.33 0 
*.   1 141.0   I.OOO   O.OOO   0.000   0.000 0.43 C.43 1.31 1.31 3 
t.   K 143.0   l.Cio  0.000  0.0,0   0.000 0.43 0.43 1.34 1.34 4 
t.   3 2.0 i.ooo o.ooo o.;uo o.ooo 0.43 C.43 1.31 1.31 3 
«.    4 1.0   1.000  0.11) 0.010   o.ooo 0.63 0.43 1.3'« \.H 3 
».   » 14.0 0-000 O.i;0 o.ooo o.ooo 0.43 0.43 1.34 1.3* 3 
f.   4 3.o e.ooi o.ooo 0.010.0.000 0.43 0.43 1.3« 1.31 3 
«.   7 1.0   0.000  O.ooo  0.1)0   0.000 0.73 0.13 1.41 1.4« 3 
*.  ■ 2.0  0.000  0.3)1   1.   JO   0.3:10 o.to 0.40 0. 14 0.7S 3 
t.   * 3.0   0.000   O.noo   3.000  O.OOO 0.43 0.43 1.3? 1.3] 3 
«.10 l.o  i.ooo o."  i n.roo o.ooo 0.43 0.41 1.04 1.34 3 
».II 2.0  0.000   0.0  0   0.100   0.000 a.4a 0.43 1.74 1.16 3 
«.12 8.0 1.3:0 cm o.TO "-.ouo 0.31 0.31 1.34 1.34 3 

10.   1 4.0  1.003 0.010 0.000 0.lOO O.O) o.m o.oi con a 
II.   1 ^.0   l.COO   0.000  o.O-)   0.000 0.43 0.43 1.34 1.34 3 
II.   3 2.0   0.000   1.100  0,110   0.000 
II.   4 1.0   1.311 n.no 0.110 o.coo 0.20 0.30 1.33 1.33 0 
12.   1 l:-3-o o.no  i.ooo 0.000. o.ooo 
13.   1 2it.c o.on 1.010 0.003 o.ooo 
11.   2 l."j.O   1.000  0.110 0.OC3   0.000 1.3« 1.34 8.03 2.03 4 
11.   1 i;">.o  i.ooj 0.0,1   )..ri c.ooo 1.36 1.36 2.03 3.03 4 
13.   4 n.o 0.003 1.310 0.0-0 o.ooc 
13.   $ 3.0   1.000  COOO  0.0)0   0.000 0.43 0.13 1.1* 1.1« 1 
13.   4 33.0  0.00)   1.000 0.;oo  0.000 
13.   7 ».0 0.000  i.oio o.no o.noo 
13.   « 11.0   0.010   1. ''3  0.0)0   0.000 
13.   4 4.0   0.000   I.11O  0.0)0   0.000 
13.10 2.0   0.>03   U.J.I)   O.OJO   0.000 1.34 1.34 2.03 2.03 4 
13.11 3.0   0.000   1.010  0.0.13  0.000 
13.12 2.0   1.000 0.010  1.000 0.000 0.20 0.20 1.33 1.33 0 

4143.4   t3r»L   DA-iAof   tVO«!» 
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Fli'JLO   rlEFf\l,sr\UU:/EÄ}>a.^OP\HLE   ÜlCMliNi/   \»2,9*   &   10 

m AL DA'ncK twKgrs M .SAMPLE ^na.n 

Fiir\Cii:,.-i uA'-iAtiKü  bi^f   r:  DEPßl' = 0.0000 
FKACl'ICJ DAMAGED   (ü^PAl riKlJ   JNJ   AlKCKAFT = O.b'KiO 
F.nCriü,^ DMHO.   i.i^.O.   ür'r"   A/C   I .M   FILLO = Ü.Ul-'.9 
F.-, AC II CM UAMAÜEU   oC.iAPPKU   IM   FIELu = 0,3'iHl 
F.,ACll;;-) ÜAIACU'^J   ..KHAIKEO   Al   UEPvJl" = 0.0000 
F..ACiiri.g UAMAUiCÜ   i.C;:APPEU   Al"   OEPJi' = 0.0000 

fIME   FOH   ALL   KPi.L. 
AGIIUE   MMH 
AEPhlti   AC1 IVE   MMH 
••irr;; 
PEPAIP :-:irn 

KCi'lV E   .-i AI N I h; J AM CK   r I ME 
CO/ir.EC 1 I VE   MAI JI EM Ai>JCE   DJ ..M 11 ME 

MEAJ ADHESIVE CUl-.E 
■JM-AIj';Ci';AFj' NE/'AIH 

JFF-AI.-!CKAFi FIELD 
.;M-AIi;CjvAFf ;;KPAli: 
'FF-AIi<C;.AFl FIELD 

Ml-, AM 
ME AM 
ELAPSED   i'IME   FÜ   !<EMnVE*   i'.EPLACE*   E1C 

0.718 

0.63b 
1.'J7 3 

1.366 
1.567 
2 »Abi 
3.7b0 

HSJKi; 

'-lOÜKi» 
'HOjpi; 

■•IDÜHi) 

AVEivAGE KIT   JLE Pbii.   FIELD   I-.EPAIK: 

Kli   Min O.M   AIliCimFr     OFF   AIRCKAFf 
1 O.OO'') 0.000 
2 0.000 0.000 
3 O.MT 1.000 
/i 0.670 -n.ooo 
5 0.135 0.000 

9514 PEKCEMIILF MAXIMUM KEPAIH 
9b IM PEKCENFILE MAXIMUM P.EPAJH 
95iH   PEiXEMlILE   MAXIMUM   DAMAGE 

TIME = 
DOWNTIME   = 
DOWNTIME   = 

2.327 HÖÜHU 
2.99 1 ^tJUHb 
3.231   HOÜKb 

MJicVI V/A^ILI lY   FACi"Oi<   =   1.361 
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Fti/K.   ^L(\OE   üF.tlÜ»ij   1,2*9   «   Ifi   «k««* N0   COMBAT   DAMAGE 

i'TAL   OM!\[\E   \-:\JE.vn>   IH   SAMPLE = 4932.0 

FKACriON   DAMAGED   LEisK   10   DEPO l' s 0.0000 
F.vAClION   DAMAGED   KEPAIRED   ON   AIRCKAFi" = 0.b961 
FKACriOM   DMCD.   KPHD.   0FF   A/C   IN   FIELD s 0.0223 
FHACri0N   DAMAGED   SCHAPPED   IN   FIELD s 0.3816 
FHACri0N   DAMAGED   REPAIRED   AT   DEPOT s 0.0000 
FHACl'ION   DAMAGED   üCUAPPEO   Al   DEPD1' = 0.0000 

MEAN   ADHESIVE   CÜKE   TIME   FGK   ALL   KPKS. a 0.726 HOURb 
ON-AIWC;,AFl    KEI'AUs   ACTIVE   MMM = 0.769 
^FF-AtKCivAFf   FIELD   K'EPAIk   ACTlvK   MMM = 0.635 
^N-AIHCivAFf   ,:Ei^AIK   MITK = 1.49 5 K0UKi3 
r)FF-AI.'.Ci;AFT   FIELD   i.KPAIH   Ml"!^ s 1.366 HOURS 
MEAN   ACTIVE   MAINTENANCE   TIME = 1.490 HO. URS 
MEAN   COI.KECTIVE   MAINTENANCE   DCH'.NIIME = 2.4 06 HOUKb 
ELAPSED   TIME   TO   KEIi^VE,   I^EPLACE,   ETC. = 3.750 H0UKS 

AVEKAGE   KIT   ÜLE   i3E..   FIELD   KEPAI«: 
KIT   NO.      CN   AIKCKAFT     '^FF   AIciGKAFT 

I                  0.004                     0.000 
2                 0.000                   0.000 
3                 0.173                    1.000 
4                0.61^3                 -0.000 
5           o.na             o.ooo 

95 TH   PEKCENTILE   MAXIMUM   tvEPAIi«   TIME =     2.503  HOURS 
?5TH   PEnCENTILE   MAXIMUM  KEPAIi'l   DOWNTIME =      2.615  H0ÜRS 
95rM   PEKCENTILE   MAXIMUM  DAMAGE   DOWNTIME =      3.034   Hl3UHb 

SURVIVAPlLlTr   FACTOf;   =   1.4^56 
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FIELD   i;iiPAIi^ABLb/E.<PENDABLE   Ucl^KWi.   11   .5   l<i 

1T1 TAL   DAMAGE   EVE.Nli'b   IM   LAMPLE = Aiyj.b 

FHACTI0N   DAMAGED   iENf   iO   DEPOT = 0.0000 
FKACinM   DAMAGED   HEPAIHED   3N   AIACKAFI = 0.4304 
FI;ACTI0IM   ÜMGU.   ilPilü.   OFF   A/C   I:J   FIELD = 0.0265 
FitACriON   DAMAGED   i.CA'APPED   IM   FIELD = 0.D43I 
FhiACTICJN   DAMAC4ED   KEPAIuED   Af   DEPOT = 0.0000 
FKACriON   DAMAGED   bC^API'ED   Af   DEPOT = 0.0000 

MEM   ADHESIVE   CUKE   TIME  FOH   ALL   KPAü 
I'M-AIrtCKAFl'   HEPAIk   ACTIVE   MMM 
OFF-AIr;Ci^AFi"   FIELD   nEFAIK   ACTIVE   MMH 
0N-AIRCKAFr   iiEPf\l:.   Mil"/. 
^FF-AIKCHAFT   FIELD   «EPAIP   Mi'TK 
MEAN   ACTIVE   MAIMTEMAMCE   TIME 
MEAN   COnHECnVE   MALM TEMA^JCE   DGiiNflME 
ELAPSED   TIME   TO   HEMJVE,   OEPLACE,   ETC 

AVEKAGE  KIT   USE   PEP   FIELD   .iEPAIi-i: 
KIT   MO. 

1 
2 
3 
A 
5 

OM   AIi-:C.;AFT      IFF   AMC.'.AFT 
0< 
0. 
o. 
o, 
0. 

000 
000 

5 14 
149 

0.000 
0.000 
1.000 

-0.000 
0.000 

0.725 
0.800 
0.63b 
1.525 
1.366 
1.516 
2.792 
3.750 

MüÜKi 

HQUUL 

951^ JJEhCE-JTILE MOKIMJM 
95TW PEKCEMTILE MAXIMUM 
95TH   PEKCEMTILE   MAXIMvJM 

üUKVIVABILI ry FACTOJ 

i>EPAI^ 
.•:EPAIi; 
DAMAGE 

1.765 

II ME 
DOlJMTIME   = 
DßWMTIME   = 

2.551 -fOÜPü 
;?.347 WÜHL 
3.26;-?   HO URL 
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Fi;/h   MLA.Ji:   DE^IiJ.Nj^   11   P..   12   iM--it 1= h    NIO   COi-!3AT   UA.XACt 

r;i"AL DAM'MU-: i-:v'i.:.jR  IM SAMPLE 

r..ACirJN   UA'IAGtCD   l>i:,MV   I'D   D^HOl' 
F..ACn'''Nl   L;A',ACKü   riEPAIHEü   HM   AlKCuAFf 
FuACflüM   DMGD.   .w-'i.lJ.   CFF   A/C   I >J   FIELD 
F.^ACriOM   DAMAGED   LC'^APPED   IM   FIELD 
Fi-ACri:»   DAMAGED   i-.EPAI riEU   Al    DKP'Jl" 
FaACl'liH   DAMAGED   LCivAPPED   AT   DEPCl i' 

■■1EA-!   ^DMELIVE   Cü.sE   i'IME   FC,.;   ALL   ilPHZ, 
.JM-Mli.C.AFi-'   i;EtJAIr.   AGiIvE   MMH 
iFF-ALXM^AFl'   FIuuü   ;.EPAIi<   ACTIVE   MM'! 
CM-AI.iC.-IAFl    ..EPAI.-.   MTTK 
3FF-AI(:C.:A,F!    FIELD   ;\EPAIH   Mli'K 

•■IEAM   ACTIVE   ■lAIMTEMAMCE  TIME 
ME AM   CiM^MClWE   MAIMTEMAMCE   DCM.^riME 
ELAP.SED   TIME   i'C   iMvMMVE,   REPLACE*   ETC. 

AvEiiAGE ,<ir   J^E PEii   FIELD   ;.EPAI;-;: 
KM'   -i:. MM   AI,:Ci;AFT      QFF   AIr:CKAFT 

1 0.007 0.000 
P, o.ooo o.oon 
3 0.333 1.000 
A 0.436 -0.000 
5 0.174 O.OOO 

=    o J J J. -) 

= 0.0000 
= 0.4347 
= 0.03ia 
= 0.1334 1 
= 0.000 0 
=   0.0000 

0.733 HOÜ,<h 
0. 709 
0.63b 
1.442 HJUrtb 
1.366 M J J ■ i w 
1.437 HO'JHb 
2,1 Al HÖUHb 
3.7 30 13 U.^ 

95 TH   PE/.CEMflLE   MAXIMUM   Mt;PAIi< 
^hT-l   PE:<C£\1TILE   MAXl;-lüM  HEPAlK 

TIME = 
DOWNTIME   = 

JSTM   PEMCErJTILE   MAM I MUM   DAMAGE   DOl-MTIME   = 

-uMVl VAHILI i'Y   FACTMH   =   3.0^30 

y.24i£ H0ÜH1) 
2.56:1 MJUKb 
3. 127   mut'.h 
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wmmmf^mn'm 

1 
uwAnr f MKr.aMUi,  (►■H/t. I'L^uJi;  ur.iUIMi   3,4.1« 

II Ki 1 f'e   w UAMAOK C.!"t'J ■(rlMf 

1 < 1 (MILf^l CftJiti 

i. 1 Di LAIIJftl KU SPAl< 

i. i» SUM 

3 1.   K.   iCUIJE 

i. fKIM   TrtB 

i. Kfljr   O.JJfLK i- 

i. GHIH/UKAC,   I'LAlti 
CHIP   PAJ 

j: IIP  CLUSJ.ifc 

a. c; .rtl.'Kl.D SPAri 

?. SKIN 

?. [.   c   -HLl It. 

i. TKI^    fMl 

■?. hoar u-MtiuhHt 
2. Gnlr-ZJKAÜ   t'LiMES 

2. OUP   PAU 

;>. GP.IP/Ul AO   nj.'.-IINCS 

2. «311   CLi'iJKt 

2. 1J ni1 ci.uJ.Jh* 
2. 1 1 Rajr CAP 

2. 12 TIP  CAP 

3. 1 c. <,'?t)EÜ Ti<IM   lA") 

3. 2 TIP   CAP 

4. E> rJiJEO SPAS 

4. 2 rip CAP 

5. 1 »: •.cj avEi LIJK G.UP/ÜKAG  Dji-JINdS 

r<r--".iAu CAUiE: 
6. 1 UE.-JiH.) SPAn 

b. 2 .SKIN 

A. 3 CCKE 

«. 4 ItiiA   TAR 

«. 5 iv^r os^fiuK.'i, 
6. » G,<tP/OnAü  i'LAlk.> 

6. 7 Ki);i   l.l.3SUrt 

i. 1 TIP CL-iJ.-t: 

6. 9 .-■i.)r C'.P 

6. 10 .'IP   Ci.r' 

7. 1 P jMCf JKK. i/rstfi S.PAK 

7. 2 i« I  i 

7. 3 COi-i. 

7. 4 T.  t.  spuns 
7. s THM   TAn 
7. 6 »<7^r oauRLfsi 
7. 7 G.<Ir/ÜKAU   PLM2- 

7. H CM"  P-:A 

7. 9 «.Vt   CL3;j. £ 

7. 10 Tlf  CL.-iJt-E 

7. 11 r:j.:f CAP 

7. 12 TIP   CAP 

<\. | n. i^r/oisr-isiEi) • t: y 

1. 2 1.   .-..   IPLl-.i 
^. 3 r^M   IAD 
1. 4 n? cv 
■», 1 ■< icxt-^/sr^ftrCM'-u i -■ *, ■< 

9. * iXI N 

?. 3 TrtlH   TAI 

1. 4 MJJf   Ü3JEUK.,- 

7. 5 CKir/Dr.AG   I'UAlLJ 

9. t G.<1P   PAÜ 

9. 7 SHtP'OrAG  ^ (i UNtiS 

9. 4 Rl.'t   CL3-J.X 

9. 9 TIP   CU-i-'rC 

0. 10 HJ.'l CAP 
•?. 1 1 TIP CAf 

in« 1 L "LF./MI: iiISC TIP  CAP 

11 • 1 M ■\.f,.)";3 Sr-A. 

11 • d im.i 
11« 3 K'T   U-.'üPLl.-»^ 

4 TIP   CAP 

\2 • 1 1 .i .!.ri<-:. . if"'.) TofAi. riLAjJ' 

C .r^ar CAJ-EJ 
13. 1 q '■I tLE   JAM/Vi.E t-'.Vt 

13. ,J i<r: 
13. 3 CJAE 

13. 4 T.   E.   iPLI'.S 

13. 5 TKII   IAH 

13. A US'.)."   OJJRLrf.- 

13. 7 C.<'lVU..AO   rL"'t:-i 

13. * CMP   I'>WJ 

13. 9 h.;!   CL.)J-..E 

13. 10 TIP   CL'JüHr. 

13. 1 1 K.'.'f   C-AP 

13. 12 TIP   CAP 
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wmmmmmwwmßm 
UJPH1,""   .1 ii i  i mmmmn 

rit-UO   rtPAIHADLt/exr-,. .^ASLt  JEilO.^S  a   l   5 

F, MTI-Mril. DlSf'Ji 1 iiJNi 
HW.ti' .'.t-AC   FIKLU D ,:.•■.[ ULPflT M.'lfl ,irrn Kl 

IIEM 
1«    1 106.0 0, inil    1 ,nn ) O.OO11 

^C.(AP 
o.ooo 

0 'J • rtC UKr -A JtJ-ftC Off-A N.. 

1.   3 413.0 l.ii'10    3.000 o.oo' O.OOO 0.73 0.73 1.60 1.60 4 
1.   3 31.0 0.000   1.000 O.OOO o.ooo 
1.   5 3.i o.o-^o   1.000 0.000 o.ooo 
1.   6 3.0 0. ) iO    1.000 o. orn 0.000 
1.   1 3.0 0. vj-i    1.000 0. rt0 3 0.000 
1.   4 3.0 o.O''0 i.ooi J. JJO o.ooo 
1.   9 3.0 o. :--!0   Loy o.oo; J.OOO 
2.   1 9.0 ). )   :.   l.ooo o.ooo 0. 000 
2.   2 sri. i l.on.,    j.OOO 3. 70ü 0. ooo 0.43 0.43 1.35 1.35 •j 

2.   4 i. J 1.000   0.000 0.000 o.ooo 0. )3 0.7 3 1.76 1.76 1 
i.   a l.:.o O.'iOO   l.COO 3.oo; -.003 
i.   6 3.0 J.OOO   1.000 O."o / o.ooo 
2.   7 5.0 0.000   1.00' o.on , 0. 000 
2.   1 1.', ".000   1.000 o.ooo 0.000 
2.  » 1.? .'.000   1.03 3 0.00 0 0.000 
2.10 it j 0. JOO   0. j.j0 0.00 J o.ooo 0.13 o. u 1.35 1 . 35 5 
2.11 1.0 ".ooo  i.oo : o. ooo n.000 

2.12 1.0 i.o io o.oo ) a.ooi 0. 300 0.20 0.20 I.3Ö 1.33 0 
3.   1 1.0 1.003  0.■J ' O.OO,' 0.000 0.63 0.63 1.33 1.3) 3 
3.   2 2.0 0.500   0.500 0.001 o.ooo 0.41 0.41 1.27 1.Ü7 3 
4.   1 3i.O I.OCO   O.OQO 3.00 J :.000 o.v.i 0. VJ 1.4) 1.43 3 
4.   3 2.0 l.--)0   0.00 i 0.000 0.000 o.r.n 0.20 1.33 1.33 0 
S.   1 150.0 J.O'IC   l.OOJ -i.OJ j J.OOC 
4.   2 370.0 1.0^3  0.000 -,.ooo 0.000 0.73 0.93 1.60 1.60 4 
«.   3 35-'. 0 1.0 50   0.000 o.ooo ".000 0.73 0.93 1.60 1.60 4 
6.   4 6.0 I.J-.;   0.3'.? 0.03 ) (,.030 0.93 0.73 l.70 1.7fj 1 
6.    S 173.0 0. JOO   1.000 0. 00 1 o.ooo 
6.   6 70.0 0.030   1.000 o.ooo 0.300 
6.   7 15.0 i.-'.o  i.ooo o.oo; 0.300 
«.   1 2.0 0.030   1.000 0.000 o.ooo 
6.   9 4.0 O.OJO   l.OOO o. oo: 0.330 

6.13 ;.^ i.) ;o o.ooo O.COj ". '00 0.20 0.20 1.33 1.33 0 
7.    1 437.0 7.0   0    1.000 O.rO .' :. JOO 

7.   2 217.0 l.O'^O   0.000 o.oo ;. ooo 0.73 0.73 1.60 1.60 4 
7.   3 20-1.0 i.ooo o.oo; o.o. : o.ooo 0.73 0.73 1.60 1.60 4 
7.   4 3V1.0 0. JJ'J   1.0", ) )..','3 - l.OOO 

7.    'j j. ". i. >'- ;  o.;-j ;.Cv; o.ooo 0.73 0.7i 1.76 1.76 I 
7.    ', 37.0 0.0-0   t.fOO o. — -.   IOC 

7.    7 &.1 r. r o  i. J:o 3. -0 J i. ooo 
7.   3 12.0 0.000   1.000 O.CO J o.ooc 
7.   » 5.0 0.000   1.000 0.00 J 0. 300 
7.10 4.0 O.aCO  O.'SOO 0.00 ' ". oon 0.73 0.93 1.60 1.60 4 
7.11 3.0 0.000   1.000 o.ooo 7.3JO 

7.!2 4.0 I.OOO   0.000 0.00 J 0. iOO cao 0.20 1.33 1.33 0 
1.   1 2.0 0.000   1.000 O.OC'i . JOO 

3.    2 26.0 -.ooo i.ooo o.o-, J '. . )00 

9.   3 l.i 1.000 o.ooo o.r( c 1 ".OOO 0.73 0.73 1.76 1.76 1 
3.   4 1.0 i.:oo ,o.oco 0.000 o.ooo 0.20 0.20 1.33 1.33 0 
9.    1 274.0 i. ro o.oo: 0. 001 o. -.oo :. 7: 0.73 1.45 !.•.-, '. 
9.   2 243.0 1.- .o 0.03: 0.030 0.030 3.43 O.-ii 1.33 1.35 'J 

7.   3 1.0 1.:   ",   n. 0 3 7 0.00 J '.     \n C.&J O.i.' 1.33 1.3J w 

7.   4 15.C o. j;j o.ooo 0.00 1 ■,.000 0.70 C.73 1.43 l.-i i 
7.   5 71.; 3. j T    -. 7 j . o.o-.i 3. OO o.=: 1.3! U.'J 3 
7.    4 ii.' i.o-.   ). ;o , 'J. Ü j-1 . "'  -; , • *J 3 •3.6. 1.22 1..2 :■ 

7.   7 i.3 ■. j ■ j   i. a ; " ). uo . 1.000 J • ü J !j i ' 0.7„ 0.76 3 
7.    3 3.0 0.   -J o.ooo .1. 1 '' -.   :; C 7^ 0. /,• 1.4! 1. -13 3 
J.   7 1.0 1. '    0    3.30C 0. ii i ,. ,' 0 • 4 j ü.-. j I.3J 1.55 4 

7.13 i;.o . ;  " o.ooo o.c.o •  , jO ':. ?j 0. * - 1.31 l.-l 3 
7.11 l. i.   i'.   i.oacj o.oo .0 00 o..;. o. rj 1.3- 1.33 u 

10.    1 <.: l.    . v   0.0 j'"' ■■ .'l. J .. : ü o ^ •.. c. ,, j.o; U.i.3 « 
11.    1 •    r i.- ^0 o.oo: -.ooo o.oco 0.73 0.73 J.4J 1.48 3 
11.   2 3.0 i.o*o o.ooo C.G."1 0. "OO 0.43 0.-13 1.3 3 1.35 5 
11.   3 ..'. ', O.TO i.ooo 0.0 j -■. - 0 ", 
11.    4 
1 ;•    1 

1.0 1.^ )0 o.oco 
o." • "I  1. * o 

0. OO'- 
■-'. 00 J 

o.ooo 
0.'"'0 

o.2: 0.20 1.30 1.30 Ü 

13.   1 3^7.0 . , > j   1 . .■ o ~ 0.  io > O.CvO 

13.   2 liO.O i.:; ■ ;.):'. J, io :. »oo 1. 3e 1.3, 2.0J i.03 .1 

13.   3 I ■•-. 1 i.     ,   -. :. 1 . - j. 3 3S i . I:fc 1.3- 2.3' i, ^ 1 •'t 

13.   4 7 ; . :': 1....0     I.OJJ 3.0); 0. O'.O 
15.    o 3. 1 i. "i o.-?-: i. " ; o.ooo C. '3 r. >. 1.7 3 1.1A 1 
13.   6 

n«. ' ■.;.-   1 . o ■ ' .    j; :. ooo 
13.   7 «i. C '.•'.    I.O"   ■ 0.' -i o. :■ "■ 1 

n.  J U. J > . J j 0    1 . 0 0 J 3.00 ' o. :o • 
13.   7 ■1.3 '..-•.'3  i. ;■'■ • o. rij .'. j. * 
i'. n 0. "? G.     71   0.5-1 O.OO" .000 C. >3 C. '3 1.6, 1*50 4 

13.11 ■i. j •.: : i  i. c :: J.OC ■ ^•300 
13.1? 3.0 i. ■ -o o.oco o.oo- ••. 100 o. .'- o..:o 1.33 i.:>3 0 

5r63.3   3. i M.  OftlAoi.  Cvi.i- 
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riCLD HEPAIKftnLr/tXHClUftBLC DC&|llNi> 4t» 

i. i 
I.   2 
I.   3 
I. i 
I. * 
I.   T 
I. * 
1. "» 
2. I 
2.   2 
2. 4 
2.   5 
2. « 
2. 7 
2.   4 
St 4 
2.10 
2.11 
2.12 
9.   I 

NJwnrR 
OCCJHS 

106.n 
413.0 
31.0 
3.0 
3.0 
3.0 
3.0 
3.0 

226.0 
1.0 

l?.0 
3.0 
b.O 
1.0 
1.0 
2.0 
1.0 
1.0 

3 
4 
4 
5 
6 
6 
«. 4 
6. % 
6. « 
6. T 
6.   9 
6. « 
6.10 
7. I 

7.10 
7.11 
7.12 
n. i 
4. 2 
<l. 3 
*. 4 
». I 
•». 2 
9. 3 
4. 4 
♦ . 5 
9. « 
«. 7 
9. 8 
9. 9 
9. 10 
9.11 

10 
II 
II 
II 
II 
12 
13 
13 
13 
13 
13 
13 
13. 
13 
13. 
13.10 
13.11 
13.12 

31.0 
2.0 

ISO.O 
391.0 
37».0 

6.0 
171.0 
70.0 
15.0 
a.o 
4.0 
7.0 

sis.o 
241.0 
i??6.0 
364.0 

3.0 
37.0 
6.0 

12.0 
b.O 
4.0 
■1.0 
4.0 
2.0 

26.0 
1.0 
1.0 

247,0 
270.0 

1.0 
15.0 
71.0 
II.0 
5.0 
3.0 
1.0 
2.0 
1.0 
4.0 
B.O 
3.0 
2.0 
1.1 

733.0 
311.0 
313.0 
199.0 
•JI.O 
3.0 

33.0 
6.0 

I 1.0 
4.0 
2.0 
4.0 
3.0 

AC 
► P'K 
.000 
000 
000 
onn 
ooo 
000 
noo 

.000 
000 
000 
000 
000 

.000 
000 
000 
000 
'>1'0 
ono 
000 
000 
5no 
000 
ooo 
000 
ooo 
0^0 
.ino 
001 
000 

. 010 
.000 
.000 
,000 
■ oon 
.O^l 
0"0 
000 
100 

.000 
ooo 
000 
oon 
500 
000 
000 
000 
000 
ooo 
0^0 
001 
O^o 
IJOO 

000 
010 
ooo 
000 
300 
ooo 
000 
O'io 
ooo 
000 
000 
000 
000 
010 
000 
n -. T 

001 
OOO 
0.10 
000 
Ono 
0 10 
000 
500 
oil 
000 

JNAL 
MELO 
bCHAt» 
l.noo 
0.000 
I.OOO 
1 .000 
I . 000 
i .000 
I.OOO 
i . 000 
1. 000 
0.000 
o.ooo 
1.000 
I. ooo 
000 1 

1.000 
1.000 
0.500 
I . 0110 
0.000 
0.000 
0. 500 
0.000 
0.000 
1.000 
0.000 
0. 000 
0.000 
1.000 
1 .000 
I . 000 
I .000 
1.000 
O.ono 
1. ono 
0.000 
n.000 
1 .000 
0.000 
I .003 
I.OOO 
I .000 
1.000 
0. 500 
1.000 
0.000 
1.000 
1.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.151 
0.000 
0.600 
o.ooo 
0.000 
O.01O 
0.000 
0, 000 
0.000 
n. OOO 
I .000 
0.000 
1. )0 1 
1.000 

0.000 
I .000 

Oin 
"00 
000 
010 
OOO 

i.iOO 
I .000 
n.ooo 

OltHUi. 
uKiMt 
HKf'n 
O. ono 
o.ooo 
0. 100 
0.000 
O.OOO 
O.OOO 
o..ion 
0. ooo 
0.000 
o. noo 
o.ooo 
0.000 
0. 000 
0.000 
0.000 
0.00 0 
o.ooo 
0. 00 -, 
0.000 
0.000 
o.ooo 
O.Q'JO 
0.000 
o. oon 
0.000 
o.oco 
0.000 
0. OOO 
o. ooo 
O.OOO 
0.000 
O.OOO 
0.000 
0. ino 
0.000 
0.000 
O.oOO 
O.ono 
O. 101 
O. ooo 
o. ooo 
0.000 
0. 000 
0.000 
0.000 
o.ooo 
0.010 
0.000 
0.000 
0.000 
O.ono 
O.nno 
0.000 
n.no.o 
O.ooo 
O.OOO 
O.OOO 
O.oon 
0.000 
0. ooo 
0.. 00 
f».noo 
O.OOO 
o. ooo 
0. 100 
O."00 
0.000 
0. r.orj 

o.ooo 
0..~oo 

n.'oo 
O. 110 
o.mo 
0. 100 
0.000 
0.000 
0.000 
0.000 

DtHOf 
i.o<m' 
11. ooo 
o.ono 
o.ooo 
o.ooo 
0.000 
0,000 
O.ono 
o.ooo 
0,000 
0. 000 
o.ooo 
0.000 
0. OOO 
O.OOO 
n.ooo 
o.ono 
0.000 
0.000 
o.ooo 
0.000 
0. 000 
0. 000 
0.000 
o.ooo 
0. 000 
o.oon 
0.000 
0. 000 
0. 000 
O. 000 
o.ooo 
o.ooo 
0.000 
0.000 
o.oon 
n.ooo 
O.OOO 
o. 0011 
o.ooo 
o.ooo 
0.000 
0.000 
o.ooo 
0.000 
o.ooo 
o.ooo 
0.000 
o.ono 
o.ooo 
o.ono 
o.oon 
0.000 
o.ooo 
o.ooo 
o.ono 
0.000 
n.OOO 
O.OOO 
o.ono 
o.ono 
0 . 000 
o.nro 
o.ono 
o.ooo 
0.000 
0.000 
n.ooo 

0.000 
O.ono 
o.ono 
n.ooo 
0.000 
0.000 
0.000 
o.ooo 
0.000 
0.000 

5715.0   fOfftL  OAMrtG*-   EVf.NfJi 

3N-AÜ   Vff'A 
HTTN KIT 

kH-AC  OFK-A NO. 

0.93      0.93      1.60      1.60     4 

0.43 
0. >3 

0.93 
0.20 
0.73 
0.43 
0.63 
0.73 
0.63 
O.M 
O.bO 
0.7J 
0.43 
0.73 
0.^0 
O.ftl 
0.73 
0.43 

0.43 
0.13 

1.35 
1.76 

1.35 
1.76 

0.20 0.20 
0.63 0.63 
0.41 0.4| 
0.73 0.73 
O.ÜO 0.20 

0.73 0.93 
0.13 0.93 
0.93 0.93 

0.20     0.20 

0.93      0.93 
0.93      0.93 

0.93      0.93      1.7«      1.76 

o. >:•    ü.>3 

0.20     0.20 

0.93 
0.20 
0.73 
0.43 
0.63 
0.73 
0.63 
0.61 
0.60 
0.73 
0.43 
0,73 
o.ao 
0.01 
0.73 
0.43 

1.7« 
1.33 
1.41 
1.35 
1.31 
1.41 
1.31 
1.22 
0.7« 
1.41 
1.35 
1.31 
1.33 
O.M 
1.43 
1.35 

,7« 
.33 
.41 
,3t> 
,31 
,41 
31 

.22 
76 

,41 
35 
31 
33 
01 
41 
35 

0.20     0.20     1.33     1.33 

1.3*      1.3* 
1.3«     1.3« 

0.93     0.93 

0.20     0.20 

0.43     0.43     1.35     1.35     5 

1.33 1.33 0 
I.31 1.31 3 
1.27 |..;7 3 
1.41 1.0-1 3 
1.33 1.33 0 

1.60 1.60 4 
1.60 1.60 4 
1.76 1.76 I 

.33     1.33 

1.60     1.60     4 
1.60      1.60      4 

1.60      1.60      4 

1.33     1.33     0 

1 
0 
3 
5 
3 
3 
3 
? 
3 
3 
4 
3 
0 
0 
3 
5 

2.03     2.n3     4 
2.03     2.03     4 

0.93     0.93     1.7«     1.7«      1 

1.60     1.60     4 

1.33     1.33     0 
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FIELD  KEPAIKABLE/EXPENDABLE  DELI G.Mi.   3   &   5 

laiAL  DAMAGE  EVENTb   IN   bAMPLE =   5650.0 

FRACTI3N DAMAGED   JJEIMT   id   DEPOT = 0.0000 
FRACri0iM DAMAGED   HEPAIKED   CM   AIWCXAFf   = 0.4923 
FRACTION DMGD.   KPHD.   OFF   A/C   Ii\'   FIELD   = 0.0044 
FKACflON DAMAGED   SCKAPHED   IN   FIELD = 0.1302B 
FKACTION DAMAGED   REPAItvED   AT   DEPOT = 0.0000 
Fi\'ACTI0N DAMAGED   SCKAPPEO   AT   DEPOT = 0.0000 

TIME  FOK   ALL   RPRS. 
ACflVE   MM4 

ACTIV/E   MMH 

MEAN   ADHESIVE  CUP.E 
ON-AIRCRAFT   REP AIT: 
OFF-AIRCRAFT   FIELD 
ON-AIRCRAFT   REPAIR 
OFF-AIRCRAFT   FIELD 
MEAN   ACTIVE  MAINTENANCE  TIME 
MEAN   CORRECTIVE  MAINTENANCE   DOWNTIME 
ELAPSED   TIME  TO   REMOVE,   REPLACE*   ETC. 

REPAIR 
MTTii 
KEPAIR Ml'TR 

0.724 
0."57!3 
0.7 08 
I »69? 
1.397 
1.593 
2.690 
3.750 

HOURS 

HOURS 
HOURS 
HOURü 
HOURS 
HOURS 

AVERAGE KIT   USE PER FIELD   REPAI tit 
KIT   NO. ON   AIRCRAFT OFF   AIRCRAFT 

1 0.005 0.000 
2 0.000 0.000 
3 0.119 1.000 
4 0.69?? 0.000 
5 0.169 o.ono 

95 TH PERCENTILE MAXI MUM   REPAIR TIME             = 
95TH PERCENT ILE MAXIMUM  REPAIR DOWNTIME   = 
95r!H PERCENTILE MAXIMUM   DAMAGE DOWNTIME   = 

2.7 74 HOURS 
3.013 HOURS 
3.373   HOURS 

.WRVIVAniLITY   FACTOR   =   1.290 
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FK/E  BLADE  DEblGNS   3   A   5   ***!«.|«  Hi)   CüMBAT   DAMAGE 

TOTAL  DAMAGE  EVENTS   IN   SAMPLE =   4736.0 

FKACTI0N D/>^AGED  JbENT   TO   DEPOT = 0.0000 
FRACTION DAMAGED   HEPAIi^ED   0N   AIKCKAFT   = 0.5065 
FRACTION DMGD.   i<PHD.   OFF   A/C   IN   FIELD  = 0.0053 
FRACTION DAMAGED   SCRAPPED   IN   FIELD = 0.4332 
FRACTION DAMAGED   HEPAIiiED   AT   DEPOT = 0.0000 
FRACTION DAMAGED   SCRAPPED   AT   DEPOT = 0.0000 

MEAN ADHESIVE CUKE 
ON-AIRCRAFT REPAIR 
OFF-AIRCI-AFT FIELD 
ON-AIRCRAFT REPAIR 
OFF-AIRCRAFT  FIELD 

TIME   FOR   ALL   RPRS, 
ACT WE   MMH 
REPAIR   ACTIVE  MKH 
MTTR 
REPAIR   MTTR 

MEAN   ACTIVE  MAINTENANCE  TIME 
MEAN   CORRECTIVE   MAIMTENAMCE   DOWNTIME 
ELAPSED   TIME  TO   REMOVE,   REPLACE,   ETC. 

0.732 
0.797 
0.7 08 
1.529 
1.397 
1.528 
2.625 
3.750 

HOURi 

HOURS 
HOURS 
HOURS 
HOURS 
HOURS 

AVERAGE 
KIT   NO. 

1 
2 
3 
A 
5 

KIT USE PER 
ON AIRCRAFT 

0.005 
0.000 
0.139 
0.651 
0.197 

FIELD REPAIR: 
OFF AIRCRAFT 
0.000 
0.000 
1.000 
0.000 
0.000 

95FH  PERCENTILE  MAXIMUM  REPAIR   TIME 
95TH   PERCENTILE   MAXIMUM   REPAIR   DOWNTIME 
95TH   PERCENTILE   MAXIMUM  DAMAGE  DOWNTIME 

2.662 HOURS 
2.712 HOURS 
3.204   HOURS 

SURVIVABILITY  FACTOR   =   1.548 
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1 

FIELD  HEPAI«ABLE/EXPENDABLE  DESIGNS   4   4   6 

TOTAL   DAMAGE  EVENTS   IN   SAMPLE =   57 15.0 

FKACriON  DAMAGED   SENT   TO   DEPOT 
FHACTION  DAMAGED   KEPAIRED   ON   AIKCKAFT 
FKACTI0N   ÜMGD.   HPHD.   OFF   A/C   IN   FIELD 
FRACTION   DAMAGED   SCRAPPED   IN   FIELD 
FrtAClIOiM  DAMAGED  KEPAIKED   AT  DEPOT 
FA ACT I'JN   DAMAGED   SCRAPPED   AT   DEPOT 

MEAvl ADHESIVE CURE 
ON-AIK'CKAFf REPAIR 
OFF-AIRCRAFT FIELD 
0N-AIRCRAFT REPAIR 
OFF-AIRCRAFT   FIELD 

TIME   F0K   ALL   RPRS, 
ACTIVE   MMM 
REPAIR   ACTIVE   MMH 
MTTR 
KEPAIH   MTTR 

MEAN   ACTIVE  MAINTENANCE   TIME 
MEAN   CORRECTIVE  MAINTENANCE  DOWNTIME 
ELAPSED   TIME   TO  REMOVE,   KEPLACE,   ETC. 

AVERAGE  KIT  USE  PER  FIELD   REPAIR: 
KIT N0. 

1 
9. 
3 
A 
5 

0N AIRCRAFT  0FF AIRCRAFT 
0.005 
0.000 
0.105 
0.710 
0.171 

0.000 
0.000 
1.000 
0.000 
0.000 

0.0000 
0.5106 
0.0044 
0.4850 
0.0000 
0.0000 

0.723 
0.377 
0.7 03 
1.601 
1.397 
1.599 
2.653 
3.750 

H3URL: 

H0URS 
HOURS 
HOURS 
H0URS 
HOURS 

95TH PERCENTILE MAXIMUM REPAIR 
95TH PERCENTILE MAXIMUM REPAIR 
95TH   PERCENTILE  MAXIMUM   DAMAGE 

SJRVIVABILITY   FACTOR   =   1.232 

TIME = 
DOWNTIME   = 
DOWNTIME   = 

2.982 HOURS 
3.025 HOURS 
3.364   HOURib 
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FR/E   HLAUE  DESIG.Mb   4   4   6   K+M*   N0   COMBAT   DAMAGE 

rOTAL   DAMAGE   EVENTS   LM   SAMPLE s   479 1.0 

FKACriOiN DAMAGED   iEMf   10   DEPOT =   0.0000 
FKACTION DAMAGED  REPAIRED  0iM   AIKCiiAFT   =   0.5216 
FRACriü,^ DMGD.   KPHD.   OFF   A/C   IN   FIELD   =   0.0052 
FKACTIOM DAMAGED   SCRAPPED   IM  FIELD =   0.4732 
FKACTION DAMAGED  KEPAIi<ED   AT   DEPOT =   0.0000 
FHACTIOiNJ DAMAGED   ^CHAPPED   Af   DEPOT =   0.0000 

MEAN ADHESIVE CUiiE 
ON-AIHCHAFf i-iEPAIi^ 
üFF-AIKCi<AFr FIELD 
3N-AIRCHAFT HEPAIK 
OFF-AIKCKAFT  FIELD 

TIME  FOH   ALL  HPKS, 
ACTIVE  MMH 
HEPAIf:   ACTIVE  MMH 
MT TR 
WtCPbltl   MTTR 

MEAN   ACTIVE  MAINTENANCE   TIME = 
MEAN   CORRECTIVE  MAINTENANCE   DOWNTIME     = 
ELAPbED   TIME  TO   REMOVE*   REPLACE,   ETC   = 

0.731 
0.793 
0.7 08 
1.530 
1.397 
1.529 
2.592 
3.750 

HOURS 

HOURS 
HOURS 
H0UKS 
HOURS 
HOURS 

AVERAGE KIT   USE PER FIELD   REPAIR: 
KIl   NU. JM   AIRC RAFi OFF   AIRCl^AFT 

1 0.004 0.000 
o 0.000 0.000 
3 0.123 1.000 
A 0.664 0.000 
5 0.200 0.000 

95TH  PERCENTILE   MAXIMUM   REPAIR   TIME 
95TH   PEi.CENTILE   MAXIMUM   REPAIR  DOWNTIME 
95TH   PERCENTILE   MAXIMUM   DAMAGE   DOWNTIME 

SURVIVA8ILITY   FACTOR   =   1.530 

2.669 HOURS 
2.717 HOURS 
3.192   HOURS 
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PAH 
III UHi  ff  ll««Allt 

IN'tlittNl  C*Jj>Kk 
Dtl*tlN*riU 

COKASOtO 

CKOOCD 

\3itt CKtRSUC 
«tf...««t  CAJaCS 
aCMlu 

f ACi^<c>/i;>i.<i 

tGMT/OUrSilICO 

^iCtco/scKarC'tcu 

LCSSC/tmiNG 

Ovt   JlKtiSEO 
er-'.Ar CA.I:S 

(■t^nlHAAK/MCHOAKlt  Ot»IC«(l   *  4 HU 
COifJ'ltnl 

«niASIff JHCAIH 

ININ 
I. I. »Ptl-It 
IKIM   l»A 
«Bar Oüunti, i 
Sllf/PHAC   n.AU& 
Snlf  fM 
it!»t  CLBiMt 
fIC  CtBiünl 

MM 
T. t.  irtttt 
titiM i«r. 
kOSI   IMüMIAKt 
OHIP/aiAÜ   >L»ICi 
CHIP  PM> 
OAI'/DKAO   fjSHflf.i 
NS'JI Ckaui t 
IIP  CLCS-Ml 
119Jl   CAP 
IIP  CAP 
»PAH 
T. (f irtnt 
IKIM  TAB 
111)31   DJUBLO» 
ei<IP/0<4AC  n.AICS 
MIP  PAU 
CAIP/OxAC  BJt<INC» 
««31   CtOjJrt 
MJl CAP 
TIP CAP 
«8ilAkl«N  »MCAIW 
kPAK 
TIP CAP 
CAIP/OHAC  UiitMCk 

IPArt 

C«'<C 
r. (. sPLiNt 
tH|.4   IA* 
»MIT  MVILtm 
eRIP/BKAG  PLAtCS 
A5:l  CtC-JKt 
TIP nSiJ-i 
«3.-I   CAP 
TIP CAP 
A-I..AMS.«   IILAI-< 

1PAK 
»41.« 
C3.4C 
T.   t.   SPLINI 
IKIM   IAO 
HJ.T  DOJ'-LMS 
MIP/ORAS  PLAIt» 
MIP PAO 
«331   CLti^t 
TIP Cl.9tJ-»i 
«SOT   CAP 
TIP  CAP 
»PAR 
I.   C.   »PtlHC 
Tnl»   IAS 
IIP  CAP 
Al.iAMS* .n*ti 
»PA'i 
Ulli 
T. C  «PUIHC 
Tnll TAR 
•SSI  MjXLCtS 
(AlP/OnAC   PLAltS 
CrltP   PAD 
«BlP/UllS   njSMI<<Ck 
«-•Jf  CtCl-Wt 
TIP etoi Mt 
»CJT  CAf 
TIP CAP 
TIP CAP 
AMASICM  ^HCATM 
IPM 
tnfi 
«COI   OOUOLCAS 
TIP CAP 
IOIAL  »LAOC 

AtitASI«»   i^CAIH 
SPAN 
«It 
CSHt 
t.   C.   aPLIME 
tKt«   TAN 
Drei ojg'LtoS 
Ci>IP/bK40   PUAIt: 
CUP   PA] 
ll-JI   CLS.^t 
IIP  CLJ^iC 
«Ml   CAP 
IIP   CAP 
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14.n 
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3.0 
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3.0 

4.0 
4.0 
3.(1 
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41.0 
1.0 
3.0 
3.0 
i.O 
1.0 
2.0 
2.0 
1.0 
1.0 

137.0 
• 2.0 
l.n 
2.0 

72.0 
4.0 
3.0 
2.0 
2.3 
2.(1 
12.0 

113.n 
I.a 

IM.O 
44S.A 
410.0 
174.0 

4.0 
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70.« 
to.a 
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3.0 
».0 
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112.0 
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4.0 
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l.c 
7.0 
1.0 
I." 

4".? 
111. 1 
JO». 1 

2.0 
l.n 

l».i 
3.5 
7.C 
2." 
3."i 
I.i 
2.0 
2." 
4. 1 
3.1 
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i'.i 0.0   1 
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1' i ■:..;, ■; 
1).) LOT. 
11.1 .1..1... • 
i,1 : -. i ' 
1 I' 1,0."1 
Oi'J i.o."-> 

111)44 
Ulf Jf 

0.0'1'J 
0. 1)0 
0.010 
0.0,10 
0.010 
o.ooo 
0.0») 
3. duil 
0.010 
o.oio 
O.T.IO 
o.ooo 
0.030 
0.009 
o.ooo 
0.000 
0.001 
0,OIJ 
0.300 
0. ))1 
O.JOO 
O.OOO 
o.on 
0.109 
0.013 
O.ooo 
0.10C 
0.910 
0.010 
0.000 
S.O'io 
0.3.10 
0.910 
0.001 
0.00.1 
o..n.i 
o. no 
o.ioi 
0. 110 
0.100 
O.OIO 
0.990 
1.311 
o.on 
o.oio 

o.ooo 
1.000 
3.900 
1.010 
o.no 
1.000 
.1.010 
1.000 
).03ll 
1.100 
J.OJO 
0.000 
o.ooo 
1.090 
'.'.010 
1.1C1 
I.IOO 
3.009 
9.0)9 
l.-..)d 
1.090 
Lic-n 
o.ooo 
0.C3O 
1.090 
0.090 
1.0 10 
1.530 
o.o^o 
o.ooo 
l.ooo 
1.010 
o. 309 
0,009 
1.010 
-.119 
0.099 
o,.oio 
1.-00 
i. m 
0.191 

O.OOO 
1.-10 

).3 3.1 
I.OIO 
l.ooo 
0. JIO 
-. '09 
o.'ico 
0.090 

ntl NFIK       Kll 
M.ftC   iff**  UI.AC   iff* 41). 

0,(10     0.40     l.)4     1.74     2 

0.»3     0.73     1.40     r.40    4 

0.43     0.43     1.3»     1.3»     i 

0.73     0,43     1.74     1,74     I 

0,43     0,0     1.3»     1,3»    * 

0.2) 
0.61 
0.43 
O.SJ 

0.21 
9.49 

0. 13 
0.»3 

1.39 
9.JO 
l.*l 
1.6.' 
;. -.J 

,1.6J 
0.1.3 
9.(J 
O.'.l 
9.»i 
J.«3 
1.43 
0.31 
1,01 
tl.41 
0.43 
0.4J 

1.34 
1.34 

0.20 
0.43 
0.43 
0.43 

0.41     0.43 
0.40     0.40 

1,33 
I.3S 
1.31 
1.31 

1.31 
0.74 

1.33 
1.31 
1,31 
1,31 

1,31 
0.74 

0,29 
0,49 

0.13 
9.13 

1,93 
1,7» 

1,40 
1,4 

0,»j     6,73     1.40 

0.29     0.20     1.33 

0,39 
o..") 
0.40 
9.«3 
3. ij 
0.43 
7.43 
3.43 
0.'.3 
O.lj 
O.'.C 
0.43 
0.43 
9.43 
0.31 
9.01 
0.4 • 
9.>i3 
0.43 

0,71 
1,33 
1.7« 
1.31 
I.3J 
1.34 
1,31 
l.H 
1,33 
I.41 
0.74 
1.31 
1.3) 
1.74 
1.34 
C.01 
1.74 
1.31 
I.3S 

0.71 
I.3J 
1.14 
I..-' 

l.jl 
I.H 
I..'I 
l.jl 
|.<> 
9.14 
i.;i 
i.ji 
1.74 
i.:« 
0.01 
l.7i 
1.31 
1.3» 

5.1-     9..19     1.33 

C.40     0.49     1,74 

1,34     2,03 
1.34     2.03 

0.71      0.73 

I.S3 0.43 1.74 1,74 3 
0.31 0.31 I.14 1.34 3 
0.49 0.49 1,74 1,74 2 
0.43 0.41 1.31 1,31 3 
0,41 0,41 1,3» 1,3» i 

0,73 0,13 1,40 1,40 4 
0, 13 0,43 1,40 1,40 4 
0.31 O.JO 0.71 0,71 0 
0,«3 0,73 1,7« 1,74 I 

1,33 
1,7 

1.61 
1.4" 

J     0.73     1,7«      1,74     I 

,41     4 

.3)     0 

1,33     9 

1.74    2 

2.0) 
j.r.. 

.74      1.74     I 

1.34      1.34     2.03     2.33    4 

O.-n     8.211     1.33      1.33    0 

»114.1   tol«   IVACi:   (VCNIS 
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FIELD   HEPAIi^AHLE/EXPtNUARLE  DLLIG;^   7   &  S 

: 

fölAL   DAMAGE   SVE.MTü   IN   ^AM)JLE -   59 19.0 

FHACrißN  DAMAGED   ÜEiMf   l'ü   DEPO f 
FRACTION   DAMAGED   REPAIRED  UN 
FUACTI0M   DMCD 
FHACflÜ^ 
Fi;ACriOM 
FKACaON 

KPRD. OFF A/C 
DAMAGED LCHAPPEÜ IN 
DAMAGED HEPAIi^ED Al" 
DAMAGED   SCUAPPEU   AT 

Alr.CKAFi' 
IN   FIELD 
FIELD 
DEPOT 
DCPST 

0.0000 
0.6003 
0.01S6 
0.3^1 1 
0.0000 
0.0000 

TIME   FOH   ALL 
ACTIVE  MMH 

MEAN ADHEÜIv/E CUi^E 
ON-AIRCRAFl' KEPAIH 
OFF-AIKCKAFI"   FIELD 
ON-AIKCKAFT   REP AM 
OFF-AIRCiiAFT   FIELD 
MEAN   ACTIVE   MAINTENANCE   TIME 
MEAN   CORRECTIVE  MAINTENANCE  DOWNTIME 
ELAPbED  TIME   fO   REMOVE,   REPLACE*   ETC 

\»~*  •        — 

REPAIR 
MTTR 
REPAIR 

ACTIVE   MM'T 

Mi'TR 

0.737 
0.847 
0.635 
l.b8^ 
1.366 
1. 573 
2.450 
3.750 

HO URL 

HOüHb 
ilSÜhb 
HOJRb 
KÖURb 
HOURS 

AVERAGE KIT USE PER FIELD REPAIR: 
KIT   i J0. ON   AIRCKAFT OFF   AIKCi 4 AFT 

1 0.004 0.000 
2 0.045 0.000 
3 0. 128 1.000 
A 0.650 -0.000 
5 0. 151 0.000 

95rH PERCENT ILE   MAXIMUM  REPAIR TIME             = 2.816 HOURS 
95TH PERCENT ILE   MAXIMUM   REPAIR DOWNTIME  = 2.976 HOURS 
95 IM PEi iCENTILE   MAXIMUM  DAMAGE DOWNTIME   = 3.218 H3URS 

SUKVIVAPILITY FACTOR = 1.238 
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K.-./E   BLAUü;   UK: IC:^   7   Ä  ^   !;-(::sfc!<   :iU CüMBAf   ÜAMAGE 

rDl'AL   DAMAGE   EVENTS   IN   b/AMPLE = 4996.0 

F.<ACri0N   DAMAGED   SENT   TO   L^EPOT = 0.0000 
FVlACriON   DAMAGED   l^EPAIi-iED   3:^   AI;.Ci!AFT = 0.6013 
K.^ACTION   DMGU.   .u'.-M,   OFF   .VC   IM   FI^LL) = 0.0220 
FKACriON   DAMAii^U   LCMA.'^LU   IM   FILLU = 0.3767 
Fi.ACl'I'JM   DAMAOKJ   Mi.^'AI-i^J   Al    Ü.Cl^i" = 0.0000 
F.iACiI-M   UAM^Ci.VJ   .'jO^APi'il)   Al"   DMi'M" = 0.0000 

■iiAN1   AOÜÜT'.'::   CJ.^.;'.   l'I1^   FA,;   ALL   iWtlh. 
'•■.!-AI MC-.AFl    ...£PAIi,   ACl'I <Ji.   A-l 1 
:FF-AI.;CivAFf   FIbILD   .-.EPAI.;   ACllvi   ;1,''M 
:M-AI  .C^AFr   M^i'AI.;  MT ill 
.FF-AIMC.vAFl    FIl-XU   U£J Ali.   .-.la. 
,fiA»   ACi'Iv/E   MAIMi::iA;C£   H ME 
IF.AM (r...-.":ci I v;: MAI;\1'E,JAMCE DJ.-MII:;^ 

^LA.A.EO   J'lME   i'o   iiEM^vE,   i.EPLACE*   ETC 

0.742 •iJJrM. 
0.76 J 

0.6313 
1.603 T'JU..^ 
1.3 66 •iGdi-ilj 
1.503 H-JJI-LU 
2.4 02 HSUMii 
3.7 50 MÖdHi: 

AV.-:KAGE   Kli    u^rZ   PE;v'   FIELD   ,.Ei'AI 
•<I f   MO. 3J   AI.:C, : AF i ..:FF   AI.vC 

1 0.004 0.000 
(A 0.04 0 0.000 
3 0. Ibl l. 000 
-'i 0.6 02 -0.000 
j 0. 17 5 0.000 

\r 1 

)5iM r'E.XEUILE 
)oi-\ PErXEMi'ILE 
95iM   PEACEMTILE 

■iAU 1ÜM  PvEPAlM   TIME 
■:V;iMJ/   :-.EPAlK   DO v. Ml'I ME 
MAniJM   DAMAGE   UL^.M 1'IME 

i.504   ^OünS 
2.633  Hfc/UHS 
3.029   MOUWb 

-.JAVIVAOILIfr   FAClUn   =    1.467 
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APPENDIX VI 
MAINTENANCE ACTIONS AND TIMES 

Predicted Maintenance Actions/MTTR For 

Field Repairable/Expendable Blade Designs 

MTTR (Mean Time To Repair) = The total corrective maintenance 
time divided by the total number of corrective maintenance 
actions during a given period of time.  This includes curing 
and drying times. 

PMMH (Productive Maintenance Man-Hours) = The element of 
maintenance time during which a discrepancy is corrected by 
repairing in place or removing and replacing with a like 
serviceable item.  This excludes curing and drying times. 

Type Actions 

A = Acceptable as is 

I = Install replacement detail 

R = Repair 

S = Scrap Rotor Blade 

The predicted maintenance actions for the four basic concepts 
are presented in Tables XXII and XXIII. The anticipated mean 
repair times are presented in Table XXIV. 
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TABLE  XXIV.   FIELD-REPAIRABLS/EXPENDABLE  ROTOR 
BLADE   (PRELIMINARY MEAN  REPAIR  TIMES) 

Repair Procedure Mean Repair Time 
(Man-Hours) 

No. Standard Repair Procedure 
Active 
Elasped 
Repair 
Time 

Paint/ 
Primer 
Solvent 
Dry Time 

Adhesive 
Cure 
Time   * * 

Total 
Elasped 
Repair 
Time 

1 *   Patch/plug  repair of skin/core 
area. 

2 Patch/plug repair of large skin/ 
core area - penetration of upper 
& lower skin surfaces. 

3* Patch repair of fiberglass skin 

4 Mechanical straightening 

5 Blend repair of aluminum 

6 Polish repair of steel blemishes 

7 Blend repair of steel 

8 Replacement of abrasion sheath 

9 Replacement of trim tab 

10 Replacement of tip cap 

1.16 1.50 .50 3.16 

1.61 1.50 .50 3.61 

.58 1.50 .50 2.58 

.38 1.50 1.88 

.63 1.83 2.46 

.60 .16 .76 

73 1.83 2.56 

.60 .16 2.00 2.76 

.93 1.50 .50 2.93 

.33 1.00 1.33 

* Mean Repair Times based on repair 
procedures using nalgene hand- 
operated vacuum pump. 

** Adhesive curing by heating unit 
for all procedures except No. 8. 
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Field-Repairable/Expendable Main 
Rotor Blade Repair  Kits  and 

Equipment  List 

Kit  No. Kit Description 

1 

2 

3 

4 

5 

Trim tab replacement kit 

Abrasion sheath replacement kit 

Blending/polishing metal repair 
kit 

Core/skin plug-patch repair kit 

Skin patch kit 

Tables XXV and XXVI present the repair kit contents and 

associated equipment. 
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APPENDIX VII 

LIFE-CYCLE COST ANALYSIS 

This appendix presents the computer 
output for the computation of life- 
cycle costs for the current blade and 
for each of the design concepts. 

Basic parameters, where not given, are 
MTBF's based on the current blade at 
600 and 1000 hours, and a fatigue life 
of 2500 hours.  Fatigue lives of 1500, 
2000, and 3000 hours were also used to 
establish the effect of service life 
variation. 
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HELICCP1EK  LIFL-CCCLt   BLAUE   CüSTb 

CJ.. vM i'   UH-1'I   --.ri' 

XEA.'NI  i IM; iJci'i-.c.;-; J FAILU: 

FIELU      tvUt'AIKAmLl i"/" 

=    «   0000 
600.0 

12.4 
I.Al'E   HüiJ..!' 
,.;..Cu.,jr 

MEAN   TIME   BF.T..L:.M   ;1A! NI L:J.V.C£   ACTI-Ni   CPL.'uJE  HJU; 

REMOVALS  FC.:   i:EPAI.-.   CI;   .•.^PLACEXi.n =     03 1. V 
KEPAI;;3 = tizb.o 
cAXAas: ,._'i.,-.ij.£ ;^ ;r_ =    769.^ 
U.^SCHED'JL'.J     .A[ .i .: JA.JO... =      600.0 
iCHEOJL'-   ,-lAI      i,.,,..C.:'   CvEri.iEMtNT) -ncb0.9 
^LL   MAI.'jT;.. OA.K':t:   ACIIC.^ =      581.7 

BLADE: EVENT: PER AIRCRAFT LIFE CYCLE: 
NUriBEH L.^r T : AfT.a n -.,: 
■JL'MFV..-.   FAflöJE   HEflfiEJ   U.'UA.IAGED 
N-i'lM,:   tiEPAIui:j   ^,J   AI. C.AFi 

l.SOOO 

CO 000 
\u:-;r^:: ;<C.;AI.".20 CFF Ai.xr.AFT m fiLiu = 2.0609 
NJ-^K.:   -C.^VVED    IN   FI;.:L:I = b.SloiO 
waBfcu r)x::-. :.Z'j AJJ KEi'i.iEO IN "itLD = o.046a 
Nj^rcT i.ii'.-i'fr.i;.) AI'  UEi^i - 1.603.3 
N-;;3£H   iC'VPIO    M'   01^^ 1 = /;.S^4!J 

MJM"ER   DAMA.'i-.O   A iQ   r.EiL.uU   Al'   ü-li'..\ - Z.dlZZ 
TOTAL   NJ.;^..   ^Al-'.-cO   t'^O   NJ T   r.EPAl,.i-:0 - la.9969 
fCTAL  :.'J:"C.(.   ALL   ^S^LACEME.-JTS = 13.5:-:16 

MAIN   .;3VC,?   SLAOE   CO^TS   ?£?.   ..ir.CRAFT  LI Ft;   CYCLL: 

CPSf   OF   INITIAL   ;-i'.0CJ.-:r;-1c,-:l : 
Ni.. AI.-.CRAF: cjiFini::'-> CLT = s öOOO.OO 

SPACES C^sr.   ..!rTH C:.UAI ■:.::.•<_■ = : aoif.oo 
SPA-^E  .lEPAIr   IIAici.IALi =   0 0.60 
REPAIR   SUPrTJKf   t.'.JIP,'i£ ii =   J 160.00 

TTTAL   INITIAL   P.HDCUKE'-tENT   C'JüT = 2   3176.60 

ccui  TF r.EPLAC^:-r^r BLAOE; Ul   frlCii^  L. ..T   A.ü   ü,JiE.".vICEAC:LE   (IMCLÜOING 
3LACE   SHIPPI.NC   Kl.u   CJlfAINr;.;   £-)IPPIN(i   C.;:Tb): 

9LATEC   LCi-i'    T;/ AT f., I T I ' .' =   3   /r/iJ.SO 
DA'iAGEO BLAOE:;  NUT  P.ZPAIIIEJ      = ?4:;cor.'.'io 
TINiC-EKPIr.EiJ   JNJUA;AG£Ü   CL\UES   =   S    1ü6J.90 

TOTAL   REPLACE.NENr   CCST = 343420.70 

COST   OF   MAINTENANCE   ACflCNi)   CLA&Ur>   AiO   MATtHIAL   TO   IMSPECT«    AENJVE, 

r;CHAiP.. r.':?LAC!:,  ALIGN,  ANJ TRACK): 

FIELO ff.r-.ii y   .   ;   Ali.C./XFi' 
FIELD .NFPAIi";   OFF   AI..C.\A"r 
FIELO LCKAP 
FIELD .^ETl.it-'ENT 
DEPOT .stPAir. 
DEPOT CCfvA? 
DEPST .N;-:n.,ENENr 

TETAL   NAINfE JAslCt:   COST 

=   S 
0.00 

91.30 
= I l.'i.60 
=   J 17.10 
= S I?64.30 
= $ 9JO.00 
=   S      064.10 

TOTAL  LIFE-CYCLE   BLMOE   COOT   PER   AIKCP.AFl" 

S   37 55.6 0 

£60,360.90 

MAINT'NCE   MAN-NOJ^^/FLIGifr   NC-ÜH      =      0.03 13 
BLADE-RELATED   AISC'-AFf   DC'.-.'N'i IME     =       93   40URS 

25R 

^~—^M»a»aMMuiiaiMiaaiMMi>iaMiMaMiMaHUHiMa*aaa  ■metmäiimmmtBitlä 



^^^W^W>^^^W^^^^IPW^^^WWIII|IIIIIII ■ HIHI... ii.ii» wmmm   i   rmmmmmmm 

HfcXICOPTE.:  LIFE-CYCLE   EiLADE  COSTi» 

CURi2E,MT  UH-IH  MRB 

NEW     BLADE     PRICE =   T   3000 
I-lEAfl  TIME   BET.-.EEM FAILUÜEE     =       :)\A.O  ÜLADE  HJüKE 

FIELO     rtEPAIi.'AälLirr' = 12.4  PEKCENI 

MEAN  TIME   aETTEE.N  MAINTENANCE   ACTIOMS   C9LADE   -IJURL) t 
REPLACEriC-lfS =   10^3.2 
REMOVALS   FOR  !-;EPAIi<   0R   KEPLACE'-IEINII' =     327.3 
REPAIRS =4151.1 
DAMAGE   .';EPLAC£;;E-JTS =    1172.1 
UNSCIEOULED  "'.rii^JAMC:: =     ?14.0 
SCHEÜJLEO   .VAI UE.J/V.'CE   (.:tri KiXENf) =   3720.2 
ALL  MAINTENANCE   ACn.vi- =     327.3 

BLADE  EVEMT2   PER  AIiXHAFl   LIFE   CYCLE! 
NUNI3ES   LHST   TO   Arir,ITr;>J = 1.5000 
MUMBFJ?   FA1IGJ£  rfEIIKED   ^'iUAriAGED = 1.1463 
iNUMü.-:.-;   ivEPAIi.Z'J   2M   MP.C'.hr'T - 0.0000 
NUMr3ii{ KEPAI:-;E3 OFF Au.ciWT IM FIELD =    1.3529 
NUMBER   SCriArTED   IN  FIELD » 3.6223 
NUMBER   DA-iAGiD   AJJ   aETIP.ED   IN   FIELD = 0.03ü''i 
NJMDER  REPAIRED   AT   Dt.,-1:"! = \.ü361 
NUMBER   iCi.APrED   Al   ^EP^i = 8i9353 
NUMBER   OA-:AC^0   ..VJJ   r-;Kil<vED   AT   DEPOT = l.'1i394 
T0TAL   NU'lPEji  DA;i.V.;ElJ   A.JD   NCi    REPAIRED = 3.-V319 
TOTAL   MUM3ER   ALL   rsEPLACEMENTS « 9.673 7 

MAIN   ROTCR   PLADL  C2STS   PEf:   AIRCRAFT   LIFE  CYCLE: 

C0ST  CF   INITIAL  P/.rCU.lE.-'.E.srt 
NE.. Aincr-.AFr ruTFinrjc C.-T   = z 6000.00 
^PA'iES   CaSfj   Uli)   CO JTAI .E.<G = S 2016.00 
SPARE  P.EPAl:i   XUEHIAL.i = S 0.40 
REPAIR   iUP.^CKT  EO'Jir-.'.E.JV = 3 160.00 

T3rAL   IWiriAL  PKCCUxEMEMT   CJ3T = S 3176.-40 

COST  OF  REPLACEMENT   E?LADEi   ?2V.  THCOE  LOilT   AMD  UNSERVICEABLE   (INCLJDI^G 
BLADE  SHIPPING  AMD   CJNfAI/JE..   SMIPPIMG   COSTS)! 

CLADES   L3.'.r   TO   ATVM f Uli =   Z   4762.50 
DAMAGED   3LADES  NST   REPAIRED        =   C27 126.10 
TIME-ZXPI.-.ED  UNDAMASED   BLADES   =   3   3641.00 

TOTAL  r.EPLACEME.iT   C3ST = $35529.60 

COST  3F  MAINTEMAMCE   ACTIONS   (LABOH   AMD  MATERIAL  T3   INSPECT,   REMOVE« 
REPAIR,   REPLACE,   ALIGN,   AND  TRACK)! 

FIELD  REPAIl!   3M Mi CRAFT = 3 0.00 
FIELD  .<h.FAiR  OFF AI KCKAl- l = £ 60. 00 
FIELD  SC.;AP s £ 130.40 
FIELD  RET LAMENT s S 35.30 
DEPOT   RErAl." T s 1239.50 
DEPOT   SCi;AF s 5 603.90 
DE?3T :;ETI.-.EMEMT = 1 370.30 

TOTAL  MAINTENANCE C3 ST = S  2439.50 

TOTAL  LIFE-CYCLE  3LADE  COST   PEF.   AIRCRAFT 546,195.40 

MAINT'MCE ;;AJ-H:ü.;S/FLIGMT   IOUR    =    0.0220 
OL.-'.OE-RELATED   AISCKAFt'   C3..ilTIME     =        65  HOURS 
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HFLICOPREU LIFK-C/CLE BLADE C'^I-TS 

CJK.-NE^I  ,J<-H MAIN H:UJH DLAUE 

Nh,.-.      HLADE      fT.ICr: 
>;t.A>j rpiE F<Kf..;■;'.;•! FAlLJHEi, 
FttLU     ivtlPAI^A'ilLl Tf 

S   3000 
1000.0   ÜLAÜE  -i'JOiil 

\d.t    C'tr.CtJl 

MEAN   riMc.   BET..EE>I   MAl.VfE'JA'ICE   ACMOvli   (BLADE   -lOJKlO: 
IJEPLACK/E Uii » 109».« 
REMOVALS   fu..   rtt^AIH   .)..   i.c.r'LACtME^ f = ^5.4 
KEPAIKS s 4b4 1.7 
DAMAGi:   HEPLACEME^rS = 1232.4 
J JLCMEÜJl.r: )   'lAIMiE-JA JCE = 1000.0 
iCHEüüLtü    -lAI Nlitl.JAvlCt   CutriKtMENl ) = 7726..'i 
ALL   MAI ll£-*AN.Cc;   ACflCJS = 803.4 

F)Lf DE   EVENTS   r'EH    AtnCK^n    LlFt   CYCLE: 
NJMnEl.  Lt'if   < J   Af UsI i la« 1.500« 
NJMPErt   rAflflJE   r.£rinEJ   J.JJAMAÜEU i.2?4a 
NJMBErt   rtEHAIi.i7.ü   JM   AtrtC.%Af f o.ooon 
NJM^EH   -<^:i^^rl^:•.J   :FF   Alr.CKAFf    I^   FIELD 1.2366 
NJMRtrt   iCKArVEü   I>-J   H'lELD 3.310S 
(MJMHEi<   DAMAOEü   MU   nEriiiED   IN   FIELD = 0.0277 
.JMHEH   ^EPA[.-;cJ   AF   'J-;H )l • 0.9653 

NJMHEH   ^C.'.AHPE      AT   üF.rj l" s 2.7327 
NJ.MDEK   JA::,.uEJ   A'.'J   ..SlI.icTD   AT   DE^ar r 1.7^69 
rOTAL   ■;J;rE^   DAMAGED   AMD   NJf   (\EPAIKEU s 7.7M2 
I OF AL   NJMKi..   ALL   liEPLACE/EMTl- s 3.Q9ZA 

MAM   rtCror<   »LALE   C0S1. <:.> A-.'.c/.Ajr LIFL~ crci. 

C:iX   CF   INlflAL   PrvilCJREMENr: 
^E*   AIHC.-IAPI    .OIFIIIIJG   CJif = t 6000.00 
SPA..El   C-'M'.    .li<   C'Ni AI-JErti. = S 2016.00 
SPAKE   KEPMK   «ArE.UALÜ - S 0.30 
.-.E,'AI8   i,Ji\ ...l    ECJIP'-tENT = 1 160.00 

T3rAL   INITIAL   r-,,JCj.:.E-ir: Jl"   C';i.r = S   .S176.30 

COST   CF   XEPLACF.-.ENf   BLADES   Fi»;<   f^SE   LCJi>r   AND   J.MbEriVl CEABLE   (INCLJJINb 
PLADE   S.-itr'PVW   .'-.D   CINfAIiEn   ^HIPPI-JG   CCWS): 

BLAOEi, LJ^r  .'-  r,rr,iiJi:-N = s 476a.'JO 

JA1AGE0   HLAüEi.   NJi    nEPAIrtFJ ^   $216?T.90 
I IME-E.<PI..EL>   J.VDA'^AJEIJ   r.LAjEi.   =   f   -.10^.10 

rCfAL   REPLACE :"...r   CTSf = S33560.b0 

CCSI   2F ••'AI.N.'TE.M .Ct   AC1IJJ1 CLAr-j;.   H-IJ   '■lAfEKlML   i'J   HSPECI.    r.E.OvE, 
. LPAI.-.. .\F.rLACE.    ALIi..    ..-.l- l.-.ACO: 

FIELD i%£,'AI..   i-N   AlrtC.AFl =3 0.00 
FIELO .■;,:.'/M,     2?f   AInCi.Ai-'f =   t 3-i. ?0 
Fiou^ -:..'. - ;    i n.?o 
FIELD   K-Ii I.- :  'E.Nf - Z 3/.7 0 
DEPJi"   «EP^I.. = i I I ü.üO 
üE.J0i    iC.-.AP = 5 äSd.OO 
DcJi    ..Efl A^.'^E 4f = £ 33-5.3',) 

1 .TAL   yiAl.UE -. ,.CE CJ^i                        = 

fCTAL   LIFrT-Cr'CLu:   rLC- , 1    rL.;   AI(<C;..'Vf 

S    2^12.70 

SM-J, 017.60 

MAtNT'NCE   •■•AN-M.-'jriS/'FLIG U    M3üf?      -      0.0,^O1) 
BLAJi-.'SLAfEO   Ai.-CrVvF   J.".   ITflE      =        61    -C'-WS 
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HELICOPTER  LlTt-CYCLE   HLAÜE   CüSTS 

CimENT   UH-H   MRB 

NEW     BLADE     TfilCE 
MEAN   ri.'lE  BcTl.EE.M  FAlLJHEi 
FIELD      nEPAInARtLlTY 

$   3000 
1200.0   BLADE  HOUK 

12.4   PERCENT 

MEAN   TIXE  BET^'EEN  MAI glEXMCE   ACfiexS   (BLADE  HO,JRS>t 
KEPLACEMt.NJTi; =   123b. 7 
HEMOVALS   FOR  KEHAIrt  OR   REPLACEMENT   =   1007.3 
REPAIRS =   5450.0 
DA.;AG?   REPLACEi'IE'.'Ti s   1531.8 
U.'JECHEOULED   MAIJTEJAJCE =   1200.0 
SCHEDULED   MAI.-Jl'iNAMCE   (.iETI KEMENT)   =   6273.0 
ALL   MAIMTENAVIC£   ACIICNS »   1007.3 

BLADE  EVENTS   PER  AIRCRAFT ttFE CYCLtt 
LC^T  TJ   Air.,lTIO,'J 
FATIGJE  RETIRED   J:JDA;-IAGED 

NUMBER  HEPAIIIF.D  :,:  AIRCRAFT 
NUMBER   REPAIRED  CFF   AIRCRAFT   IN   FIELD 

SCRAPPED   IM  FIELD 
DAMACiiD   A.;j   RETIRED   I.M   FIELD 
iEPAI.vIU   AT   DEPOT 
-C.w'i.-.'iü   Ai    LtEP^T 

NU;:;)^.;   DAIIACSD   A'Jü   .-.EriKED   AT   DEPOT 
TSTAL   .-JUHEEH  DAMAGSD   WO   NJT   REPAIRED 
TOTAL  NUttBER  ALL   REPLACElENTb 

NUMBEi 
NUMPEls 

NUMBER 
NUMCER 
NUM!;E., 
NUKPfcR 

1.5000 
1.5941 
0.0000 
1.0305 
2.7590 
0.0231 
0.S044 
a.;;? 72 
1.4391 
6.4985 
3.0926 

MAIS   Kßi'Ja  BLADE  CJSIJ  PER   AtRCRAFI   LIFE  CYCLE: 

COST   CF   IMITIAL  PROCUfEMENTl 
NEK   Air.C.iAFT   rjlTIfiriG   MST     = £ 6000.00 
SPARES   COST,   WITH   CJ.J1AI>JERS     = S 2016.00 
SPAi-il  .'■"EPAir.  •tATEf'.IALi                   = ? 0.30 
REPAIK  S'JPP3,",I   E:Jir'.E;)T               = 5 160.00 

TOTAL   INITIAL   PRDCU.-üME;; f   COST   = £   3176.30 

C0ST   2F  KEPLACEME^iT   BLADES   FOS   F-IJSE   LOST   AND   UNSE^JlCEABLE   (INCLUDING 
PL/'-DE  :: :iPPPJ3  A>!D  C'-iTAir;ER  S:HIPPi;.'G  C^-TC): 

BLADr.-S   LCST   Tj   ATl,.iri3R =   f   4762.50 
DAT-IAGEü   -.LAiJEii  N.JI   r.EPAI.VED       =   r2031:.Q0 
TlXE-tX.'I.-EJ   UNDAMAGED   3LADES   -   F   5061.40 

TOTAL   RtPLACE.ME.'JT   CJ^T = £30202.10 

COST   OF   XAIvTEVAMCE   ACi'IO.'OS   (LAFOR   X-iD  MATERIAL  TC   INSPECT,   REMOVE, 
REPAIR,   KERLACE»   ALI^N,   A.JÜ   tRACK) S 

"IFLO   t.EPAIR   :i   AI;;CRAf'i =   Z 
f It.      '   ,:^:'t>ii\   xFF hi/vCKAFi"                 - S 
Fl:'l.   SCRAP = S 
FT EL.-   KETliiEMEiMT = $ 
UEPÖT   SEPMR = S 
DEPOT SC:;HP = s 
DEP^i   .tl I,.=MEMT = S 

TOTAL :,Ai.;TE'J(ViCE; C:ST                 = 

0.Ü0 

99.30 
43.50 

932.20 
-.60.00 
232.10 

TOTAL   LIFE-CYCLE  T'LA^E   COST   PER  AIRCHAFT 

S    1917.30 

$40,296.10 

NmiNi'RC^      K >.i:J;v;,/?'LIGXT   HOU.-"^     =      0.0130 
BLAOE-R^LATEO   AIÜCHAFT   DOWNTIME     =        53 HOURi 
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HELIC^rT. 

Ml.»     "i.i.; 
'•!cA-J    ii 
FILI.;J    :..:. 

r.ZA; it-,; 

i- j.i..: a' w t- i (  ;i;<))   ;•■ 

.i , L J-.ti; 
! 1. f i ^ 

3 000 
6J6.^   MUAÜE   -U-'Onrf 

-.EP M :.. 
DA-:*,.;^ ,,.: 

ALL   '■ AJ  I i 

AI ii^r.^iCC   ACilJ.-.'S   CbL/'iDt.   HJJ.ii»): 

£..-.-:;.   i).^   (i.VLHCi.-li.'x'r   -      6jt;. ? 

\CZWi^ =      905.1 
'\1 ;t." J*I .Ct =    6';6• 4 

MJi.;i\;C:.   (..-rir.^.i^.JT)    ri33,^.i 
vci i.; ;„ CJj.f 

BLADE   EVE-JTl   ,:'£.:   AI.-.C   ■••.= 1    Lift   CrCLE» 
•MJ.'Li. ;   L--.I'    i:    ■..!■.:IiIC) = l.bOOO 
'.'ü':'^..i   ".•.iluc.   '.Cil, :-.J   _l iuA.-}ACfcD = J.Vlo^ 
MJ "•.£ :.

;
AI:,£J J -M.-CArr = 0.0000 

;j .■:%.> .:;:'AI. ZU ;r"F AI^CAA/; I,-J FIELL = I.JIV? 

:iJ,"-i.v   LC.,A;'.:'JJ   IJ   r'IELJ = 4.6731 
,MÜ!-nc;.,   O.WACS'i   \ij   ..Efl.-.EJ   IJ   FIELD = 0.0406 
NUMtE«   .^rAL.ED   AT   DE?0f = 1.6143 
NU.'iKE.^   £C;iAr-?ED   ".V   JEPTI" = 5.7930 
;JU !! .;.■.   'JA;\ülÜ   A.ü   ..üTI.'.EL)   Al'   ÜEPCT = l!.525I 
TOTAL   v;j"QE,-;   JA lAuiO   A.0D   .JOT   /lEPAIKr.O = 11.0363 
TCTAL   JJMRE,;   ALL   .■.£,-LACE,:E:Ji i = n.7;33a 

MAIN   :<cr,:A   ELAJE   C.:~rs   PE.<   AlriCHAFT   LIKE   CYCLE: 

Cd.    0F   INITIAL   P..-.;C..,"1- iENT: 
NEW   AI.'.C.'.AFr   P jl'FI 1 i I.:3   CCbT = S 6000.00 
SHA.-.E^   C.Zi,    ,-H'H   CJ.J1 ;I.JEA- = Z 2016.00 
SPARE   <.EPAI.;   MAfErlALi = 3 O.SO 
REPAIi.   tUlVOnr   ECUIPMiMT = E 160.00 

TOTAL   I.MITIAL   Pf.CCU.-.E.MENT   CO^T = Z   6 176.50 

C3Sr   OF   (■•"EPLACE^E:!!   r,LA)ES   FOR   THJiE   L^ST   A,\'D   UNSERVICEABLE   (INCLUDI MG 
BLADE   5 UPPIiG   XJJ   C."J1 AI.-JEi-:   LMIPPIJC   CjiiT^) s 

BLADES   LC^'i    T;   AT;.r;i f IJM =   t   4762.50 
DAMAGED   DLAOES   NjT   l-.EPAIRED        =   S35501.30 
TlME-c^PI.^EO   U IJ^AGEJ   ELAüEL   =   S   23i?.70 

T0iA!,   KEPLACEMEIT   CCIT = S42634.00 

CCST   CF   MAIMrtCMA.JCE   ACTI^'i   (U^ZH   A;\D   MATERIAL   TO   INSPECT,   REMOVE, 
REPAIA,   i.SPLACE,    ALI'JM,    A JU   T,<ACK): 

FIELD   .-:t.."AI.-;   ./J   AII.CAAFT 
FIJLJ   REPAI,-;   C6-6"   A!;;r' 1FT 
FIELD   SCHAP 
FIELD   fvETI.iEME.il 
DEPOT   .<EPAI.J, 
DEPOT   3ChA? 
DEP3T   RETir.EMENT 

TOTAL   ■•lADTENAVCE   COi>T 

TOTAL   LIFE-CYCLE   BLAJE   C:Si   PE.<   AIRCRAFT 

lAMT'NCE   ■:0^-4CJ.^/FLIGHT   HOUR 
-LADE-RELAJ'^U   AIRCRAFT   DSUNTIME 

= s          0.00 
= S         35.10 
s 3       16?.40 
= $         23.60 
= S    1971.00 
r $     766.20 
= £     494.90 
= S   3509.20 

I< ;CRAFT          $54,319.30 
=«======== 

= 0.0379 
= 33   ilOUKi 

assBSSss 
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HELICUPTER LIFK-CrCLE ilLAUE COiTb 

CURRENT Ul-IH MUD *****   N3 Cö.'lFlAT DAMAGE 

NEW  BLADE  PHICE 
MEAvN rntf. niCTiiEEN TAILüRES 
Fif.LD     ;EPAI^ABILI rr 

$   3000 
1045.6   BLADE   HOURS 

13.2 i'ti;c£:ir 

MEAN   Tl.ME   BErwES i 
KEi'LACEME Ji^ 
UK'^'VALi   FC;. 
REPAIRS 
DAMAGE   REPLACE-'.E.NfS 
UvlJCHtlJJLEO ;-,M .it JA 
SC IcUULEO 1A1 J i £ !ViC 
ALL   MA1NI^:1A JU'E   ACi I 

;Al:jrE.NA.;CE   ACTIONS 

;t(3AIi?  TR   ;.cPLACEMENr 

CE 
.■;ETIHEMENT) = 

(DLADt;   HOURS)» 
=    115-1.6 

5 10.3 
4313.0 
1330.2 
1045.6 
7064.5 

9 10.3 

BLADE   EVENTS   Pt.i 
NJMUEP   LOST 
NiJ,-;8t>; 
N'ü'iBER 

N'J'^E.'-i 
Nij:,.nE.< 
NUMBER 
NUMBER 
NUMBER 
TJTAL NU 
TOTAL NU 

Ai;;CHAFf   LIK^   CYCLE: 
ro Air.uncN 

FATlfiUE   KETIRED   UMDAMAGED 
^EPAi:<ED   '-•'.M   AI.-.CnAFr 
,.ZPAI..::ü ;FF AI«CI'./,VFT I:J FIELD 

tCHAPPED   IN 
JA:-AG;:D  AND 
REPAIRED Al 
SCRAPPED AT 
DAMAGED AND 

B^K DA;;At; 
5E;:   ALL 

FIELD 
RETIRED   IN   FIELD 
DEPOT = 
DEPOT = 
RETIRED   AT   DEP.J 1" 
U   AND   NCI   uEPAIi-.EU   = 

EPLACEMENTi 

1.5000 
1.4155 
0.0000 
l.a539 
3.07 09 
0.0267 
1.059 7 
2.4399 
1.6576 
7.2452 
8.6607 

MAIN   HZTir.   BLADE   CCIfi   PER   AiriCRAFT   LIFE   UfCLEl 

U3ST   3F   INITIAL   P./.'C-'KE.-^NT: 
NEW   AI.^Cr.AFT    K'iFIlTlNG   CCwT 
SPA-iti   COST,    ..IIH   CCNTAINEP.i 
SPA7\E   REPAIR   MAFEt'-IALS 
REPAIR  iJPPCrl   ECUIPXENT 

TOTAL   INITIAL   P.:.CCJÄE/.E.-'T   CZL1 

= Z   6000.00 
= i   2016.00 
- ;        o.30 
= $       160.00 

S   3 176.00 

COST   CF   REPLACEXEJT   BLADES   FDR   VHÜSE   LOST   AND 
BLADE   SHIPPING   A:.'D   CJNVAINEr.   SHIPPING   CCSTS): 

BLADES   LOST   TO   ATTRITION =   £   4762.50 
DAMAtjED   HLAOEl   Nil'   REPAIKEO        =   S22377.50 
TIME-E/,PIRED   u.NDA'.AGED   BLADES   =   3   4494.30 

UNSERVICEABLE   (INCLUPING 

TOTAL   REPLACEMENT   COiT = 

CJST   OF   MAINTENANCE   ACTIONS   (LA9CR   AND 
REPAIr.f   .-.EPLACE»   ALICN»   AND   T.;AC.<): 

S32136.40 

VIERI AL   T3   INSPECT,   REMOVE, 

FIELD   REPAIR   ON 
FIELD   REPAIH   CFF 
FIELD   SC^AP 
FIELD   RETIREMENT 
DEPOT   KEPAIK 
DEPOT   CC..AP 
DEPOT   RETIKEMENT 

TOTAL   MAI >JTENANCE 

AIRCRAFT 
AIRCRAFT 

CJST 

=   £ 

s 
s 
s 
s 
s 

0.00 
55.30 

I I U . n U 
43.30 

1293.9 0 
503.00 
324.90 

TOTAL   LIFE-CYCLE   BLADE  COST   PER   AIRCRAFT 

S 2331.40 

S42,644.20 

MAINT'NCE  MAN-MO'Ji-;S/FLIGHT   HCUR      =      0.0200 
BLADE-DELATED   AIRCRAFT   DOWNTIME     =        59   HOURS 
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HFLtC^'.E.-;   LlriT.-crCLE   nUAOK  CJSTi. 

CüiikE.'it   Üi-IH  V.il   **»*»   :JJ   COMBAT   DAMAGt 

ME..'     RLAOE     P.,ICE =   S   3000 
■•;;-:AM  riMt i..-:i. ^•"i i .■•AIUU.JES    =     it^^.o BUrtut HüJni 
FISCLLi      .viC'U,. V-ILI i r = 13.J   ^»tKCE^r 

■-I.^A-J   I'lMc   r/cli        -N   •■'AI.-ntM'VfCE   ACl'IJ.J^    (RLAOE   '(JJKii): 
TtEPL U'c '.. ■. i- = 12:31.3 
KE/'JWALt   -i   .;*C.JAI/,   J.<   Kc'PLACE.St.'J l' = >7ü.ii 
I\£»JA1 .  1 = 47i;b.3 
ÜAMAut.   r.K/'L ACc^E^li. = IbO^.^ 
U-i-C-i-  '; .:[.-:'.*   " M Ji K JA jCf = 1144.0 
ZC-(E)-,L\.'    '.M  '.fc.-iVlC:   Ci^f liiEMEJI ) = 63^9.6 
ALL   ■i-M  :i t; J', JL/-:   AUrrC^IÜ = 970.t) 

BLADK   "VE-JTi>   Pc.:   ALU-'mFf   LI.-E   CfCLE: 
.,JM'\-::J L.:ii   »; AiT.vi rinj =    1.5000 
NJV^EA    fWilGjZ    r.fri, r   ;    J /JAMAGE.J = J.56.-J6 
NUMBER   ,..:r''.-\I .-:J   .J   AI  .C.'-.AFT = 0.000Ü 
NJvieü,;   .'.tj    ilnc:»   :;rT   AI.;Cr,AFf    1 >)   r"IcLD s l.lb06 
H'J'ABEn   tC.-.tVPKO   I'I  Fl£Lui = 2.30i>b 
NJ,';r^,':   DMXAIJLO   A.'JU   ,:EiI...:j   IN   FIELU = 0.0244 
\JM?i".i.   (v.CHAI.'-.iO   Ai   DEr-Jf = 0.9654 
NJMBEr   LC;,A.'-,JJJ   Al    DKP.If = 2.2793 
NIJM^.-...   J >.".;:;:L)   A^L)   .-.En..ED    M    CS.'.:r = 1.5IbS 
TOTAL    :^ ■;;-_.:   jA-;AGtiü   AJU   MCT   itEPAIrtEÜ = 6.62b2 
T.'TAL   NJ?,nE«   ALL   i!EPLACE;i£.VTi = ■?. 18713 

•IAKJ   ?,0Tr. ■,L-on   c1:!!   PE,'?   MKCRAFT   LTFE  CfCL! 

cosr OF i JirrAL p/<ocü;.EME»r! 
NE«   AI.-.CPAF T   ^JfFITTt.MG   C.'iT =   S 6000.00 
iPAi-Ei.   CCtl'j    Alii   C'iiAIiEWS =   J 2016.00 
iiPArtE   i.EP.'Ii-.   MAIEKJALS =   S 0.30 
rEPAIrt   ijJi'fJ   ., T   ErUtP-tr'^T =   £ 16 0.00 

TOTAL   PJITIsL   P« ■CJi-.fl'E.JT   CSST = J   3176.30 

CO^T   OF   KEPLACE-IE Ji'   RLADEi   FOR   T-IC^E   Lr:ir   AMD   J.MiE/iVI CEABLE   < IiMCLUDING 
RLAOE  S-flPPI^t!   AvJ   CONTAr-JER o-UPPIMG  CJiiS): 

BLADES L'-i   :; Ari.-.irijj = ? 4762.so 
DA'IAGEJ   -LAOrli;   '.JT   r>EPAI,:.r.D        =   520821.30 
riME-E<;'I:.c i   JsjJVlAÜEO   'LAÜEÜ   =   S   4?61.20 

TCiAL   r:£PLACE"-!E'-jr   CTIT = £30544.90 

cr.tt OF "Ai ii'EJ.v.'cs Acn.ijs CLA'-JK AJU MATEHIAL IG INSPECT, T.EMJVE, 
REPAIS.   .'.ZPLACK.   ALIC:..   A 10   ThACK) ! 

FIELD    ^EPA.r..   C'W   AI.-.C.Arf 
FIELJ   .-«EPAIu   CFF   rtlHCrtAFi 
F! ELD   1 ?:■ A-.J 

FIELD ..:-:i it-.t •:';; r 
DEPOT   i-.c.'-'AI.; 
DEPOT   tC>.AP 
Dr:pcr .-.E/i,-.^ ■„. JT 

r^TAL '-lArirr; :A JCE coir 

= s 
= s 
= « 
= s 

0.00 
51.00 
!01•00 
47.6 0 

= s i m.^o 
= f  460.50 
= I  2.» 7. 00 

TOTAL  LIFE-CYCLE   BLADE   CO^T   PEK   AIRCHAFT 

£   2156.00 

S40/'-?D7.20 

■■'AINT'MCE    ■i'St- V.'.jr.L/rLlWl'   -ICUS     =      O.Oli'J? 
nLADE-.TELAIED   AI.IC.AFT   OJ.. •! TIXE      = 55   r.'URS 

264 

m^^H^ ■.....■^.,.~,.**i.i;.umr..ut:**M*i^~^ 

I I ■ IflfrgEgJi 



wm mmr^im m'm^t^^m mjipwipijiii "wim^ir^mmom 

HELICCHrt.;   LIFE-CfCLE   riLAUli   CTiTS 

CUKUENt   UH-IH   MAD   **♦♦<<   NO   COI-IBAT   DAMAOt 

.Jtl.      BLADE     PhlCS =   S   3000 
MEAJ   TlVi   SLI ..:•;;•; J   r"AILJ;-;ES     •=      1372.-3   BLAUE   -ICUHS 
FIKLU      KEHAI,.,■,:.I LirY = 13.2   PE.iCiiNr 

llfAM   TIME   DEI ■.-.tEJ   ^AIN f ENAJCE   ACriO^S   CBLA'JE   HOUi'.'S) : 
RErL.-\Ct:ir..sll ^ =    13b6.0 
:.£■;""/ALI; F:,'. REPAIK JK AKTLACE'IE.JI  =  1091.0 
HEI-AIRJ =   5662.6 
DA.'-;AC:E   KEPLnCt.'lE.vrS =    1312.1 
UN3CHEDLLEJ      HI.-JTE i.-VJCE =    1372.3 
SCTLUULEJ   ;AI,.. .: : A.JC,-: CKETIREME.'JD   -  'J33-;.O 

ALL    •■AIMC;'J;. .C-.   ACT I CMS =    109 4.0 

BL/'uJE   EVEMTS   HE;,   AIiiCixAFT   LIFT   CYCLE! 
MU:-irtE.? Lcr  r 5 ATT.MTI ■;-; =    i.scoo 
NUMBSn FAi'IGuE   f.ETIKEJ   JUAflAGED = 1.3560 
NUMBEH KSr'AIlsEJ    M   AI/.li.A"^ = Ü.0O0O 
NUMBE.: ..c.-'AI,. v^    .FF   AIr>;ArT   IM   FIELD = 0.9 5,3^ 
NUMBER --C.-iAl-'PEü   IN   FIELD = 2.3390 
NUMBER DAr'.V'ED   A.-1D   KETIHED   I !   FIELD = 0.0203 
»'J,'ir3E.i r.EHVI.-'.iü   Al   DEfJT = 0.3071 
NU'tBEr« ^CJ<;. P^ü   AT   DEPJT = 1.3965 
NUMQEn OA-iAGEJ   /V)D   ,\EiIi<Ei)   AT   DE^C 1' = 1.2626 
Tar AL Nu;'r.t-:.: ->.\.4,\GZO AJU :;jf REPAIKED =    J.J134 

Taif'M.   iNU.-.L'E.-.   ALL   P.trLACEXE.-iri =      1.31AA 

MAIN   r.Orj.H   BLADE   COST-   PE.^   AlhCfiAFT   LIFE   CfCLE: 

COST   CF   INITIAL   P. .^C JhE.rE-Jf: 
NE-   AI.'-.C.A,--!    .. jfFI I . I.;G   Cv.„T = 3 6000.00 
LPASES   C.'.sr,    „ITM   C. .r,M:;E,;L = S 2016.00 
i.PAi?E   ;:EPAI.:    lArtnlALi = 5 0.30 
KEPAI.T.   i'JPP'v. 1'   c .-Ir.-iE,.1; = I 160.00 

V J f AL   1.41 r I, .L a" ':.^r = :   3 176.30 

ci;^r of ,«SPLAC'-:..Ejr LILAU-.: !■■_.. i-{Owj L;-V A.S'J UNSEI.VICEASLE CINCL-'^I.'JG 
BLI'UJE   -!Ii;Pl:.G   A:J   CJIAMA ...   ^UrPi.iG   C,~ii.): 

BLAD__  L.J-JT   r.   AA'i'..i .'i:: ; =   r.  *r/6ti.bü 
D.'^ '.r''iS.'J    ^LAUJ;\..    AA'; i'    .  ";"■■" t   . VJ =   ,"" i 7 1 *> '. ? 0 
T1,';£-E-<PI.'.£0   v. ;CAA,\G£ü   ALHJE-   =   5   5^'.;.70 

rCTAL   i.EPL.-'.CE    :.i    G.)Lf = i273C'J.lO 

ccir -.r •■iÄr;rc :/.:c^ „en.: A. CL'A.JA AJJ .-.ATEJ.I.U. TC  I J-PECT, öE^VE. 

FIALA ..£/■,:.. 
FIELD PEA-AI.A 
FIELD SCr'.AP 
FIELD ' :i I. E: 
U.ATr :;P.M ; 

ir 

■■: 11. . 

vn 'a.   AM- 

VI KG. 

LA^T 

0. 00 
42.50 
34.20 
56.30 

9 >J.iO 
C'.i. 10 
247.GO 

iOTAL   LIFE-CYCLE   "LADE   COGT   PEtx   AI.'.C.'.AF 

T,    1799.10 

£37,733.40 

MAIVrVNiCE   MAi-.-iJj, 
"L-wI-.-.CLATEJ   A!.. 

.-/FLI A U 
-ir i    ^ . 

0.01i6 
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HfXICOPIEn   LlKt-CrCLE   ÖUADK   CJSTL. 

.Il'H   CJHBAl   ü. AGE 

«...A i   n;;i-; r ;• . ■■:■>:; rAiLUcX; 
Flifü     i.EPAI..-"-' i LI iY 

=   $   3000 
s        JM.O   nLAUi    I^Ji.ij 

KF.AM   riME   i-.II.r::. J MAINl'E^A :C£   ACflONS   CHLADE   HOUni); 
REPLACt \K itl -     VAH. 1 
KflOVALl   F.'r, (\EPAIH  De;  KEPLACEMENT   =     340.3 
KEFAI.C =   739 1.5 
DAMAGE i..:;L. •:...'.;: .i"i: =   IO43.ü 

UMSCMEüJH'.i)   ■'■,',litSi,ViCC =     914.0 
3CHEDJL:I) 

-,
AI )T(:. iA.-jCE (.::;ri ..-ME^T)  =i04n.5 

ALL MAI ;i.,•; VJCE ACIITJ;, =    H40.3 

BLAOE  EVE.MTt   PEA   Alr.Cr.AFT   LIfS   Ct-CLE: 
NUMBER   L.'l:-1    IZ   ArTKI T [ .'■I -      l.bOOO 
N-i-nE.< KAii-jr: ,-;xri.;-.ij ■..JJA.'IAGED =    o.95-r/ 
NUMBER   .-.EI-AI.-.^IJ   .■■,'   AI.-.Cr.AS-f = 0.0000 
NUMBER   REPAIRED   ^t"F   M..C,:AFV   IN   FIELÜ = 1.3529 
■)J:-1PE.-:   CC..A;'1'ED   IN   FI.-:LJ = 9.5577 
N'J'BErl   DA.MViEO   i\.iü   .-.EiL.Z.j   M   FIELD = 0.0304 
TOfAL   ^-r- ...   ÜAMAGEU   A Ju    iJ i   .-,.-:.JAI .■,EÜ = 9.5,5,-iO 
TOTAL  MJ-IBi ALL   ••iEPL^: 'ENl j =    10.547^ 

MAIM   RCIOR   BLADE   C2STS   PER   AIKC^AFI   LIFE   CYCLE: 

CObI   CF   INITIAL   PP.CCJSEMEVrs 
-JEW   AIRCRAFT   "JTFIiTIMG   C.'iT     = $ 6000.00 
.'.PARES   Cr.i.:,    '..IfH   CS.MTAI iERS      - I 2016.30 
SPAKE  HZPMB  MATE.-.I ALS = S 0.40 
REPAIR   SJPPOr.f   EJJIPMENf = $      160.00 

TOTAL   INITIAL   P'/.^CUkEMEMr   CCST  = 5   3 176.40 

cai.r OF ?sj'L!\Cr:--F.^: 'JLADE- FOä r^rsE LCsr AND UNSERVICEABLE CIMCLUüING 

BLADE snpr-r:ü ANJ CWIALJEü SU;-;
J
I.'JG CS^TS): 

BLADES   L.JSi"   T3   ATT.iin.;) = S   4762.50 
DAMAGED   9LA0f:>    ■■.".?   ".EPAI,:EU = S304-iT.50 
rr;E-E,<PI.-.ED   UräDAMAGEU   CLADES = S   3047.20 

T^TAL  .'■■EPLACE'E:.'!   CCST = ^33259.20 

COST   OF MAINrE.l.MCE   ACTICNS CLA30R   AND   •■IATEHIAL   TO   INSPECT,   F.EMQVE, 
REPAIR, KErLACr,   ALIGN,   iXit TKACK) : 

FIELD .«lEPAI.i   JN   AIRCiwAFf                =   S 0.00 
FI^LD RE?M..   rFF   AIKC'^A.-'T             =   3 60.00 
FlrZLb SC.<AP                                                  =   3 344. 10 
FIELD RETltlEMENT                                     =   $ 29.7 0 

T3TAL   ^AI.rr;V; A.JC£   COST                      = $     433.-50 

TOTAL  LIFE-CYCLE   PLADE  COST  PER   AIKCRAfl" 246,369.30 

MAIJT'^CE   MAN-HCUi-S/FLIGHT   rlCU,^     =      0.021i 
BLADE-ilELATED   AI.sC.%AFr   00'..>JTIME     =        64  H^URS 
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'^LKJ.'i ;r.'.   LIi'V-CrCLE      LA:...   C'^l'b 

,M:   CüML'AI  LI'.;/-,üL 

■. C- •. I, / .1, 

:; ,\i ri-c 
i 

(■■AIL'V'...-: 

II I ir 

:EJ .•■AI iit. : 
;!_ 

" t .' At: p Ai;. 

=   i   3 JOO 
I~'V.i. .   r-LA-i?:   ■iCU, 

13. j rii-x.:;: 

xt-^:^  rr.      :;. :E,J .--Aiir:.:   :J^ ACII:':^  (BLADE •I.;J;.^): 
.i-CPL -Cb  :.:;!- =    1051.-i 
<<£;■:. .Mi..   ;"..•:  A^PAI;.  n,"-: IVEPLACE'IE'.'T =     J30.2 
.v'.V/1 .; =3063.7 
DAy ',■■„   . : L \'v. ■;£ jr.': =   1201.•i 
j'Jic;-■:..'JU;:J ■/.AI:H\: :; icz. =   io-o.u 
LC'ILuJL:--.   V.M.-i c. 1. .^ ._   O.ETl.-.i-.Mt:jr)   =   ^^2^.3 
ALL     ;AI .ir' .A-.CL   AC.I.    .. =      930..^ 

DLA^i: t:v:-.:;i:  P:":.  AihC,.-,/r  tifE CYCLE: 

JJMHEi. 1 1   r::  Ari.-.iii. J =     1.5000 
^^■■■:IL:    r    rir.l   ..cila-X    JMÜA,-;AGiJ =       1.1370 
NJ-U-E..    ■.l.'AlnZD   r<   ,M,:C.-,AFi -      0.C000 
vjy.'-,::,.  -.tr'Ai ;•.:.:; z~F  M..C-.r<Fl  IN FIELü =  1.239,3 
MjMn;: < ^C'i'pr-Sü 1. risuD - -■I.^JVS 
'JJMBHK   DA.'A0::»J   A'..,    .-...: 1 I;.El1   I.J   rlLl.u        =      0.0X67 
ICTAL   ;J ;-£;? DA.IA^/J  ANO   ...T ..;..'AII.EJ =    5.3239 
TOr.M.   XJ^-!-:,-.   ALL   -.cr'LACEXE.JrS =      >.3ll0 

1 

MAIN Kor: :;LA. .•D-TS   PE.'   AIRCRAFT   LI.-'E   CYCLES 

COST   3F   IJIi'IAL   rT,Ji;u,.F.1,t\i : 
NE'.; AI.-.C.....-I   XJTEI i rt;Jü CJ^I    =  * coco.00 
-VAnEt   Cl.'-Tj    .11-!   C.'JTAI^Eiii,      -   Z   2016.00 
SPARE  ..EPAI..    :■ t'E.,I'iL- s   .'• 0.30 
REPAtj.   3_P.\:.';i    E-vJlPXEMf =   ?      160.00 

TCTAL I.;I:IAL P..;C;J.\E i.M   c;.;  = s tne^o 

cotT er ;,EPLAC-::-;■: jr Btrotz ror. r.-io-.-: L.T^T AMD UN^EKVICEABLE CIMCLUüIMG 
BLADE   ZHl.'.l .'J   .X.'j   C    ii.M'JEÄ   LiIPPlIü   C^tTi): 

LL.ADSi   L;..r   T.-.   M'l.A'i I?.. =   S   A16.1.50 
DAMAGEJ   PLA.,.:..    ..T   ,.^PAI,:E0        =   ;26S71,40 
TIME-i'.'!. r.:;   j ,J.V-;A.;^U   rLAüE:    =   X   37^1.90 

TOTAL  REPLACEMENT   CO-.i' - C3-'(;JC^.oO 

CJST   OF ••■Ar.lI'v'.'-.CE   ACiIC.'J3 fLA.-fi/'.   A,0   MATERIAL   Ti    IiMlPECT,    REMOVE, 
ritPAIR, ...C:PL'C£,    -LI'.,    A,.J Th/.C-O : 

FIELD ..L, Ai:     .:■.   Ali.C.AFi =   V 0.00 
FIELD .:EPAI.-.   '. F-    AI/.Ui.AFT =   " bb.OO 
FIELD :C:.A. =  z    2?:.in 
FIELD   At. i !..(.• L. r -   Z 3C,*AC 

TOTAL  MAI ji b ;A\'CE   CU-T = I     390.10 

T:iM,   LIFE-CrCLE   5LADE   CT.'-'T   PEr^   AtßCKAFT 543,369.30 

XAI.JT'NCE ;!,\<--(.; J.-VFLI c ;r   ^ou.;    =    o.onö 
BLAiJE-RELAI ED   AI,,C..AF1   ÜD'.-JTME     =        53   '(OJH 
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W«MW •jwi<iini»ii     i   i   w^m 

ini.icjpn-;.-, i i -^ 

: L. 

i r ■-   ■ • i 

ir, j   i 

fit.;! ;   ..Ci-: .i 

ALL  ■    [ ,i    .,. .c-.: 

-•■' 'M  ■ l ■  , 

■ lir.M. 

■:■■. .n 

;■'■•:   "id i ■ .'..  (-.LAJt:   {.:.■.:t): 

-   : <i06. i 

•     .-.HLACK'-ui Jl    =    I .16 1 . 

=     1..'35.   . 

.C» I J ).' 

•< J ' • ■ r 

i   ■ 1 At 

i ;; At 

rO i .   / 

'■■■-     >• i   : ! ■■■   CfCLi's 
'   ''-'    .. . .■; i i ■ , 

I'- - -•'    ..r If.       /     j .JA-' \ :£_) 

■H.   ■:     .■ ;    ..!..,:1.,Vi 

■'■   '     ■ - -'  :-(,- :,-.A(--|   r-j hi; i 

I •   'o J') 

7. •;:• '-i 

0.:: ji,^ 

b . 1 1 / : I 
■■• i .   .1LJ    I'J    .[n. 

A-, ALL  .x.-:.' i. v. -■•;£ j,: =       7.1CV3 

.:-.C.<\-I   LIKE   CfCLS 

■'-    ! .1 . ! 
.. i    i. . -1 . 

-    -  :   i >: >. rj 

.J i. y j 

=    "•       160.   ■'■) 

•1    = S    / 

11    ■!.;■.    i .[ 

: ■ ! ■ . 

I iCL^ I -iL 

'IZVJ   CA. 
■!.:■; <ArT 

i w 5.- ^ ^ . 1 0 

A.li..iAL     . „     I -J. 

6'  7. 30 

I 1 .4') 

. L: 

)J3. ■■! 

LMI 
I--.' 
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4KLIC .iFP-r ■ -f- ' LA v: cat i 

f  1 KÜJ     : . ! : • ■ i , ■, v-.te/!-: ;.'.i ,.!■: 
;-LAlJ ■. ,.ij 

M(;:if.    'i. •■).-.      i-,.IC;-: -  s ■;i J 

. A. :   ,i , .     .,1. ZK;   . ■,IL J  ' ;:.        =        1  ' , ! . 0 n. MJI:.     • i,<:. 

fiEi/; ■■.!.,[ L ! 1 I - ■J\.:' r'1!' • ■■C-   . 1 

i I 

K t :' '. - 
Ü \ ;JL-V: 
J g:.' ■■ :; .1 . -. ' 
LC l ■ :L ■ 

ALL ■ u . _  ,      . 

I ■:i':: iXiCE   ALI I .•■).. Cf.'LAiU: I : J- 

■"...■_ = 3 -!•.■. ; 

[ ■.i -■ : -^ iC.-: = r26i .n 
r ■ . v .CL 'i-.Ei I,-,L :;: jn = ST "J. ü 

. AC i' I ■.■• J o =1007.0 

■,i.> 

n.-.c.:Ar" r , L £ 1 
jj ': . L '-f r: ,i :.,i ii ;•; = i. äooo 
■J J • :... p-triLJ." .-.;•. i:. ..:J ^-.•JM.^'IL-.U = d.coT) 

,-J J "r.;.   ,,£:PAI..LJ M   :Ci.AFi - .■1.703<'i 
■M-';:;     ,   ■:    "»l   .•,;i    .  -'-■     Mr.C-^ri     I-    r'[ LLU = O.MIfi 

■JJ '■.•.■.   cC r.f'- L:    I  .   .-"i  ■L'J = A. 07 M 
NJ'-'^r...   [.;■;:■:-■_,)    ,\ ..:    ^.I/.LJ    I.J    F I cXU = D.OIAJ 

TCfiL     ./'r::^   'JAMAUiJ    ■,.J     ..'i     ..K  "Alr.Eü - 3.0157 
r.MAL ■:j-:irs.1. ALL . -.PL'.;>:-'L ; I ., = i.on'j7 

AIM   liOr..'«   :-LAJL 

csir :'r  i ii ri,.L 

.13  ,•:..  mi-Xhr 

i 

t PA,. .. 
i AI,...n3 

i,PA;'L   .■.r.,;M..    T-.i :..   I  ■>... 
.-HEHAI-,   L J.';-.;M    i-L[ .    '-. .'I 

TOTAL    [illtAL   ;J    ■■C;,L-!£^1    C3^I"    = 

AfZ   Cr'CL^: 

3 A n 3'. 0 0 
1  *   .j.OO 

19.00 
160.00 

S   77 14.00 

Cosr c" ,■. ■'-LM:.: ■: JT ■-LAOL3 fza  r-c»,-; L'LF AJJ  J-üERVICEA^LC; UNCLJOIMU 

^L-'OE  3 !i p.'1 LA:   A ; J  c ■ : I M J ■;■•   i-f if ,"i !A  C33i 3>: 
PLAD^J L;LI   r.;  c.ii.viii3:   ' -   r  ^i^b.oo 
DA-'A'^:;  ''L'-.:-::    '.u      .HAILED       =   5   ?'4t6.7o 
Tir-'i-^.^.-.^j   j.JA--•,■::.   -LADLI   -  --   J.'%O.OO 

TOTAL .K3LiC-:3. .r c-r = m^i.70 

C3-i   :.~ 
.•:£ ^AIK, 

FI--:L" 
r tELO 
FIAL ^ 
f I-L J 

i     1 AL 

r iCL   ACfl'Ji   (LA'-..;,-,     «-.'ü   IIAIEAIAL    I ■ J    I^iPECT»    KEXJVEJ 

■L.".C£,    'LI    ■..     ■■■■:, 
.i.-, -;   -i -.CA,-i 

:i .i: •£ :i 

■ AL.O 
3 ■, ;. •; o 

6.3 0 
I 13', 6 0 

-   T- 60.'tO 

fUAL   LI':»Ci'CL£   3L'>-3   333i    ru,,   AIKCLAFT 

56a.70 

3/, lo.'.AO 

•AMI "^3    ■■3 :- (.-; J^3/:-'LI 3 (i     13 J.: 
LAUL-r^LM  3J   Alr.OXAFl    L>.;..-JT I •'•'.£ 

0.0116 
A:'.   -lOir*. 
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i ,i iiannw» 

HELIC"'"II .v   LI.'E-C.'CLs:   ■■ 

Flf.LJ    -.Ki     I, 

\'F..     "I...'.1-.       '..'IC ■: 
•■■tEAj  i r        ■■ i   E-: : PAIL 

? I -L )      .   .   M ..'•• ULI i r" 

2 ; s s 
7 3Ü.6   r-LAU--   4J J. 

r,:.'   . . ■  '_ ^    ■' ~ ■ 

!AI   :! L-J'tiCE   ACilJ^;)   (nLA;^.    (U_i..i.): 
=    1407.0 

..->'Alii   .'.•:  i-:Ef'L ACUMEN I   =   13äl.i 
=   1233.A 

O'V-lA.'i:.    r-.v^LACS" 
j j :■(-).. L -: :>  ': "■ I 
iC <t j JL vJ    •' "■ i   ■ ' " 
ALL vA[\irp: JA !C'. 

: =1944.6 
. .'■   U';-: =       756. A 
■. J ' ■.   (.vEi int.-!:-: ü )   =   j'j: ■;. 7 

RLAO6:   -::•;!".    ;'Ki<    AInC;..'"!    LIKE   C^CLE: 
\ij'' r. .    L.'Ll'     f.:    A; i ,.i TIJ-J 
^■•;r'-:;.    •■AlIilJE   ..:■..i I.-^.J    ü'MA-'Ai^Ev 
NJv-;,:   ,<EPAl;'tiU    ;J   Alr.C.iA.-i 

I . 'JOOO 

1.Tfcbl 
7.-',3,>0 

NJ-V].-.i:   ».tPAI •..•. J    if?   AlnCnAh"!    IN   FIELD = ').C,3'J7 

^jjin^A i C.-;A'.":•:)  rj FI-:LO = 'j.ii^iä 
NJv.f.-n   DA-'A ;EJ   A\rj   r.Eil.tEJ    IJ   FIELD = 0.9:332 
r;;iAL   JJM^EI-S IJAVA^E'J A-JU   m KEPAIKEU = 5.i^a4 
T^fAL    'i'JrRE,-    ALL    r.t^LACh'-IKMl i : 7.107S 

MAIN   h.Si'.)H   -LAJE   C'i. I i> AIWCr.AFl    LIFE   CrCLE: 

crsr ?? i.'triAL  F're^rj-HMr;Mr: 
■JE., AI.-C  VFT .-jiFiiii.-, c.:_r    = 5  ^776.00 
i,P" -:L C"-i'. ..li'f C a.AI'lEr.i.  = $ 1941.30 
SPArE ,•..-. MM ■•'AlE.-vI ALi = B   31.70 
I'JEPAIJ; .j1,':,-r  FOUIP-'EJI =  s     160.00 

TOfflL   1.1 I I AL   r',,..'C J,.:. .E/Jf   Clltl    = 5   7716.b0 

C^£r   OF   r.i-PLACL^Evlf   :-L'V}Ej   F'.>   1-UiE   L3-I    A.JiJ   jMiEnVI CEABUE   CI.MCLJuI^o 
ILADE   bHI    "I ■.'I    VJ'l   C..'j|AINE/J   i-(IPi'IMO   CC-l'i,): 

RLADEi,   L'"-l'    i  :    Ml^IIirxl =   S   45)4.'SO 
i)A'A';r_)   ■•LA'JEi    JO i'    .-.f.PfiltsEO =   5 15231.60 
ri.,-!E-E<Pi.'i^ü  J-;JA-IAI:C:ü "JLAJE^ = s 6on.^o 

rafAL   h'";,LACE"-::jr    ClLl - SS5345.20 

co-r ;'F "M .1 E'j-.■:;•:  rcii?>it  CLAP, ^ AMO yiAfEhtAL   ro  INSPECT,   i<Ey,BVs;, 
REPAI.<, REPLACE.     "tLinj,    A\0 ffJAC'O! 

FIELD ;.K'I..   :   J   AI.-iC^AFr =   T 643.00 
FIELD ^E.'AIiC   HFF    AIACAFT =   $ 11.40 
FIEL3 £C,-:AP -   5 134.30 
FItLU -. .; [,-;"-.-Jf =   Z 57.60 

rjiAL ■"!   r-.-i'vi>;   ■ ■M - $    '?03.40 

iCfAL   LIFE-CfCLE   "LAJ-."   CCli   Pi AIKCiiAFT 534,665.^0 

••lAINi1 JC-:   MA J-H.':dk£/FLnHl    -iZJ.i 
fLADE-iiELAfEO   AI f-.CriAF f   U.;.-.-J I'1 ME 

0.0167 
63 :3.;JI 
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HK'Ll' M-,'   LtFE-Ci'CI,;.   RLAUE   CvM C 

FIEUU   .(r:P'M.;:ABLE/!C.<r'-:.*JJ/-i-iLc:   fl.VJ-.   JK-Ki.M   ^ 

i I    ■.   ■ .Cl. ä .1   r AILJ.-.- 
..  .'M.^r ii.! i ; 

l^'W.O   SLAU..    IJJ,;i 
0 1 .:?   I'Kc.C/. . 1 

M5 

BLA: 

ii   _   r::i;f;"w ■;.',i ^ i--i VJCK ACfioi cnt..'v/u;   (:J..^): 
.   ;.-LAC '.' S. ii- =1 5r>6.4 
;■;:•   -^u. F.M i;. ".< .(tii'LACtSENf =   ma.:-: 
i.r.'U.L =   2064, 1 

j t:c '■:■' JL-' >   '.'i u ■:■; -i jr=: =  i ■".i. j 
LC t'-;jjL-.j ^"-i ;i ..■•. fi:.-:  Cci I.•..'■:-li^r)  = ur)0''.o 
ALL   ,:AI  :ii£ v\ .'Cu   'iCIirMt =    100/.f) 

■: ■:./•:■,rt ?-:., AI..I."..A:-'I  LI/^ d'CLci! 
JJ'.'ii-.   LT'ii    i J   Aif.-.Iiirj -•      l •5000 
^J-'';-;:.   FAriilJ:-:   ,.:-.iI.";Sü    J ;fj'•. ■;'ulHJÜ =      .^.OOOT 
:J; .-■.r. K»:i'Ai.,:j .,.-.'  Ai/'.c.Ar'i =    i.vos^ 
jj-: 'ir.   SEr-Mrn-.O      .r '    ^t ,-C...'.p" 1    PJ   KltL1) - 0.1^14 

,slJ ;'ID.'.   JC,;'W'.'I;U   I I   .•'Il'LJ - 3.0'n5 
NJ; ;.•■(£;•! JA-; ■I.:';,J A.JJ   ;=;rii.s;ü  I. r'ldLJ = o. " ■ o 
r.ii'--L   .■^J^::::.:   j.A-AGF.^   A.'J   ,...1   .vtC.-AIi.ÜJ = 
r:r;"«L  M-J-J'.E:.-; ALL ..EPLACE'it.Jiw 

MAIN   ICTJI:   
nLADE .<   AL-CArT   LIFiC   CfCLr': 

C35r :F INITIAL P^.-CJI-^YEMT: 
NEW   AtRCKAFT   J JI .■" I I I INÜ   CC^-T = J 5776.0J 
SPACES   CCSr,   ..Ii(   Cr.r^TAf'JENS = S 1?4?.;0 
SPAt.t   «EPAIÄ    ■■.A.i L;..I .,L- = 5 l/.OO 
REPAIi.   i,Ji'?,:.-,i    £'. jI^'iL;..'? = 4, 160.0.) 

TOTAL   I.'IilAL  r..  CJ:£:cjr   cr;ii = 7903. ?.0 

coi,r IT-" r.:/LAC^.--;: ;i    .LAD^ FCi  i r_^ L^ü  A^U j-i^tK^iCcAhLE ci.^CL.-i^ 
"LA.'::   „ 'li :i  iG   Xi'-i   C: .T AI   I:-".:.   L  lI.-;-I  Jo   CCiii.) : 

BUAuEi.   L"i.T   u'J   Ail'. lit J.-i -   $   4t,74.50 
DA :A--:v   ' LA;/£i)    ;:i    .-:,-'AI nclJ        =   S   3621.40 
n:^-::-;ri,,r;j  J:J    A^KJ  ^L'nhi.  -   -  6126.oo 

TOTAL  .-.irLACE:-^: li   cri-T = ;i)341.90 

CCiT   ::■(•" ;•:,•*! ■Ji"f..ilA<-JC^   ACI I „.<Jo CLAE.-it   H.vJiJ  HA» E..I AL   10   I.Jif'ECi*   nt^vL, 
KEPAI..J ..Z?\.i\ZZi    AUC.'Jj    A.;U IHAUAJ: 

FIELU ,.£,:'At...    :;    Ml.C.'fAi-'r =   S 35S.50 
KI-.LJ :>L:AI.V   ...•.•'   AI.iC.vAiEl =   -: 6. JO 
FIcLu i,C..AP =3 110.5 J 
rILLJ .•.iCTI.Erii.'.'T =   S 60.-10 

TOTAL lAI ■. IC-JAJC:-   C'.-T = i      5öä.70 

TOTAL   Llrt-CVCLE   'L', )k   COST   r't..   AIACHAFI 7,512.40 

:•;/:;:■■ X::   •lA.-J-MOJK^/FLIGlT   H^U,'     =     0.0116 
BtADE-HELATSü   AI .-.Ci.A.-"!   d0..slTI;-iS      =        42  HO. 
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'U;LiCiv/iv: LIK:.-: .CLE r-i..AiJi-   r.-^it. 

'JEW     RLrtüE      .-'.MCt: 

FIC.L'O        :lr..f\l.'     '   III i ( 

3 76 5 
77V, o   ILA   ..   II.TU1 ;. 
49.5   /^..Ci-lrji' 

rü'A^   i IM;-: ' KT.,.. ■ 
r.EPLAüi: ■;!. ,i; 

■AI Ji' 

KEPAI... 

J:»SC<:•: 'JL ' :.u .■;■• ;;'. 
SCKCDJL^-.-' ■ i ..:■. '■ .'•:; 
ALL MAI ;i:: i; -.cz   ',;.;i t 

:i\-. ACi i . ;^  ('iLAUt; ■(■;....o): 

.I-CPLACKVE.-.)    -    |v;.:y.4 

=    1J72.'5 

-    J L» J L) • 0 
' -. -       7 7 / . 0 

( .  :. i l.\CX . I )    ■     C.i'.A.I 
=59 1.3 

LAO/.   ^V1;-!!-.   .,,.   ',Ir:r,:-.-r   LiK'-:   crcut: 
:JJ .:;;-.,. L .. .   i     AT;   iii.  . 
■;j 0':i:r.    r  " ■ ir..-.     ■::. , [ .. ■_. ■      '  :.jA.1AGM' 
jj-iPt.-:   ...   M: .-J   : ;   M ■      ■■■ r 
Nij-r.t;^ KL'■"!..:.'j   ;-•    .;. r.. ■.i-"i   r. fi.L.j 
NJ^rE.i    ^C ,/„'.^l    I  .    ■ 1.  L. 
JJ ■■;:;c: .   :■.■ w.-.u A ...  . _; i r; ■...■  i ; KI ►.L- 

T.Ti'AL   '.'J      :■..:   'J.Vt-v'lL.J   A.J     .Ji    , .£,'.il i,.-;j 
T-. AL :JJ   '.:.■   ALL .•■.■LAC: •■—JI.. 

1. 5 0 ' 
5>1 

6. :■ i ■ i i 
0. r,.i ■. ij 

6. /; ,; 
0. •?;--' ; .^ 
0 . oW 
3' 101 j 

MAI J :^T:'r 'L'»;/ c:^ri ■ ?■_.. AP.CI.VT Li:ri: cyci,E: 

CA- i    '--   !';r T!   L  '-.-"C i v' ■•;■•; i : 
v:..  Ai, : . ■ ■ i   ■JT.-'I i.'! :    c _ i 

i i ■ i c.: 11 M J ; 
- - 75?ü.00 
= 5 H'i75.00 

:.PA:"^   /.u.-M..    '.A.Si.rAU-                       - ? ^6.-iJ 
...SPAI;. :..;,   . i' r.^i. • i. jj             - s it.j.co 

Ui'AL  r:iii.L .■,   >:'u.:.-..■.:.   u  ^r = $10191.-HC 

C";"»"  z? I:£.-L'■"■■-: ".'i  r;LAj-:L  r";».  lij-L L~ir A'.J j:;^;..v [,jc-:-^L.:  ci 
rL.-.'. -;:.;-i.    :\i.j c: :r.Ai ;i-..'. .II.^'IJJ L.^;L>: 

' LAJi.j   L'^i"    1'.:   „n.^n.  : =   5   5910.00 
DAMAGED   BLADES  MOT   REPAI "i'J        =   $35!7.t?.'?0 
TIME-EXPIK".':!   J':i.1A>;AGE0    r-t.'.Ut.ü   =   *   6263.30 

TOTAL iJCrLACi-;''!';r c:ii = saT-sv.^o 

..^L.'Ü 

err rr   ;AI;-!T.-:-.'A :o£ ■•■ciio.i (LA"::.< AH'I) -lATE.aAL TJ  1 J-PECT,   .ü. 

r>KPAIr;ji   .■*.F:fJL'-l'£,    ALIC.JJ    .-..ü l..,',CK): 
.• I;-:L.J . -..""i.     . ,-.ir-i:i - ■■ 1            =  i 5'''0.2o 

■1-1 ■■         ■ [,.   ;.•■,■• Ai;,o   -.-:           = J^ .i.30 
(• i ^L;i   ".:.' <■>'.!                                                     -   i t-'^Z' • J J 

- 1...L J ..en .■-■:.•: .i'                          = s AS.-^O 
r . ; ,'.L   '■: .1   ' i '■' ' ~ ■'■'■    i'   :  t                            ~ i      ■J:'A. 4 0 

■ AL   LIFE-CTCL.E   TL/'—.v   L' S -H 5 , i /, 

.■;.Al:,f • iC-: ':A ;- ;:.  :. /FLIG i        , j < 
^L A J:.-..cLAi .-.J   .MnC..A,ri    u«, .   . 1 I -.E 

0.0177 

63 Ki,ur»s 
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HEHCJrli.i LIFE-CYCLi  BLADS  COSTb 

FIEUO  REPAIKABLE/E^PEMDAELE BLADt  DEilü.^   3 

NEW     PLADF.     PRICE =   $   37 65 
MEAN  Vlr'E  DEfwEEN  FftlLJ.iES     a     1Ü93.0 DLAJE HiJ--'.- 
fIScD     rcEPAIRABlUTf » 4?.5 PE<<Cii^i 

MEAM  Tl.'i Ps:T'..^EN .'.AINTiNA^CE  ACflONi  (BUADE HOURS)! 
.rirLWE'I^VTS =   1633.1 
ni-V'v.-Li.  FL;< A,-;';M,i  an  REPLACEMENT  =   I6^j.3 
RSi'Aliiö »  26Ü0.7 
DA;AGE <sPLAC£.iAv)rs » i;56o.o 
UNSCHEDULED  MADfE lAN'CE =   1295.0 
iCHEJJLEO   ■\r\l ■iZ.iMCZ   C^ETIAEME.^T)   =   5000.0 
ALL NAIMTS.'JANCS  ACHO.>Jj =   102^.6 

BLADE  EVLJIJ  P£.<   AI.'.C^A.T   LIFi  CfCttt 
tiMZ'iil L3iT  Tu   ATIVITION = 1.5000 
NUMBER  FAfloJt   QUIRED  JNÜA:;AÜE0 S 2.0000 
M'WGErt   hiii'AIhSQ   0\   AlHCKAFi" = 3.7>334 
;!J:1BE(!  UEl^AXiiED  Z¥?   AlKCr.AFl'   IM FIELD. = 0.027* 
NUMSE.<  SCKAPPiO   I:J   FltLü = 3.1989 
NJIIDES DA."!AGEi3   AMD   iiZl'lhSO   H*  FIELD = 0.0133 
TJTAL W'.SIR   ),\-M\Gi.O   AND  MX   ..EPAIREO = 3.9062 
IG TAL  MÜMOEI?   ALL  HEPLACEME 11 ^ = 5.9062 

MAIM  PvOTCr» BLADE  CZiS   PER   AIRC:VvFi   LIFE CVCLE: 

COST  CF  INITIAL  P.VJCJ.-IEME-.TJ 
NEI.  AI'iCUAFT   üJfFI TIUiG  CüJT = 2 7530.00 
jPARES C35T*   .-.IIX   CO^iTAINEflS = 3 2475.00 
SPAnE  hEPAI".   ;iATE,;iAL- = $ 15. JQ 
REPAIR JJPP^RT  EOUIPMENT = S 160.00 

TOTAL   IJ'.TIAL   PK,:CJ..E :::\T   COST = S10130.90 

COST CF rlEPLACEMEi«  SLADES  FOR  THOSE LOST AND  UNSErJVlCEAtiLE  (INCLUDING 
BLADE  SHIPPING   AND   CO.lTAl.NE.:   SUHrTMG  CBifS): 

BLADES  L'Si   T3   Afr.ariSN =   3   5910.00 
DAMAGED  BLADES N:r   .-.EPAIREO        =   314433.^.0 
TIME-S<PIiiED  UN0A1AGSD   PLADES   =   S  7330.00 

TOTAL ;';EPLACEKENf  C3S1 = $23275.40 

GOUT   3F  MAINfE.NANCE   AC1I0NS (LACJ«  AMD  MAIEhlAL   TO   INSPECf*   KEMOVE. 
REPAID   rUPLACE»   ALtON.   ToD Ti.ACK): 

FIELD  REPAIR  CN  AI.'.CäAFT 

FILLL»  I.EPAIK  OFF   AIi-.C-.AFl" =   S 
FIELD  SCHA.1 =   $ 
FIELD  ,-.ETl«EME-,jr »   $ 

TOTAL MAINTENANCE .COST 

iOTAL LIFE-CYCLE  ^LAOK   COST   PEK   AI.iC.vAFT 

MAINT'NCE   'lAN-HCURt/FLIGWI   H^'J'.i 
CLADE-fvELAfEO   AIKCK'VV  DOWNTIME 

324. 10 
1. 30 

140. 10 
60. 40 

s 526 00 

;<AFT ?33J *3 2 30 

0.012S 
43   HOURS 
SSESSSSS'3 
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a-AU'V b«»» «^i 

FinLD  KEPAl.vABLE/E/PE.JDA^LE  rlM.Z  DiiilGN  4 

.VE'.J   3LAJE   rr.icz 

FIEL3   ;.;■;,'AI.,f>ri Li rr" 

S   S 3 3 J 
7 6 7.0   'JLAOE   -JOUlii 

ä I. i  PEisCEN f 

vg rr;.-. ri;r.,£EM /.AUT^AMCE ACTIC-ü CSLAöS HJ-I;W>I 

A^; L.'C: :.::jri                                            » 1^6. i 
REM.V'-iLi   KC.   i.El'Al..  0:1   REPLACE.-l^iST   » 12^?.b 
R'TM >i                                                                        = M7C.0 
OAMAGi  i'.EPLME.   i.;ii                                       = 15^3.3 
u ;J'J i..ü JL-'.J .;M ;i L.'IAJCE                       « 767.a 
ÜC ILuJLiJ   .:AI irS-JJ XS   CKETInSME.U)   s iO^b.? 
ALL  :: AI ••USANCE   ACII.;^                               » 6.;3.0 

CLADE   EVE.JTS   PC.;   AI.%C..^/l   LIF"E   CrCL^: 
MJ"ru.:i  LCal   TO   '.I i'.-;! M-J 
Nu,:'i;. fAi'iGUE   .:ii.,ij  J :J/,,:AüEU 
MU.'t^Er;  ,^S?AI;<£0   J J   AI..Ci.A,"!' 

l.aOOO 
1.6404 
6.6351 

'K 'AI i.^y   -i* hlr,Ci\,.Fi   I.)   K1ELD   =     0.0-i63 
N'.J.l."-.:.   ^C^AP.^EO   in   ~IZLD = 6.2950 
NJ'^u.v   tJA-iAGEO   A;D   KETIRED   l.i   FIELD       = 0.0211 
T0TAL  i^J-'BER  DAMAGED   AND  NOT   REPAIRED  = 6.3161 
TOTAL NUr-!5ER   ALL   «EPUACEMCNTS = 7.9 566 

MAIN  RZtZ.i  BLfl0E  CCifS   PE.«  AIKC.-!AF1   LIFE C/CLEI 

COST  OF   I\IIIAL   P/.JCJ.J.E"E'Jil 
MEL'  AII.C. '\;-T  OJir I I i I.-JU  CC^f = . y67i.oa 
SPAi.f.l   C'.i,   »Hi   CTs'TAINEKi = S 2519.40 
3PA.':f;  it. A In  ;;ATiKlAL- = S 23.30 
RZ'fAli.   ij,-r:;.-.f   E*JlP'i£.>iT = j' 160.00 

1'efAL niUAL p.;.ccu.-,i:;£Mr CCCT   •• 210355.70 

CJCr  OF  ."lErLACEME.'JT   BLAJEi   FZ::   f-tC-E  L'ST   Axiu   U>l>E«^ICtA£LE   CI.JCLoJI.Ju 
SLAOii  itliVIJG   A .V)   C- .I'AI lii.   bll?^!,^   Ciiiw); 

BLAJEi   LOir   r~    ATii.IYI :'; =    I   6021.00 
ÜAMACEO   :LAO.:i.   NCI   .li^AIF.ED        -    '..4342.40 
TI.'lE-E'.f'I .£j   J.Juf  .A-:i.,iJ   BLADEi»   =   j   6534.70 

T3TAL   ..t-rLAC»  lE;Mf   C.,~i - 5374/)
:?.a0 

C^I.r   ?F  '!.»INTE.-4ANCE   ACri:;ü (LArrj;:    V.L)  WAT^KIAL   JV   IMSPECI»   ..EMCVt, 
REPAIK,   .-.£,-LAC£*   ALI:.'»   r'.0 li.ACX): 

FIELO  .iCi'AIh   Z.i   ALCAFr =    ~     576.60 
FIELD   f-.IPAI^  LF~   AliiC.^Ff =   r 2.30 
FIELD   wC.Ar s   I      ^^6.6: 
FIELD ::s.Ti:'.z-At'ij = ?     49.30 

TOTAL r''.AI\'T£>IAMCE  CJ-i = S     !:55.3u 

TGTAL  LIFE-CyCLE  ELAÖE   Z )±l   PEK   AlkCXAFT T41,6?9.10 

MAI.MT'.JCE   lAg'-IOUr.L/FLIG IT   HOJi. 
BLADE-RELAISD   AliiCriAFT   DOV.MriME 

0.0176 
63   HCJ/iS 
ssssssrs 
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HELICOPTER LIFE-CVCLF:  ßLADS   COSTt 

FIELO  REPAlr.Af'LS/KXPENOAnLü  rfLAJ^ JEi-lG.'J  A 

,-Jc:i       '.LADE     PrtlCt. s   $   3339 
".u ■;,•  ri»£ r.Si' ■ ■:! ."AILJ.^.^    «    J232.0 ruACE i«ui.ü 
Flr.'.D     ^EPAI.-VJIL.!» f = SJ.s  rciXtW 

••!••: A I    .-.        .,.ir..£.:\l   .lAIUZ-IAJCi   ACllO.J-   Ci-U.^i :!J J,ij) J 
.::>i.c,,,t';.-: hä = iv^v.a 
..!:.!.:VAL.   i'.,    ..Li'Ai;;   ;.;   .»OPLACEME.JI = I7I-).'J 
«EPAlhü = 24;3.4 
ÜAMAGE  i.t.'LACi '^VTi « 26?^.3 
J.M3C (ED^LciJ    !Al»Il't;-lA ;C-: » 1^33.0 
l.c^5:J■JLul>   ;Ai..iw,;,'.;ci c;;EnREME-jr> = iooo.o 
ALL  XAMu: ;A JL'-;   ACI'IU.JJ =   IO^O.^ 

F.LADr:   iVE.^li;  ,'£n   AIKCSA."!   LI>""c   CrCLE: 
'.JI^E.-:  LCll   TO   ATfRITI-TJ = 1.5000 
HMBir.  .^AIIOJ^  K£ri,.EJ   J.iOXVMtO - 2.0000 
N'ÜMeiA  KEPAI/EO   ■.', :   AIAC.AF"»' = 3.9:323 
MJ-^ii,  r.tiAl,.-;0   C??   AI/.Ji'.Afr   I.M   FIELD = 0.027Ö 
NJ.-inZ^  iCi./uV-i/   i:j   FI£L.) = J.7770 
>4U.4B£R  DAMAGE':   AN')   Kiil.^D   IN   FIüLO = 0.0127 
TOTAL .WMF-Ert  JA'IAQJü   .A. ;j   j^f   HEPAIilEO = 3.7397 
TcTAL tiXrjlti   ALL  r^LAC^E.Ui» » 3.7>ä97 

MAIN   i'.JT^K  RLADE  C^STS  PE.'i   ALJC^AFT   LIFE  ClTCLE: 

COST nr mriAL y2ZCür.E\-..:ii 
UZ.:   AI.'vCKAFl   ^j'TFITTr-JG  Ca^C     =   S   7673.00 
spft^Ei; ccir, „in cc-)TAi;;£i<s    = s 25i9..io 
CPA.iE  r.EHAI,,   "Arj.^IALS =   S        17.00 
f;SPAIS SU?P:.:T   EJüIP'IENT =   S     160.00 

TUIAL   INITIAL   ;>,. .CJ.-.:-. ;v^i   CG-T   r $10374.^0 

COST   OF  REPLACE-^ Jl   DL»U)ES   FCi<   T <0i£  LOiT   AMD   UNSERVICEABLE   (INCLUDING 
BLA^E  SHIPPING* A.'1D  CCMiAI OE,.  i. ilfPlUG  COSrSJl 

PLADEi, L3:T TJ r-rrixiTic.i 3 s eo'i.oo 
□ AXAGEO   RLAüE:   NJ3T   i<E;,AI;;E0        =   S1V66.40, 
TlME-E<Pi;5v;   ÜM0AMAGEO   BLADES   =   S   8023.00 

TOTAL  KEPLACEME.;!  C3SJ' » S233'i>.40 

C3ST   SF MAlMTE-iA-.'CE  ACTION CLA33R   AND  MATERIAL  T3   IMSPECT,   KE:-13vE* 
REPAli";,   «EPLACE»   ALIGJ.   A JD TRACK) I 

F1ELU  REPAI,;   ; I   AlRC^AFr =■   $     345.90 
FIELD  i £P,M -.  OFF   AI.JCKAFT =   t 1.40 
FIELD  SZi.V =   Z      136.00 
Fir-xo iiEii,.;;:;r:~;T = s      60.40 

TOTAL  ••IöTMT;" JA?!CE   C3-T = 5 .  5^3.70 

TCTAL  LIFE-CfCLE  ^LADS  C3ST  PE.i   AIRCRAFT ;39,233.^0 
£S?S3SS==S 

MAIMi'^ICE XA^J-MOJ.iS/FLIGn   HOUR     »      0.0124 
RLAüE-RELATED   AIKCRAFT   Ü'Jl.-iriME     =        43  HOURS 
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HELICOPfE»? LIKE-CrCLE   r-UAüE   COSTS 

FIELD  KEPAIRAHLE/EXPENOAtLi:   fiLADE DEMCN   b 

NF.v     OLADE    PIJICE 
NEA')   T1.1E  BRfMEE^)  FAlUUIiES 
FliiLD     REPAl.JABILirV 

■       777.0   fXADt HkJUK 
» A*. 5  PE..C£:<T 

ICE   ACrtON^   CSL^E HÜJiil;)« 
■   1234.3 

REPLACEME.W   ■ 

MEAJ  Ti;iE  BSVl.'CE^  MArUEV 
REPLACE\z: it 
RE;iavAL5 F;;:; REPAIR 
REPAIRS 
DAMAGE  ..Si'LACEMENri 
UNSCHEDULED  'nrUEMANCC 
SCMEDULt-Tü  VblVX&iMCt.   C.i'iriREME.JT) 
ALL  MAINTEHAMCE ACriCJ-. » 

BLADE   EVE^r^  PEi<  AIHCvAFT   LIKE  CYCLEf 
MU'lBEi!  L'JST   r-J   ArTRIllON 
NJXB£i<  FAtlGjE  REilREO   UNDAMACED 
NUM8EK  .»ciPALiED  O.^J   AI,.C.iAFT 
NUMOE.?  i.tPAlii^D  JFF   AI.iCKAKT   1^4   KIELD 
NUM3EH  £Ci%A?PEQ   IN   FIELD 
NUM3E.^ ÜAMAGÜO   AV)Ü  hEfl^ED   IN   FIELD 
TOTAL NJMnE.<  DAMAfJED   AND  ,MOT   HEPAI.iEt) 
TBTAL NJIHEr.  ALL  REPLACEMENTS 

1227.5 
lb72.5 
1535.9 
777.0 

62?5.3 
691.5 

1.5000 
l.5;io 
6.3141 
0.04 50 
6.4376 
0.0233 
6.5109 
3.1019 

MAIN  ROTOR  BLADE  COSTS   PEK   AliHCRAFT   LIFE  CYCLEl 

TDliT   GF   INITIAL  i5r:CCUREME.jri 
AE,''i   AIRCiiAFi   ü^rFITTIiJu   COiT 
SPAKtS CSüT.   -ITW  CC irAI^E;<b 
SPA»£   REPAIh  MATERIALS 
REPAIR SUPPORT   EOUIPME.'JT 

TOTAL   INIflAL  PuOCUKE.ME.^T   CvJ^T 

COST   OF  REPLACEMENT   «5LAJE^   FC^  TMOSE  LOST  MO LWbEHVICEAJLe.   CI   CLUDING 
BLADE   SmPfl.'ie   MO CS^.'TAI 1SK  oHIP^I-JC   CCSTS)» 

BLADEi  LOU'   iD   ATT.Vl f I;;.■! »   S   5634.00 
DAMAGED  fsLADEi   MOT   KEPAI.<c£)        ■   S24004.60 
TIME-EXPI. E)   JJDAMAGED   3LADES   »   S   5)75.90 

TOTAL   REPLACEMENT  CCST = $35614.50 

I 7 162.00 
£ 2364.60 
I 26.40 
5 160.00 

$ 9713.00 

C0i>f   OF   MAMiEMAJCE   AClI^S   (LABOrt   A^JÜ   MATERIAL   1Ü   INSPECT»   .<£MOWE* 
KEPAIK.   r.ErLACE,   ALIGN,   AJU   i;.ACK)t 

* S     540.20 
* 3 2.20 
»   S      233.60 
* S        48.40 

FIELD  .^EFAIis   JN   AIKCtAFJ' 
FIELO   KEPAIH   CFF   AlKCriAFi' 
FIELD   SCr.AP 
FIELD  üElIi.EME.Mr 

TCIAL  MA1MV£:JA>ICE  CC^l ,40 

lOTAL   LIFE-CYCLE   BLADE   CJ-f   PER   AIRC^AFf S46,151.?0 

MAI.JT'.JCE :AM-:VJJni/FLlCHi   HOUR     =     0.0177 
nLAOE-RELAfEL)  AliiC.MFT   OClflME     =        62  H0URS 
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HeLICOPlE.-I  LIFf-CiTl..-:   VLMZ  C'JST.''. 

FIELU  REPAIKABLE/E.<ffNlüAfiLfc:   BLAUE DiaiüN   b 

>JEW     PLAuc     ,,JRICt 
MEAN 11:-■.;•: BErv.e£'j FAILJHES 

FIELU     liFr.UKAMLIl I" 

3   5   3b3l 
s      I^V'J.O   BLAUE    !..üi,: 
= /(9.5   PEKCEiMI 

MEAN   il'Vi   n['.('.,EE'J   MAiaii'.'AVCS   l\CllUL,   (BLAUü  HIJÜ..J) J 
REPLVJiKE'J'ri =   1610.0 
RE ;:v^L£ FJ.: .:.ct"vi;? JA KEPLAC-.MENT  =  ic :'J.3 

REPAI.VÜ = 2620.9 
DAVAÜF.  .^Ef'LACE-'ij; äl'i> = 2j'jJ.y 
UNiXHiO'JLED   .-•."A Ji>.';,-.JCE = 1255.0 
SCHEOÜLEU   ''.AI.'Jl'ivJiVICE   C,i£ f I :>,":•:» D = iOOO.O 
ALL   M'M.-UE'iA'JCt;   ACIIJI- = 102.1.6 

BLAOE   EWiSTS   ?tii   AI   f . ,.• I   LIFE   CtCL€t 
MUKr..;.? L'Jir i;  urnmo; =    i.booo 
MUMEEV FAriuu.r ...mr.zü UJOVIAüEO =   2.0000 
MUll'-E.i   I'iPAI/.iJ   :">)   AIRChAFf = 3.7Sa4 
NJ •"•?-.■:   KtPAIK-ID   .-.KF   AliiC.iAft    I..   FIELD   = 0.037O 
NUMbi.,   £Ci,A.-Vt;:J   IN   FIELD = 3.'?926 
\J:iPE;;   DA/VEU   r.l:)   j.Erit'.Eü   IN   FIELD        = O.OMO 
TOTAL    IJTiL.:   UAMAGiJ   AND   N3X   ..U'AIKiiJ   = 3.7065 
TTiAL   '«JlJMBEii   ALL   .<EPLAC.;ME.jro = 5.9065 

VAIN   RJiw.<   fJLADE  COii'S.   PCI!   AIiiC..,',"f   LIrE   ClfCLEJ 

COST   nF   INITfaL   ?,^C J.:i; •tENT! 

tPA.;-:s c ii'j  -i i i :. jiAiN.-:.;- 
SPA..E  .■E.-AI.'i :-:A1E..IALI. 
KEPAI..   ^jf'H.l.-.i   EC JIPI-U; it 

7162.00 
^364.00 

»5. >a 
160.00 

S   9702.50 

C3ST   '.:.~   SEPLACEKENi    ••U/'uJtj   rJr.   I U.ot   LOif   A.»U   j,^E.;VI CüA^LE   ( INGLüJIJü 

BLADc   ^{I(VI\'G   A.iU   C    ^'.iilvt:..   -UiV'i.vü   CJ-ji"^)! 
BLAu^.i   LOLf   n   AU..IT!ON »   S   5634,00 
DAMAGED   RLAOES  NOT   ^E'.UREU        =   SI3m0.30 
TlME-E-<P!.'£0   U.-JüA'ir.Gc: '   SLADEfi   =   S   7512.00 

TüfAL   ^£f LAC£.'tE.Ji    J.^i" = 326956.30 

COST ::F 
i  EPAIr., 

FIKLu 
FIZLU 
"IlL • 
/I .L^ 

T01AL ■ 

IJiAL LI.-- 

•mi JI-•■;(;:■: 
:
;L."v.i-..:':L 

;,u .r-CA ;Ci:; .•■lCi'i"'i~ (LM'-.X UMU riATcvlut tc ivsi'COi, 
.:• 'L.\c;,;,  ALIL.;.  Ago f. ■■:■■:■>', 

..-'Ali   •■ j  -1.,;. • -i = - 3;.M. io 
. ..'•■!..   y.-r  Ai ., .AI-T =   :         1.30 
CAP =   S 1^0.10 
:i !...■ ■:■;.. -  s       60. AU 

I ;v •■ .A.;.:.: u:.^i =                      J    326.00 

ZHJVhj 

•CyCLi   ULAüt   CJ-T   PEi-!   AIi.CIAFT UV, 1C4.S0 

• I' J,': /FLIGHT   rlOÜi: 
AI.X.-.Vi    ^..-.KTIME 

1.012i 
43   rIOU/.i 
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HELICJ/nEK  LlFE-CfCLE  BLADE   COStt, 

NEU      BLAJIi     .n..tCE =   S   0654 
MtlA::   riM£   «JET .IM

;
:-I  "AIUUiiEb     =       767.2  BLADE  HJUKS 

FIELD     iiSPAIiiA-ILIir = 51.5  PE^CE.'JT 

Mc'A:   flME   PEr'.KE^)   -lAlN'TS.V.VJCE  ACriO\'£   (f-LAUE HC'JKS); 
r.Ei'LACEMt'-li'i = I?36.3 
REHCVALS   rO.v    JEHAIK   C.   .iEPLACEME.MI = 12^;.6 
«EPAI.Ü = 1490.1 
DAMAGE   .•.tPLACSr.lENTS = 1583.1 
UMSCMEDUI.E;   .lAMrE n'JCi; = 769.2 
i>C:ltUULh J   "Arii'J.'JAJCE   ('.Eri iJcJ-XJ D - 6096.4 
ALL  riAlNltNAJCii:  ACiTJMw = 683.0 

9LADE   EVENTS   FK?.  AlRCi-.AFT   LIFE   CrCLE: 
."■JUMSEH LJüf r: Arr.ari:) =    j.sooc 
JJUMBE.?  FAflaJE RETIRED   JIL)A:;,AGED =     1.6403 
NUMBER   <■.•■:.'Ali.JD  ZU   AI..C.,AFT =     6.6331 
MJMBEA .,.:. Ar.^a D?"F AI,XI:AFT I,<J FIEL^ =    0.0453 
NUM2E.:   LCHAPPED   I.-J   Fl£LD s 6.2945 
NJ/ir.^Ä   DA'IAÜiiD  AMU   REi'L-ED   1:4  FIELD        = 0.0222 
TJTAL  Nij/'l-:.";  UAMAGLD   A .0  .-JC T  KEPAIAED   = 6.3107 
TOTAL .N'Jijt.i  ALL REPLAGKMENFS = 7.9570 

MAIN   RorOR  BLAOE C:3TS   PER  AIRCRAFT  LIFE  CYCLE: 

C35T   OF   INITIAL  PnOCU^EME^T! 
NEW   AIRCRAFT   : .T^ITTI'.'C   C'ZT = S 7307.0? 
£PAR£iJ  CCST,   .III  CCJIAINE/US = i 2403.^0 
SPA^E  rlEPAI.^  /.".in:.".IALS * S 2J.30 
REPAIR  SUPP:;U   iOÜIP-iE.Mf = S 160.00 

TüTAL   INITIAL   P,. JCJKtl'.E.M T   COiT = S   9904.70 

CCST   OF  llEPLACc"^;!'  BLADES   F0.<   T.-CiE  LOiT   A.-JD   JNSEiWICEASLE   CINCLJDI.Mj 
DLAOE   SKIPPPJG   A'hJ   CONTAINS.:   iMIPPIMG   COSTS)! 

RLAÜES  LOiT   TJ  ATTRITn.N -   S   5743.30 
DAMAGED   BLADES   '.'Or   ,;,£PAi;,s:D        =   S236>^.70 
TIME-EXPIPED   OHOMWcO  CLAJLi   s   -   6230.70 

TOTAL   REPLACE lEir  COiT = £35723.90 

COST   OF  MAINTENAVCE  ACTIONS   (LALJ ;   A^D   .•;ATE/UAL   TO   INFECT,   r.E,:Ov£, 
P.EPAir<j   REPLACE,   HLIGM,   A.JJ   i;.ACrf): 

FIELD  «EPAI.^  ON  AISCi'.AFT =   S     576.60 
FIELD :;EPAI,:  JKF Ai,-.c,.A/r = s        2.20 
FIELD SC.-.AP = S  226.60 
FIELD /ETIKE'i: ;i' = {   4?.?0 

rcrAL MAI.-JI;: .'A'JCE CCST = 

TOTAL   LIFL-CrCLE  BLADE  COST   PER   AIKC^AFT 

•:     355.30 

34 .,433..JO 

MAI .'i ' JCE  MAI-^CJ.^./FLIG U   HOJK     =     0.0176 
BLADE-..ELATF.D   AI.-iC.AFT  J0..'J1IME     =        63   rlOURi) 
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HELICOPTE.«  LIFE-CyCLJ;  HLADE  COST- 

NEW     nLAO.J     p.; ICE 
fis/w iiw.i: nr.r. C'^N ^AILU, 
FIELD     RE.'Al.-.ASILIfC 

=      I2rj2.0 BLAiJE   HTUliS 
= 5 I . b  PEHCE.N f 

MEAN   rr;--  FvETUEEN  'i M ;rE.>)A^C£   ACflCMü   C^LAUt  HriiJRSJJ 
..■•I'LACC'.l-^M.s =   17,17.1 
,.:;■'.•; iLt   F1.;    >;.'Mr;  ii:<   i:E?LACEMEJr   =    l7M.rj 

Dv.i...■•;;.:  «K.'L.AC:. r: ll>. =  S621.5 
UiVrCHEOULED   ■'■,M;l E'JAVCE =   ia3i..O 
jc !.■: ijur..:  :IAI .t^-j.vJCE (.. :i L.^ME.-U)  S ■.JOOJ.O 
A1 L   ".Ali.'i [:\A ;^ .  ACTICMi. -   ICP.O,*. 

OLADE  EVE.TS   icii   Al.".C.";AFT  LIFc   Ci'CLE: 
:vlUT"..-.  L'Sl    i;   ATTKITn>l =      1.5000 
,MJrric,<   FATIÜJE  i-,cVIl<El>   J1JA:;AGE0 =      2.0000 
NU;;P^:; UEPM■'.*:) rv Aii,CHA.~i =>    3.9!ias 
N'J^RE.^   K;:r--vl..\.0   .:KF   AI^C.iAFl   I.\   FIELD   -      O.0;175 
MJX'''-::? zcr.r.FP'.a M FIKLJ =    3.7767 
,\'J/,-L..   DAMAGED  A'U  kEri;._J   I.I   FIELD        =      0.0123 
TOTAL    JU>l3Er<   ;! ^:i/',l.:EJ   A.-JU    vO i   ,:E,n,",I l.tiu   =      3.7'00 
TCTAL •gjv^F..; ILL f-.EPLACitie.-it^ =    5.7900 

«AIM   i^f1 BLAOE   C  .JTi;   ?ER  AIKC.'iFT   LIFE  CyCLI: 

COif   CF   I.JIT1AL   Pn.'CJ.-.EMEMr: 
*!!'.    AI :C.';A,rr   " J r .'n T t'JC   CLl'      =   £   7203.OC 
SPAv-.E;'; CI.'SVJ   ..I. ! U.'.JTAI;^....    = s  -403..'io 
S;»'i,?E   ..rCPAI.-:   ••iAiE.-;IAL5 =   S        17.00 
REPAi.'   ;jpp:.;f rj.jii :£jr - $    ito.oo 

TOi'AL   i ÜTIAL   P.'irC-..-:-:i;,Ml-   CJ-r   = S   9393.40 

CCST   OF  r;EPLACE'1E:JT  HLADES 'FOR   THOSE  LOST   AND   LNSERVICEADLE   (INCLUDING 
BLADE  SHIPPING   AND  COJTAIMEr;  EMIPPl.-JG  COLTS): 

BLADES  LCSf   T3   ATi/.ITIJ^ =   S   5743.^0 
DAMAOCJ r-L.AJr:s  ;.T r.^r'Ai^ED      = 313610.20 
TI;IE-E;:

J
I..^O  ^ .:.,-■■ V^J ELAUEü =  : 765^.00 

TOTAL ;. ".;,LACi; .Ji.jr c,..i = 3^7011.70 

C32T   3F   ■AI.jrTMA.^C.:   ACTION CLA.-.:,.   HVL)   MATEl.IAL   TJ   I.-JirJCT,   KE.-IOVE/ 
FE^Ai;-.,    ,.rLACI#   ALIC.,,   A.JJ Tn/CO: 

FIELt)   ..iPAIi'    CX'   !M..C.:.V1 =   I     345.JO 
FIELJ   (ErAir.   JF/   M iC.-tA/T =   S 1.30 
FIELO   iC'.iyp ;   S      136.00 
~I£LO      ■:! I.^.;E,Ji -   $       60.40 

£      543.63 TCTAL   r!ArU£.MA.>JC.i   CC^i' 

TOTAL  LIFL-CYCLE   RLADE  C:ST   "L<:   AIHOAFT ^07,44^.70 

MAINI'MCi  .'.'\-- T-J.-'-Z-'LIGU   O'JH     =     0.0124 
HLADE-z'ic.L ViEO   AI.-C.'.Vl   UJI.'.TIME      =        43  WCJ.^S 
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HELICaPTE'i  LIFE-CYCLt  DLAOE  CCifS 

FIELJ  .iEPAI.<A'}LE/E.<Pe.')iJA3LE  DLAOc;  ühblCN   7 

NEli     BLADE      iTv'ICr: 
v.EAM ri;iE r.:i".:r:i) ^^^u,ü,;KL■ 
FIELD     .AtPAI.lA'JlLIt"!' 

i   S4AQ 
742.:3   r>LADE    lU'J!^ 
61.9   PEi^Ct..!! 

MEA-J   rri'.   Pr.i'.-EE J    ;AI .1 ■. .,' )C£   ACII.J^   C^LADü   HOUiiS)l 
^E.L.'.Cu.r: Ji':. = lAOa,?: 
I%E:::VAL:   KJ.. ,,!■.; a..   ;(•-  aEPLACu.'lEwr = 136 1.6 
KcPAL.i = i^oa.l 
DAMAGE   .:EPLACEVE.;T£ S J9-14.1 
JMC.CKE.TJLEO   liAl.lfE J^.-'CE = 742.', 
£C CIDJL-.J 'IAI-MV ;A. ;cr:  ci.Erii.^:;uMI)   =  501J.3 
ALL   MAINTE;-IA:lCE   AClIC.lb =      64d.2 

HLADE   EVENTS   PE.;   .MIX.AFT   LIFE   CCCLEJ 
.\'U.;;"^.-, LC'ür  f3 Ai r.,i. i ::-J =     l.sooo 
NU;iriE^   FATIoJE   .■S.tl-^..''   'j.lJAMAüKU = l.-76')7 
Nu.'lSEH   i-.E?Ai;-:E0   ZM  AI.;C!iA?"T = 3.Ci29 
NJ^r:^..   .-^)'AI,,ED   -."i"   ■■■.l..C.u\rJ   I.<   rlELJ = Ü.23'j3 
'J'jvüc.-;   iiCKAt'.-'ED   I)  i-l.-LO s 5.1203 
NJ-'.BE,?   DA'iA^EU  AJ'J   .j.riRE^   I.J   rIELU = 0.0236 
TOTAL   -I.'ISZ.:   üAMACvJ   AJÜ   MCT   ■.trAIKED = 0.143.3 
TOTAL   :JJ,•;"?£..  ALL  i<Ei-LACEME,N I'S = 7.1035 

-   56^0. 
s  i;20. 00 

32. ao 
:    160. 00 

$ 7 7 92 20 

MAI'J   ROTOn   BLADE  COST:   .-'ET.   AlrtC.'AFT   LIFE   CYCLE: 

CCiT  CF   i:;i TIAL   < .-.C^J:.: ;£.-ns 
NEU AI..C..A"T c-jf im .■•; cz'.:    = 
SPA/.ES   CTLTJ    .IM   C; JlAIVEr.li = 
SPAKE   (:E,"JAr,<   :;Ai'Ei<IAL; = 
.^EPAir:   il'JP."':,■.!•  ECUIP'iöJT = 

TCTAL   I JIiI AL   .ii..:Cj..E:::,.i   COiT = 

COST  CF   nEPLACEXE.'JT   OLAUEÜ  FO,-'   THa^E  L-CT   AND   UN SERVICE ADLE   ClMCLUOI.vG 
BLADE   :MIP.'I-.'G   AJU   C" JTALJEH   S1IPPING   CJSTi)): 

3LAIJE^ L:-r  r: ATT..I!I n = s 4522.50 
DAMAGEO   Z-LMZij  SO f   .■.C," MP.ED        =   514977.40 
TIME-E :?I :..:J   U.JUAMAGEU   BLADES   =   *■■   5923. aO 

TCTAL   ' i-PL^CE.-^.Mr   C.^T - $25^,43.40 

CCLT   CF   .lAI.JfE-iA^JCE   ACTI'J'IS   (LABGu   A..Ü   XATE.-il AL   TO   INSPECT*   ..E.'.üvE, 
REPAIR.   ..cL./J^»    '.LICu     •. .J   TisACK) : 

FIELD ,;:P.AI :  :M AI.X/.AFT = :    653.30 
FIELU ..EPAI.-; L'FF AI.,C..A.R T = 3      11.40 

FIELU SC. X.' = S    134.30 

FIEL^   :>-i I.;E iE-a =   S        59.60 
T-JTAL   :.AI,.1 ,.: iA .. E  CJ.M = £      913.70 

TOTAL  LIFE-CYCLE   BLAÜE  COST   PEP   AIi<CPAFT $34» 1 -1 > • « u 

.•lAi JT'I-JCE .■.,,.j-:'-;j;iS/FLic:ii   laUK    =    0.0170 
DLA3^-,'.ELArEü   AI.'.Ci-.AFi   D;1, .JTIMÜ     =        64   H3U.-tt 
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HPLICOPThX UIFt-CyCUE  nLME CJSTS 

FULL)   KEPAIi.A'iLt/EXPtJiJA'iLE   OLADE   DtCIUN   7 

NEW     HLADE     PiilCt a  S   2,340 
IIEAN  riME r::r .:. ; FAILURES    =    1233.0 TLAUE '(üU^S 
FIZtU     r!E?AI,,AniLirV = 61.9   PE.rK.'JT 

MEAN TIM.: ^r. ■>::.• MAm'EfiAicii ACIIJM:> cr.LAPi 43Ui:i:)i 
«EPLAC-: IK.JTS = n66. 1 
iTEMCVALJ  r'JK  KEPAI;^ Zf ;'.SPLACEME.'JI' = 1912.3 
KEPAI.iü = aOOa.O 
DAMAGE   .W.'iACZ'.Z'iTl a 3240.1 
LWSC'lEOULr-'U   .■'! itr/if.lCZ = 123^.0 
ICiZ'jJLro  .;;M •IfEUA.^CH:   CvtTlnEriE^T) = 5000.0 
ALL y,Ai,-i(iCi{\y.C£ ,*cri-\\. =   992.3 

BLADE EVENTS Pt.U  AI^C.AST LITE CYCLE: 
NJMBEK Lcsr rc Arr.uiiiN =    I.5OQO 

iJUMBER   FAi'IGJ^   (JETI.jej   J.WAMAGEÜ = 2.0000 
NUMBER   i;E;'Air.Ei3   04  Alr.Ct.Pi'T = 4.3497 
NUMEE;<   i.i::"\l ...C'J    li'K   AIKC/IAFT   I,M   FIELD = 0.1415 
NUMBER  iC.rtPPXd   I.M  FlZlu = 3.0V.i2 
NJMBE.-;   D.'VAGtO   A.JJ   , tllKiü   IN  FI SLiJ = 0.0141 
TOTAL  MJ ISifi   DA.-IAC^J   A.liJ  NO I   KEPAl.iED = 3.0J63 
TEf.'L    lUr'.-JE.;   ALL   .NEPLACEME.-ITJ) = 5.0363 

MAIN   RSTCR   PL'JJE   CCSTS   PEi<   AI\C.;AFT   LIi-"E   CYCLE: 

C.T^r  CF   INITIAL   P::2CJ.1E-',i.!t 
NEi. Ai^c.v;  :jr.~irri:;o cccr    = 3 GöIO.OO 

SPACES  C::~,,   HH  Cü.ÜM.iZ.iS     - S U20.00 
1;PARE  .'iEi'.M..    IATEAI.'.LO                  = S 17.30 
KEPAIP. XJP;''-.;!    ECJII-ME'.T            '= S 160.00 

TOTAL   lilTlAL   P:^CÜ.<i-::^:,M   COST   - 3   7779.30 

CC^F   OF   .■«EPLACX'IEIT   ^LAD!^   FOt;  TMCSE   LOST  AMD   U.JSEKvICEAGLt   {INCLUDING 
•/LA)"   iMIPrl .".:   AV!)   CC J f "a .'cK   UilPPISG   COST-)« 

DLADE«   Lv^i"   i v   ATT.MiI.J =  S   4^22.^0 
DA;tACEJ DLAOJ.;! ..'cr .I.-IPM.^D      = s :;''.r;.io 
riME-!L,;PI,::;:.r;   U.'iDA'-iAO'-O   ELAOEJ   S  •?   6 130.00 

TOTAL  .■:E::LAC1. ;-::..li    CC^l = S19041.60 

c.-i OF  '.UM : .A^ci Aun. ,:  :L'ICVI; ^J .•JAI^I.IAL »U IW^PECV. .iL.;jvij 
.-.iPAlP«   HcPLAC;,   ALICJi   aJU  TRACKJI 

FIELD  REPAIK   0;J   AIRCRAFT              =   S 3JD.O0 
FIELD  i%=:pAI.-.:  oFfr   AI.-.Ci'.AFT            =   S 6.90 
FIELD   CC.IA?                                              =   3 1 10.60 
FI^LU   fiEl I. - . ; T                                  =3 60.-iC 

■;./. ML V,P.I.\::.\XVZZ ccur = 3    572.^0 

r^iV   LIFu-OrCL :   HLAOE   C.^T   PER  AIKCRAFf :.27,3?3.;j 0 

.-iAI.iV'NCE   ,■;,'..'- ilJ-'.-ZFLIu'd'  ^'.'ÜR     =     0.0117 
rcLADZ-^ELAl.-.O   AILChAFT   UC.MIME     =        43   ^ju.-si 
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ri. LO  i,L,',:l..A,il.;;/Lt.\;)E il).\ LAUt ■-;. It.J 

..JA;  ri.,L '..J   ., :; i ML-. 
öI..> pt.-.cü'jr 

-j i! ;L '•„:   ..; - ;-;Air;i : i.ViCK ACTiowi  CTLADE Hcur<i-)i 
SEPLACS/l.-.nS =   K1O6.3 
REMOVALS   .•.:;;  r.-^V.i  M  FcEPLACut^jr   -   1361.6 
ivEr'AI..:.. 
[>tVlAi. ,   « w'LAC'.-.'li v . '. 
U-JiJC'-ilUüLtu •■:(' i\i . ! vie-. 
iC^r^.i JLEi)   :-!AI v fK I'.;';   c. 
ALL   ^AINi'f^ANCi   ACl'I   .^ 

=   120^.1 

=    742.; 
:iii<L;!.: n )  =  äOJ>.6 

LAOi  EVii'ii'S   ;'".;  AI.:.C.\A!''i   LIFE   C^CL1.: 
,vu;n:;i< Li ;M' r: Aii^iii.;,; = i.sooo 
MUMBK.<   rAi IGJE niil'I.v1:'!   d-.'DAMAGtJ = l.VÄ« 
.^JMr.=:.    ^.i.-.'.IKSi:   :■-;    ilr.C.iHrj" = li.C/iJ? 
.■.J"1);;.-     .■.■;. Al.-Ir.J   '■:•.■'   A!, Ci.ArT   I\;   FIcLd = O.EC-'iÜ 
NiJM"i...-.   iC.-vV^EO   !:•)  .'"itLu = 5. I^OJ 
MJMftj»  i)A iAG.~ü Av'u ..^i'I.iiO   i:;  fllV = 0.02^0 
TOTAU üJ;O< D.V'iAG'.;^ A-'iu not .:■:>■■ (xir.r:.) - 5.Hü 

TOTAL   'US ■.tK   ALL   .; •ir'LAtKMEN TU = V.IOJo 

MAIv!  .".OTüK  CLAJi:  CCiTS  '-T. .   AIRCiiAFT  LlKi£  CfCLi: 

ccsr 3F INITIAL PK'JCJ.,-. ;.; ;i: 
NEv.   AIvC..A,ri    :JirIiiI.,G  CCST = J 5326.00 
£.UASE£  CJLi,   l.ITH  C.;.\IVAINF.,.S = .•■ I';63.30 
SP.VtE   ;..■:,va.:  MATriUAL^ = S 32.^O 
REPAin  tj<-,--:..:i  LOUI!" ;: Jl = S I6n.00 

TCTAL   INITIAL   p4«CUAi;-ii.lT   Ci/Sl = S   V?o2.0J 

CCiT  CF   f.EPLACUMENi   HLAJCi   FCR   TMOÜE  Lt'iT   AND   UMSE.AVICEASLE   (INCLUDING 
BLA3E   SHIPPING  A'JO CajTfMi'.'Sß  SHIPPING   C'Jl'L.): 

BLAOES  tit I   TB   ATTP.ITi;--; =   ~   463.^.00 
DAIACEIJ HLADE2 WCT .^PAI NED      = S1S359.30 

TI^-L;. I.:.;J J.-J^A. :.•.■■■•:) :L.-^^I - ; 6067.30 
TMTAL   KtPLACc/.ENf   COil = $26053.60 

COST   3F XA1NTENAMCK   AClIiMi (LA93K   ,-.'0   ^ATEiilAL   TO   INSPECT,   RSMOVEJ 

REPAIR, r.E}'LACE#   ALIClij   iXü TüACK): 
FIELO :;EPAI,,   OU  Mi.Ci.\~i =   S 65'J.30 
FIELD i.EPAI.i   r:Fr   ».ILCAPT =   S 11.40 
FIELD i.Ci<AP .=   $ 13^1.30 
FIELD KEi IJ./;E,N!T =   £ 59.60 

TOTAL   MAI.NIIE.JA JCE  C'JbT = $     913.30 

TOTAL  LIFE-CYCLE   BLADE  COiT   PER   AIi:C,:;AFT $3^1*954.40 
sss=rsECs= 

MAINT'.MCE  MAN-'IDURS/FLl!. IT   »lOUR      =     0.0170 
BLADE-RELMEU   AIRCRAFT  U.JINTIME     =        64  HlÜ'.iS 

Reproduced from       Wk 
besf available copy. %£§ 
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1 
I-'IELD   (;t;,J.,.I.;A.?LtVE.'?Pt:>JUAFU£   BLAUt  Ut-IüN  8 

NEW     RL/MJ£     P.MCE 
MEAN   Tl.:.-,   BET. ZiC.I   FAItU.iES 
FIELU     ^iCPAIKASILI W 

I  3913 
1233.0   L'LAUu   HCUi.i 

61.«   PE.^Ct.'IT 

MEA-'J   riXE   Stf-.tiKN   MAI VTEMANCE  ACTIJIS   CSLAI't   -lOü.JS) : 
Ct.LACiMEMTi = |9f£.a 
KSCwALS   Fd.   i.EPAI«   Ci-:  REPL.ACEMEMT = rM2.3 
i.iiPrtliii s JJJ3.4 
OA'JAGS  ,-:E?l..AC,~.",2: ITS » 32^0.4 
UNSCMEÖULEO  ::AI-liEN/VJCE » !23'J.O 
SCKEU'JLEO  ;iAl.-n'i-;AiCE   CI.ETIHE.'tENT) « 5000.0 
ALL   MAI.^l'7.;J,\JC^   ACTIONii a 9?2.3 

BLAOE   ::VE>JT3   P'En   AI^C^AFT   LIF"^.  CVCLE: 
MJ:1ÜEJJ  LOST   1';   ATTüITION = 1.5000 
NLiMBE.V   rAriGji    i.ClIHEÜ   UNJAMAüEÜ = 2.0000 
NUMBER   KEPAIxcJ   O.'J   AI;iCK/Vr = 4.349 7 
NJ ;'■:;<   iJKPMitED   UFF   Al^CvVf   IN   PIELD = 0.1417 
NJMBEii   oCiAPHED   IN   FIEUU .= 3. Ü723 
NUIIEE^  OAJ-IAGEJ   A.J:)   ÄETISEi)   IN  FIELO = 0.0133 
rCTAL  .JJ:;DE.'.   £iA:-IAG£a   AND   \l./l   .^EPAI^EU = 3.0'36l 
TCTAL  .^Jü i:<£r.   ALL  riEPLACEMK.MTj = 5.036J 

MA!>J   norc?   BLADE  CCSfS   PER   ALiCjiAFT   LIFE   CYCLE: 

CC^T   uF   IJIflAL   PRJCLine'-lENT« 
fiE'..'   AIMCIAFT   ?üf"I ITI^IG   CCS" 
SPiU.ES  COST,   ;.ITI   C^TAI.VE.iS 
SPA,":E   .{EPAI.-i   '■'A IE,': I ALS 
P.EPAir.   SUPPORT   EC-JIPMEN'T 

- S 532o.OO 
= S 1963.30 
= S 19.30 
= 3 160.00 

TOTAL   I ilVIAL  pr..;CU;;EME.MT  COiil  = S   7969.10 

COST  OF   P.EPLACEME U   r?LADE£   FO«!  TH^2E  LOST   AMD   UMSERVICEASLE   CINCtÜÜIfJG 
BLADE  ^{IPPir.'G   AMD   OlTAIrJER  SHIPPING  CCST^): 

DLAOSi;   LOLT   TC   ATlulTICN =   I   4632.00 
DAMAGED   KLADEr   :J:T  KEPAIHED       =  5  3693*90 
TlriE-EXPIÄED   J,«üA,-iAC£D   GLADES  =  S   6176.00 

TOTAL  REPLACEMENT   CasT - S19501.90 

COST   OF MAINTENANCE   ACTIENS CLAE,:.:  AND   MATERIAL   TJ   INSPECT,   REMOVE, 
REPA1K, kEPLACE,   ALICJ,   MO TKACK): 

FIELD (vEPAIrt   CW   AI..C.-.AFT                =   $ 39b. 00 
FIELD .-.EPAIH  CFF   AI.iCr.AFT            =  5 6.90 
FIELO tCf'.AP                                                 =   S 1 10.60 
FIELD P.ETIKEMENT                                   =  S 60.40 

TOTAL  MAINTENANCE   CC'ST                      = S     572.90 

TOTAL   LIFi-CVCLE  DL/U)E  COS»   PEP.  AIRCRAFT S2iJ,043.90 

MAINT'N'CF   MA-J- {CJ.^/KLIfHr   HOD?: 
BLADE-r.ELATED   AI^C.iAFi   DG...MT1ME 

0.0117 
43 HCURS 
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HELICOPfEK  LIFE-CYCLE   nLADE  COSTS 

FIELD   «EI-'AI.iASLE/EXPE^OAgLE BLADE DESIGN  9 

NEW     HLAOE     P.-^ICE 
MEAN  TIME  Ttr/.EE^   FAILUIHES 

FIELD     KEfViI.-.AgiLIif 

«   S  2334 
■       756.«  8LAÜE  HOUitS 
» 61.2  PEriCE.Mi 

MEA.>J  TtXE  t(Er».EEM   MAINfCNANCF   ACTIONS   (BLADE  HOUrtS)! 
Rtr'LACtMS^rS ■ |40ft.9 
REMOVALS   "'Oil.   KEi'AIÄ  3K  KEPLACEMENf « 1361.3 
li&PMiiH a 123:3.b 
DAMAGE   .iEPLAC-^E^TS ■ IM4.S 
JNECMSOULEO   ■•lAIl-jrE>JA>JCE « 756.6 
SCHüQJLEO   ".IMNTE.IA'JCÄ   Ci<iiriHE;'l£Nr) « 5033.? 
ALU  MAINfEiANCE   ACm^S ■ 6b8.7 

BLADE  iCv'EJfS   P£ii   AIKCRAFT  LIFE CYCLE« 
MUMt3ER   L3ST   TO   ATTtilTION « l.SOOO 
NÜMBEK   FATIGUE   KETIiiEO   JMOAMAGED = 1.9650 
NJMBEK   i<£PAIr;ED   CM   AlHCi.AFT » 7.8390 
MUMBER   .iEPAI.^L)   ZFf   AIHC.<AFT   M  FIELD * 0.2354 
N-IMHEK   SClJAPHED   IN   FIELD » 5.1191 
MUMnE.<   DAMAGED   AJU   aETIRED   IN   FIELD = 0.023« 
TOTAL   MJll^Er;   DAIAGtU   AMD   .MOT  KtPAInED » 5. Ma6 
TOTAL   MuHKEi.   ALL  KEPLACEMENTi » 7.1077 

MAI^J  i.ZIZ«   PLADE   CTSll   PSh   AIKCKAFT   LIFE  CYCLEl 

COST   OF   INITIAL   PK^C'i'te^E^Tl 
NEV.   AIRCKAFT   -JT'trri'lfi   CCST =  S   5«76.00 
SPA;?:£i.  COST*   I.ITH   CCNTAIMEKS =  S   1713.30 
iPA.-.E   titPAlR   KATe.IIALS *   S        31.70 
REPAIn   iJPPOKT   EGUIPMENT =   S      160.00 

TCIAL   INITIAL  Pi'<3CJ.;£MENT   COST = S   7736.50 

COST  CF  REPLACEMENT   ■.LhJciS  Fd;   TMOSE  LOST   AND  J^SE.xVICEABLE   «INCLUDING 
BLAUE   S-ilr'f'ING   ANi'J   C'^.'TAINEK   SKIPPING   C3STS)Z 

RLADES   LOST    TO   Al fr.I TICN a   $   4317.50 
DAMAGED   DLAOES   NOT   KEPAIRCD       =  SI4993.70 
TIME-EXPI.-tSD   üMDA:;AGcD   =LADES   s   ?   5920.70 

TOTAL  RiPLACEMENT   COST = $25423.90 

CAST   3F  'IAINITEMANCE   ACTIONS (LAP3?.  AND  MATERIAL   TO   INSPECT*   HEMflVE» 
liEPAI.',,   .^PLACE*   ALl'3-'!»   AND TnACiOl 

FIELD   KiPAIi^   0:1   AI ,iC.-.AFl                =  $ 648.00 
FIELu   .(IMPAIR   OFF   AI^C.'.AFT             »  S 11.40 
FIEILD   SCKAP                                                 =   S 134.30 
FIELD   rtEfliiCMSNT                                    "   $ 59.70 

TCTAL   XAIJii )Av:C£   COST                       = S     903.40 

TOTAL   LIFE-Ci-CLE   ELADE   COST   PE.<   AI.-iCftAFT £34,113.80 
SSSSS3SSSS 

yiAPJT'NCF.  ••IA^-WOIJ;<S/FL1G4T   HOJR     -     0.016? 
BLADE-iriLATiiO   AI.-.C.AA^ f   DCI.NTIME     =       63  HOURS 
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KELICCPTE« LIKE-CrCüE  OLAOfi  COSTi 

FIELU  KEPAIKADLE/EXPENOAPLE DESIGN  9 

.MEw     RLAOE    P.UCt ■   S  2333 
MEAN   n.iS  BETv.cSN  PAlUbSES     ■      1261.0   BLADE HOL'^S 
FIELD     «EPAIfN^.'MUirr = 61.a   Hr..,CENT 

MEAN  Trie  BEl.EKJ  MAINTENANCE   ACTIONi   (ELADE HOJriS)t 
REPLACEMSNCi a 1966.3 
i^EMTVALi   F'3.<   .iCPAIK   CR  REPLACEMENT = 1713.2 
i<EPAIr!i> = 2064. I 
DAMA3E AUPLACEMENTS * 3240.9 
UNSCHEDULED   IIAIMTE ■lA^ICh: » 1261.0 
SCHEDüLEO  MAl^fEMAMCE   CXETIREME.^T) = JOOO.O 
ALL   KAINTEMAJCt  ACTUNü » 1007.0 

PLADE  EVoMTS  PER  AI.Xä.WT   LIfE   CYCLE» 
NUMBEii LJi.r ro Arri;iric.\ «   1.5000 
NUMBER  fATIGUt;  NEn^EU   uVOA.lAGEU « 2.0000 
ilUMSEtf  iCSPAIf.ED  ON   AIRCRAFT - 4.7034 
MJMDEi^  KÜPAIivED  Crf   AI.C.AFT   IN   FIELD » 0-1412 
NUMBER SCRAPPSD   IN  F.'ELD ■ 3.0714 
NUMBER  OAlAGtD   AND  REriKEO   IN  FIELD = 0.0141 
TOTAL NUMBEH  üAMAGED  AID   NOT  HEPAIHEO » 2.0Sa6 
TOfAL NUMBER  ALL  UEPLACEMENTE a 5.0356 

> 
■/ MAIN   r{3TCR  ELAt/E   C3STS   PER   AIRCRAFT  LIFE.  trCi,EJ 

•      .** 
COST  or   INTIAL   PROCURSIIENfl 

NEU   AIRCRAFT   uuiTimNG  CJ^T 
i>.-'tRES cosr» ..'irn CONTAJAI"* 
LAKE,  i^EPAia   MATERIAJL»!        *' 
REP'^W  SJ.VO.-JT   EO'JTPMEl-r '  A^ 

m^L^mto^.-atnc'j^fcMSNT cjsr ^ 

J 5676 00 
** I9H. 30. 
K* '»*>• 00* ••^•f. 
ft 160. 00    . 

r 7773.?0 

•-> 

COST  GF^EP'.'CFMEMT   BLAOEi-   FOR   TH06E  L:iT  AMD   UNSERVICEABLE   CINCLJiING 
BLAOE   .-■«I.-'i:.''    A-iD  CONFAI ;Ei-(   SKIPPING   Caili)! 

BLADES  LOSi-   IC   ATTRITION =  $   4519.50 
DAMAGED  BLADES   iZt   REPAIRED        =   S   3».3 1.20 
TlME-EXPI/.iJ   UN'JS^AGED   BLADES   s  $   6026.00 

TOTAL   .'.tPLACEMENT  COST « $19026.70 

CO^T   GF   MAlNfENANCS  ACTIC.<Ji, fLABCR   /,ND   MATERIAL  TO   INSPECT,   REMOVE* 
REPAIR*   REPLACE,   ALIG>I,   AND i'RAC'Ol 

FIELD   REPAIR   3N   AliiCRAFT                =  S 3Ti.30 
FIELD   nEPAIK   3FF   AIRCP.AFT             =  S 6. JO 
FIELD   SCRAP                                                ■  S 110.60 
FIELD   RETIREMENT                                  =  S 60.40 

TC1AL   '■:M:-iiZii\:iCZ  COST                        = I      566.70 

FÖTAL  LIFE-C'.'CLE   "LADE   COST   PER   AIKCKAff i27,3i7.20 

MAINT'NCE  MA'J--(0'J;^/FLIG11'   HOUR     =     0.0116 
BLADi-i'.Fl 'TED   AiRCiiAFT   DOWNTIME     =        42   '■J'.JJKS 

285 

^l^aimim ..^..^^-^-.iw^^i^,. ^„. ^,. ■.   ■J;.„.,. ,.  ..iaA.„,.rti- .ijn.  ,, ,     „_.u *L. ^_  -,.  .,...,■.- ^ .^ ., .   ,  „.       11| | H M HMMÜlillillliiMMi J 



mgm^^^m ■"   ...i    ..i  '^-- ■—■   »^  —        i i mm^^^ 

FIELD   irtr'AIH'XOLE/EXrE ^JABLE   BLAuK   OE-IW   10 

NE;.    'T'.DK    >-.-.ict « $ i?9i i 
MEAN   riXt   Htf-EEN   FAlLJ'vSS      «        706.6   f.LAuE   'liwRi 
FltLU     ..rZHUI-.AHILny = 61 .i?   PEnCt i» 

MEAN   ft '•.   'ir^EEN    lAl^lE.NA.NCE   ACllJNi.   (SLAUb   HLünS) J 
.ir.UACEXENU s 1-'I07.0 

i.K'CvUi   FC«   Ati'Alrt   3/<   r.EPLAC£MENr « 1361.3 
I.EI'AL.i ■ 1^3,3.1 
ÜAMAGS  REPLACE-iE U"S » 1?44.7 
J ^C<r:0 JI..:^     iAMJt^fi.'JCS s 756.6 
SC'lEuJL    '   MAI ,11-. J VJCt    (..EIl..I<E>4r> » äOS-3.7 
ALL  ■'iAMIE.JA^CE   ACUCNi « 65'}.7 

BLADE   EvEMfS   PE«   AIKCAFT   Llr^:   CfCLil 
^LI-F-E.! LJi-r :c Ajii.ifi.^ =    i.booo 
-JJ':rc..<   FAriüJc;   i.Eft.vEO   JMJA^AtiiO = I.>J32 

.MJi^E.?   ..E^/a.-.ii)   .'J   AtKCrtAFr = 7.'?390 
NJMREn   i:-:PAl..-;U   OFF   AI.<Ci<Ar"r   IN   FIELD = O.^SS1? 
Nj-r-trt   iCriAi'fcJ   I-J   FIELJ s 5.1193 
NUMBER   DAMACEÜ   '. . J   riETlriEU   |N   FIELÜ = ü.0^30 
fOIAL   .>J0 'REX   UA.T/Vjtü   AMü    J'J f   f.EPAIr.ED = \>.\A?M 
lOTAL   NJMBE«   ALL   ..'EKLACE.-ltiVl i * 7.1074 

MAIN   RarCP:   9LADE   CJSfi   PE.?   Ali<C'<f.Fr   LIFE CfCLE: 

COiT   CF   IJiriAL  PilJCJ.-.EMENri 
HT... AiKC.:.Arr cjiFi;riJG cj^r   = s 5322.00 
SPA.vti   C35>r,    .IM   CüVi AIMtrtS = £ J962.60 
SPA.-.t  r.EPAI«   >1Ar£.<IALi = S 31.70 
KEPAIK  iJPPHr.r   EOUIP-lE^r = $ J60.00 

TOTAL   iN'IflAL   PhOC'J/.E'lENf   CSif » $   7976.30 

COST   CF  «EPLACEXEMf   HLAUEi   fOH   fHObE   LOiV   AND   JMSEKVICEAbLE   (INCLUÜIMG 
BLADE   SUPPING   AiJ   C    JiAI.NE.'t   WHIPPING   COSIi): 

BLAJEi   LOM   TC   ATL-IflCN =   I   462).00 
ÜA:iACEJ   RL^Eb  Hi\     .^PAIi-.ED        =   S153-5S.60 
Tl'1E-£<Pli:E0   UMOA'l'.'l.IJ   BLADEi.   =   S   6064.50 

rOTAL  HEPLACEME.MJ   CJif = $26039.10 

CObf   CF 1AI :rE\A-ICE   ACriC-JS <LA<5.,..   AIJ)   MAiEnlAu   TO   I,Mi)JtCr»   r.EMflVt» 
KEPAIK. i.EPLACE.   KLli.it    AJO fnACK)! 

FIELO ,(EP'Mi<   C^J   M..C^(\F\                =   £ oiS.OO 
FIELD ,<J. 'AtK   JFF    XI. Ct-.AF i'              s   S 11.40 
FIELD 10 <AP                                                 =   -T 134.30 
FIELD .;il I'E.'.ENf                                     =   $ 59.60 

r.lfAL "MNiE.'JA.JCE   CJwl                         = S      )03.40 

ror^u. LIFL-CUXLE PLAUL-; c;:i;r PEH Air.crAFC S3''4, J13.30 

■-iAI.-Jl ' iC::   ^AvI-HCüfiw/r LI'o If   HO.II? 
BLAOE-nrL-'itD   AI.\WAFi   UOWNIIME 

0.0169 
63  H0uKi.- 
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...ic   i   .1.1" :•:.w.:    i.    ': CJ: u- 

ri-tLi :ic;pAi..Ar,.Lt:/.c-<PE.^    LL uu.m *K:,u-i 10 

Nl".'.      FiUftDE     . ..ICE 
MErt^   TIMF:   RF.T'.KF'J  FAII..II{F.S 

FICLD     LK,'.-!.:/-.   IL!I C 

I 29 n 
I^AI .o ; LAUE irj .^ 

6J i.,,Ci-Ni 

'•ir.A-l   II    •    '•.i,-VJ  XM ^TL^a.xcr:   AC i 1'   J.    ('1LAI>£   •l.-.';)t 

,<£■■!  .'  Li  .' .'. I.../1-. i..-. ...Ci L;Tf; ::.: :i   -  17^.2 
«Kr it = aot-'i.o 

1>A'-^ •■:. LACi'l." .i. =   33U.I 
'j'-!..c (.; j Jttij   'Al ■ i-.:'i •'*".:■: =  i^^l.c 
iO-u-jjLKJ ■■■.MHi:<\HCr   t..,-,rii>:--i.; .1)  a 5000.n 
ALL •lAtNlt'JA.VCiC   AC.'IM.Jb s   1007.0 

1*LAÜE  EVr.^lS   I'K.'  AIKCi..-»   LIFt  CyCLLt 
xw.Cti L).;i  iu •■•'iii.in:* =    I.^O'JO 

N'J-'.f.-.K-FAi IGJE   .v':tl.-: :')   J^)A.-1A'J..ü = 8.0000 
NJM»t£i-;   i.'.M.rU   J.-i   kl,.Ciifi&l = «.7034 
rJU'ir-E.:   nr...\l.,cij   J-r    Al.-CuArT   1 ;J   FIELO = 0. Mia 
Nj;r'i'.   I C.iAHHEO   \i   I'IKLU = 0.0716 
NÜM':i"i:   DAMAGtU   U.O  .wAl.ZS   1,1   KIELD = 0.0133 
TOTAL   fJJ.i.VK DAviA:-:)   A.J   \'.;T   r.r.CAlr:EO = 5.0^4 
fJiAL   Nu iOi.-; ALL   ..ii'LACEHEWTi. = b.0ci54 

MAI^   ROTOF'S   TJU-DL  CCSTil   ?£K  AlKCiiA*-1   LIKE  CrCLt: 

COST  £F  IMIT1AL  P:.'.Cü.<c..r.   1 J 
MEW   AI.:C;<Arr  GUTFn'TI.'JG   CCST = S bS2^.00 
SPAAEü   CCiT.   »JITH   C.rJfAl.JEKS = T 1962.60 
SPAi-.L KEPA1R MATEr-lALO = $ 19.00 
f-EPAI,;  SUPPOST  EQJI.'MENT = S 160.00 

TOTAL   INITIAL PKCCJ.vEMEMT  CCST = S  7963.60 

COST   OF  KEt'LACEMEMT   RLAUES  F0<<   THOSE LOST   AND  J>j:".ERVICEA5LE   (INCLJÜTJC- 
5LADS SHIPPING ANJ  C".viTAINS«  S-IIPPI^'G C^STS)« 

BLADES   LCST  TO   AT T-.I HTM -   S   4629.00 
DAMAGED   RLAOES NOT   «EPAlkED        =   S  36^6.00 
TlME-EX»ni".ED uWDAMAGEO   DLADES   -   r.   S172.00 

TOTAL  K^PLACF^ENT   CST = 2194^7.00 

C0ST   OF  MAINTEMANCE   ACT'CNS   <LA3fli<   AND  MATEKIAL   »3   INSPECT«   .-.Ey.üVi« 
P.EPA1R/   KEPLACE.   ALIG'J.   ,\iO   TüACK): 

FIELD  REPAIR ON   AIMCKAFT =   S 
FIELD  ÜL'PAIR OFF   AIACKAFT =   S 
FIELD  SCKAP =   t 
FIELD aKTl.EMENT «   $ 

TOTAL MAINTENANCE  COST 

TaiAL LIFE-CYCLE  t'LADE  COST  PER  AIKChAFT 

MAINT'NCC  MAN-HCJiiS/FLIGHT   «OUh 
BLADE-REl ATEO AIRCRAFT  DOWNTIME 

3H<i.80 
6.90 

110.60 
60.40 

S S66 .70 

RAFT          $23* 017 30 

0.0116 
42   HOUKS 
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^1 

HELlC^Pltli   LIF--CYCt'i  5L(\DE  COSTS 

FIELD   RrPAIKAm.'i/t.U'lL.MüAnLE   ffLADE DEilG.-J   II 

NEW     BLACE     P.UCt 
MEV)   riME   StT..XEN   falLU;«' 
FIELD      l.-.;f',M;!ADILI TV 

a   $   33rj 
=      IO'ii.4   DLADii   l.'u'Ki 
= ^j.7   PEnCEilf 

ME<VJ Hue iic;r.iri:-:>i   'M U^-IA.JCE ACII J.^ CBLADX rwU.<2>: 
r.Zi'L '.: iMuii =  i'O/.a 
,..;   .»'v_- / .. ..•:..M:: Z.< nfiPUACi-iE.Nr  =   IS'.l.l 

ü.vnGE iv".-'L.','V:  ;ir£ =  DAJ.I 

UN-C^itlOJLEO   ;,.M at.J.'v.'CE «   IOJ3.'i 
UC.HF;-JLW :;AI I;5.-AICE (i.cii ..-: :i4r^  = ä0i6.6 
.■iLL   ;-iAINl'i'lH.»Ct   ''iCl'IiiJi =     074.1 

BL»wc  ;:.■.-■ :i:   r:.%   A!..0.v.Vl   LI!r^   CfCtiii 
,JU.I:::,; L^r  r. ,\ff.-;iiiON «    i.sooo 
NJ"r.e;.<  FAriüUi;  ..ill. i'J  U)DA.'iACEü =     LJöb1? 
:JJ-;.C:   '..Ci'-Mi.rJU   ;:   'M.iCr.fo'i =    4.0674 
N;J:;-;:.. .^HAI..:-; ; '/•.•■  ■Mi.c. ■./i   ii FIELO =    0.2412 
:-iJ:^r..i SCAHj'i)   I.   FliLJ =     tj.Il?4 
:jj:-';ii üAiAGS'j r.ij .-.ciii.tu IA FiZi.o     -   o.oaoa 
TCIAL    JJ TiE.-.   uA.OCZJ   IVJJ    JOT   ..ür-AIKEd   =     3.1396 
TOTAL    IUMJEI?   ALL   ..rli'LACE •:•: J T^ =     7.1056 

>1AI^   i'.TJrt   BLAJE   C"3r-   .-'E..   AIRCRAFT   LIFE   CrCLc:t 

ca^r c.T T iiTi'i. r, rcj.-.-xf.NTi 
<)=:.   AirCMAFr r jr17! ri'i'iG cr'.r    - * 6630.oo 
£PA.;ii, c:i». wir^ -;, jrAiMEz-.i.    = 3 2203.00 
£PAr;E   ÜSPAIH   rATt.IAL^ =   S        13.30 
REPAlk  tJ??l?:i   ETJI.'.'JS^T =   S      160.00 

TOT^L iMiriAL Pi;.:cj.sEMiNT c:sr = z ^ooa.ao 

CCST   OF  REPLACEMEJT  BLADES  Für.  THaiS  LCST  AND  U;^£i<\/ICEA3LE   (IMCLUDIJG 
BLADE  EHIPt'I^G  A'iJ  C.'J . r AINEfi  S-H.'l^IJÜ  CCiTi;): 

LLA'JES L'.'sr r; Arn.incM - : 3235.00 
DAMAü^J   "-LAJE-   .-JJT   ..ÖPAIHEJ =    3 17j4^.?0 
TlME-S^MEO   UMDA-'.AGED   ELADEi.   =   -■   6361.20 

TBTAL   ;:£?LACE-1E:jr  CCST = S2944I.10 

czz: ZF :I,MMTE:J.VJC;  ■♦CTIONS CLAE^.< A>:D :IATE,;IAL TO INSPECT, REMJVE. 
REPAIR»   REPLACE*   ALIO!,    ArjD   fiJACK) : 

FIELD   ::X^AI.<   ON   AliiC.iAFT 
FIELD  .'.^.'i\i::  OFF  A!..Ci;AFT 
FIELD   iC:^P 
FIELO   r.£il!;ElEMr 

TCI"AL  MAI ITE'IANCE  CCOT 

277.40 
U.70 

134.30 
59.60 

= 3      533.00 

TOTAL  LIFE-CtCVE   BLADC   CliST   PER   A1RCKAFT S3S,932.40 

'•lAINV'MCE  ■•1.VJ--'.J-.UV~LIGU   HOUR 
BLADE-K EL AT EJ   AlRCIVAf»   Ua'.,>JTI.<iE 

0.C151 
51    TJUHL 
sssssss: 
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HEuicrrrE;; LiFE-orCL.-: '-'LADE CCTS 

FIELD  /v£PAIi<ABLE/E:?.'»EMDABLE  OUAöE  ÜESIÜN   II 

MEU     rLAOtC     TO ICE 
MEAM   lint  vilTWEEN FAIt'JäES 
FULO     i.'-.'^I.AULIlV 

=   S   3315 
=      IV6-1.0  BLAUE   -OUUiJ 
= ^5.7   ."r.aCEIf 

liEAM   ft ;£   rjuTi.ES.N  MAIMTS.VA'JCE  ACIIC.^S   CCLADL" HOJiii)! 
KETl. ^.di^E-JfS =   1967.0 
rtiir-'VAL:   FC.'   .■•■'•,;jAIR   ;«  KEitACEMEMT   =   17 12.6 
(\£PAI..J o   3j63»2 
ÜAIAüL  HZPlflCE.VOilZ ■a   3:^42.3 
o.'4-c iJ^oL^J :;Ar.'r^./-jJC£ =   1764.0 
iC IwJJLCO   -IM-.TL; JANCE   (.■.■•: nrE^E.MD   =   äOOC.O 
ALL  >iAI.:i u'.AJCi   ACriONE =   1304.0 

BLADE   EVDJf:   HEH  AI.'.C.Ar'V  LIFE   CYCLE: 
Nu:i3F.'< Locr r: Arr^insM =    i.sooo 
HU:',3Zi-i "Aiicji; .'.zTinED U)UA-;AGED =    2.0000 
lU'iCiCR  KEPAI..C!J   CJ   AIRCnAFi = 2.4404 

N'J.iZE.V  .;£HAI,,S^   ^FF   ,.iaCi.AFf   IN   FIELD = 0.1447 
NUMBEH  i.Cf;A?PE'J   IN  FIELD = 3.0717 
NUMBER  DA.MACE0   XiJ  KE1"I:;E0   IN   FIELD a 0.0121 
TOTAL  rJUMSER  DAMAGED   A.gj  ;iJV   ;;EPAI^ED = 3.0333 
TOTAL  NU.'-IBEK  ALL   .«EPLACEME.'ITS = 5.0333 

MAIN   AJTJ.-.   SLAUE  Cfjii^   Pciv   AUiCKAfT   LIFE  C/CLE: 

COST   OF   TJIflAL  P.:.JCJ..iMe.VTj 
NEW   AlKCrtAFT   Jclrl f i I.'JG  Cb^l =   i 66J0.0U 
SPA.'«Ei   CJ^r,   ..HI   C-NTAlfJEIio -   S 220b. 00 
iPAr.E   REPAIR  ;;Ai_,.IALS =   S 3.00 
«EPAIR  SJP?.^.T  ESJIP.'-lEMT =   S 160.00 

fOTAL   INliIAL Pi'.CCJaEMEXT  GCif = S  9003.00 

CCST  OF  KEJ'LACCENT   DLAUiS Fill  TlIJiE  L2ST  A'JD  JMÜERVICEABLE  C I.NCLUDI.-JG 
BLADE   £4IPPriG   AJD   CTJiAINiE.?   -IIIF.^I.'JG   CZHTDt 

BLADES   LrJil    TO   ATl"KiriC4 =   S   5235.00 
DArtAGEU   "iLADE- ;-JC f   i.EPAIREO       =   5  93 I 7.20 
TI-E-EX.M.iEO   j.JOA;iAGED   CLAJEii   =   Z   69.50.00 

TOTAL   raClJLACE.';£'Jf   CJ^i" = S22032.20 

COST   -i-   :,Ai.\'TENAMC£   ACTICMS   CLAfJO^   AMD   .•iATEHIAL  TO   INSPECT*   P.EMflVE* 
FrC?AII;,   REPLACE»1 ALIGN.   AMD   T.-iACK): 

FIELD  REPA»:".   ,M  AI.:C,.AFT =   C      166.40 
FIELD  .;.EPAI(i  DFF  AIKCKAFT =   S 7.00 
FIELD   SCr.A? =   £      110.60 
FIELD   KtTI.<E 60.40 

TLJ'AL  .-iAINiENA-lCc  C^:. f = S     344.40 

TOTAL   LIFE-CYCLE  BLADE   CL'ST   PEI<   AIKC,"!AFT J31#37?.60 
ssrsssssss 

MAINT'.-.'Ct   rA,'J-fIJU.ii/FLICHT   HSUtl 
BLADE-KELAfiD   AlrtClA/T   DC.NTI/.E 

0.0106 
35   CJ.-.i, 
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MELICi'PTV:.;  Uli^E-CrCLE  'U.i'OE C::2r3 

NEU'     DUAL'S     J'.,ICE 

FIELD   K.~.
:
M.:A;IILI re 

«   S   33jj 

« 4i.7   PE.^'ENl' 

•IE.^ Tl-i£   ■.■;!..:•;:.•;•; y,^i a;;;.'A\CE ACTIü.MS {BLAUE noUivö)! 
nK/'L^C-" IM."j =    1407.4 
;.£•■:.,'V^.L- FOiX  i-.E.'AI,;   l?;i  .{EPLACEWENT   =   1361.1 
. cw'AI.... a   2320.3 
UA

1
;MG.«: , EPL-'C.V IF. .IL = 1945.7 

ÜNSC'iKüULSD   ■MWmii&'Xe. »   100j.4 
SCHEaJLEü  MAI a\:.J(VJCE   <..ETir.EME,jr>   =   50.36.5 
ALL   'AM WL'W-iCZ   ^TlO.Ji a     876.1 

BLADE   Ev'E.'JUi   PEJ".   AJr.C.VT   LIFi   CyCLtt 
NU'^Er: L:'-T fj ^i I:.I n..; »    i.sooo 
.Jj.'P,':,-;   f/.TlGJE    .;.i:,,ZJ   J:MD^1AGEJ =     1.J660 
NUMPCr;   «EPAIi-tU     ')   AnCnAT a     4.0674 
•Mü;ir.'c;.;  /-.Er'AI.'.iJ   :FP"   ,-.l,:C.,A/r   M  FIELD  «     0.^^14 
.jUMBzr; icvApPEü i ; ritLO =   5.1197 
NJM-.E;« U/.;v:.£D A;.'0 ,.E;ii.EJ 1,1 FIELD   =  0.0198 
TOTAL V,J':

T
C\\  L;A.':Aü£D A^ü .'.jr .■.E.^M.^ED « 5.1394 

TOTAL  .•i,J;-.->SR   ALL  .. s.'LACE.IE.'l i ^ a     7.1054 

MAIM  mr-JH  rtADc CCSTi  ;''£:■   AlHCi'.AFT   LIFE  CYCLE« 

C:^r MF  IM I I AL P  ZC'J. i-'-: 'f: 
•■)£.. A? c. AFT ?jr-'in'! .'' rc■ r 

S/'Ai^E   ..EPAI !  :1ArE..IALS 
KEPAln ^JrV'^.r z .JI.' ;E;r 

-■ " ^776.00 
= t J£^5.30 
= : 13.30 
a   S      16^.00 

TCfAL  MiriAL r,.-.';CJ<:E';E;'IT  CwSt   = S  9 19 3.10 

CO-»    3F  .-.E^LAUEüE'ir   BL."J"o  FCH  TXJJE  Lui-i"   AIJ  J,Ji.E.';;iCEArjLE   (lrJCLUOr.\'C 
BLAOJ:   ilillPrTHi   A..J   C. JTAI ;£.<   SMIPPI'IG   CCTS)! 

BLADES   L3-T   T^   ATTRITIOM =   $   5344.50 
DAMAGED   BLADES  NOT  hEPAIKEO        =   S17707.00 
TlME-EXPIr.-D  JMaAMAGED   RLADEi,  =   $   7004.90 

TOTAL  r.EPLACE.-lE.JV   C'^f = 33OOJ6.40 

cc^r ar ;;Ar-iTE.iJAjCc /•.cri:.ji CLACJ.. A'U KATEKIAL TJ iNirECT» ..EMOVE, 
REPAIii«   \S.ri.rZZ,   ALIGv;<    A.J.)   fn.'.CK); 

FIELU   ...I'/T:  :J   AI/.C   -■•"i -   3     •>77.40 
FIEL3 Z\ AI;;  CFF   AI.'.CAf 
FIELJ ^c.r? 
Fi^Lu ..Ei I;-..: :ir..iT 

TOTAL r'AiNfi: ;\!Ci- C'Jif 

= S 11.7C 
3 5 13 4.30 
=   3        59.60 

TCTAL  LIFE-Ci'CLE  BLADZ  CrjST   PE.J   Al.vCAFT 

S     533.00 

$39,737.50 

•lAIMr'NCE  >1 uJ-^-'Jii^/FLIUU'   HGUr« 
BLAOE-iiiLATED  AIiX^A,"V DCi.iJTIME 

0.0151 
sj nouas 
rsrsasas 
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im       um iiiuii.1 

FIE'.U   i,_iY>.Il,AnL2/h.^)^.')0Ar)Li;  BLAlJt  L-c^ICI   l.i 

NtW      £il.A)i£      ^ .Iff-: 
MEAN   n: U BEl'.-'ilC i ;■-,lLu::Ei 
FIELD     .«.cPAI.;.- -ILI i i1 

t   3333 
1764.0   DLAUc    li J.iw 

4i.7  ;-..  (:;.,n 

MEA.J   if.t   t--cr-.l-„.N.  .vM^TEUWCE  ACfl .N£   CL'L'Ws,  HCU.lSJl 
..^.'LACc.. ii;,. i >. *   l-,'ii7»l 
..t  ..AL.- r.; . ^, AIK c.:; .._;;L;'.C£';ENr = 1912^6 
..Ä^r.i.vs = 3.ic:.o 
D/v;Aüi .•.i;;-LACE":E,'Jr3 = as-is.j 
UNSCHEDULED .lAirJTL.l.MCE = 17'>4.0 
SCHEDULED MAI i ^.••■Vli^ C^ETlRF.flEMT) = 5000.0 
ALL KAINtE.". C/. ACT^NS = IJ04.0 

BLAU:-: VJZ'Uö PZt. Ai.-.c.iAFr LII-'.-. CCGLE« 
.•iü.;:";ci'. L03r T.  Ariiviri^j =    1.5000 
NIU-'    >.   rr':'iüJ-;   •'ri.'.ö   j ;OAM'>vED =     a.cooo 
,ij::: ...: ,;C,

J
AI.;£ ) .IM Ai/.Ci.vl =    J.^^O* 

.-JJ.r•;"..-.   .lEr'Air.^J   J.'.7   Alr.C."'. A:-"f   I ■!   FIiCLD   =      0.1443 
,MJ!l^.<   üCivA,"1!-:.!)   fJ  r'IELD =      3.C7 13 
;jj,1cj3:;i   DAUnEO   A:J   .»Eri.-.EJ   1''!   FIELÜ        =      0.0119 
T"i;.L NJ r :.. •J...\\V.:O AJD  .'.:;' . Er'Al.-io -    3.0537 
fJIAL  NJM3EH   ALL  i\EfLAC£.',£-1 fi; =     •j.Oiöl 

lAIM   K2i :.-,   ^LA-'t- p,:. M.:C.;Ar"T  Llfi  C.'CLE: 

C3£r  J?  l;>iiiiAL i1-.. CJ.v'iMiiNl 8 
■>iZ..'   AIiXiiAFT   3ut/I iTI.SS  C:,r = Z 677^.00 
Si-'^iCES   C:_l>      IM   C'J'.l-I 1 , • - 'a T 2.^43.30 
SPASE  KEPU.-;    lAiEiUAL- = - 3.uO 
P.i:.'AI  :   iJ.TC.l    -.-li^'Zvi = I 16Q.00 

TOTAL iJiri.AL ?:<.:■ ci\s.:',ü?it c:~t - s 9192.30 

C3Jr  ZT  JiiPLAC-XI.-lj   5LADE5  FOR T.10ÖE LJSi   /viD  'J.NliERVICEAäLS  (ISiCLJivI iG 
BLAJC  t-lIPPI.JC   .V)0  C,.ir',!.l£.:  ^n.^iTlG  C.:-lS)t 

>LAj:-".i. LJ-r f  ■.■r:irr;\' = s 5344.^0 
CA-'AVJO QLAJE:   .:r ..^PAi.;r'o     - ;no32.i3 
n._-j. :r-i..-.ü 'JJJA'-

,ä
.GEJ BLAJ.-J « s 7126.oo 

TCiAL  .•;i.'LACE.'.£;.'«   C-iT = S2a4?2.60 

cosr a" ■••,Ai)iE-.,AJC:: ACTU.IS 
f.\.rr.z,\ AVD MAVEHIAL TO i^r-ECT, REMOVE« 

KEPAt.<«   ■:r.r'LACZ«   AI.IGI,   .\.J r..ACK)l 
F1EL3   .'.EIMi;:   '.  \   ,M..:.-.Fr =   5 166.40 
FIELD   ..ErAI..   iFF   Ali-CAFT =   3 7.00 
FI^LD   ZZr.r.P =5 110.60 
FiULD   iVETlr.Eil'i.i 1' -   3 60.40 

TCiAL  .lAINTE IA ;CE   C.';ST = 3     344.40 

TOTAL  LIFE-CYCLE   BL'tDE  Z211  PEK  AIHCRAFT $33,029.30 

MAINT'MCE  ■lA'-l-'CJ:^/FLIGHT  'HOUR     =     0.0106 
SLAUE-KELArED   HIKC.-..V»   DJV.NTIME     =        35  1I2JUS 
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'ItLICJi'IER  LlFt'CtCfc.  LLAJt   CUiifi 

•JJ   CO MB AT 

Nu.-   BLAJt:   .".act; 
ME/V.'  TIME  SErU'EE.'J  KAIUURES 
FI-Xü    K&PAIiiADILI tr 

2338 
y9l.6  DLAÜE HaUHi 

fiUS   PEKCENT 

MtA ;   TI-IE   BcnSE'l   MAIMTE.^A'.CE   ACTIONS   CLAJE  HCUiii.)! 
.•lü.'UACE'!:'. Jf- =   1513.2 
KJ. .avv.L- ; :..   .£jTAl,i ;.; I.^CLACE.^E,;»  =  isao.-'i 
RE.uAi;<i' = M^'j.L 
DAMAGE   ÜEPLACEIIEiJTS s 2337.5 
UMSCHEDJLiJ    IM :;£:;A MCE = :39J.6 
SCrlEü'JLib   -.AI ;.i: JA.JCE   C;\i-. HKEMcNT) = 3000,0 
ALL  MAI.-iTE; •• iüE ACTI-.Jl, -J 756.7 

BLAJE  EVENTJ   PE.:;   AIRCRAFT  Llf^  CYCLE: 
NJ::3EJ? L'J^I    i-  ATJ;;i i I..'.' s I.5C00 
NÜMBEH p"AriiJ.JE   i;£ri.\EfJ   J .^AMAÜEfl = 2.0000 
r.'UMDE« K"PAI.-.(iD   .JM   Af,:C..,Vr = 6.6>314 
MUMBEK .'E.'.M.iEU  JcV   MiXCi.APT   IN  TltLÜ = 0.^37.) 
.iJ.iDER ^C '.JE0  I.J   "liL'J = 4.2770 
.VJM5EH DA.-IAGKJ   iVJJ  .ü'iI.-.iD   IM  FULU = 0.0195 
r;rAL N-j.-ni;. LAMACEU A;JU .MOT ^EPAüVED =   4.2i?6S 
TCTAL rJJ.-inS,: ,U.L hEPLACExEVTa        =  6.2965 

MAIN P.JTO.^ ÜLAOE COCTS Pg?.  AI.'iCrtAI'f LIKE CYCLt: 

C?£T   T"   I'.'iriAL   PICCiJ „T'lV-JT: 
ME'..'   AIRC;vVf   iJXFKn.i*   CC«r =  3 5776.00 
i.'A.;^   CJit'*    .irw  CO.'JTAINEKJ =   3 lJ'i3>',0 
5PAÖS  REPAIrt   ..AfEMALi =   S ^5.^0 
REPAID i-/'.;:..i L:cjir-.-;E";r = s    uo.oo 

TOTAL   I1MIVIAL   PriJCÜAtMENJ   CJ^T   = S   7910.20 

cssr OP REPLACE-:E.!T ^LAU:.-. ":;:•( THOüE L;^T A>JU üMSE^^ICEAELE (IIJCLUUI.JG 

BLADE   oHIPrl JG   .■ .-.'O   C::.'TAI!iE;<  iWIPPIWG   CJii'Ü) t 
BLAOEi-   t~Si    i      AHV.IiIJJ =   S   45?4.JD 

DAMAOED   r-L.'UE^  .'.-'/   .-.^PAI^tü        =   S12516.^0 
ri':E-i:-:i-i..i'y J.'UA.-AGSD r-LAJUS = ; ^iJ6.oo 

fJTAL   ..EPL'vCi.iE.ii   COii = J2C2J6.?0 

cc^r .." MAi jr^.'/u.cj; ACTI. .^ (I..
V
.JC.. AJD MAJc.aAL. fa INSPECT, 

i.&'M-i,  :\2i:L.\Cu,   ALIü.:#    v.ii r.ACK)l 
FIXLlJ  .'.£,"''I.'.   J.-.'   i\l.\C.\,Vi              =   5 521.00 
FIELJ   i<£r-'>i..   „?"/   AI.vCKAi'T              =   ' 11..0 
.7I-LJ   -C.A/'                                                  =   I 154.00 
KI!! L .■'."■.'£ f i.. i ..-.■ U'                                 =   f 60.^1 

r'';'AL ■.AI:;;-;:.-..:^- c;-T                 = s    747. ic 

.>iüV£i 

TOTAL  LIPE-CrCLL   BLADE  CiZT  PEii  AIRCÄAPT $31,394.20 

MAiJi'ViCE ;: vi-i.,,ü.<^/rLi'Jin H^UH    =    0.0143 
DLA-O'i-i.iLAfE J   ftI,:C,%Vr  QJ'-.N'I TiE     =       55 MOJHi» 
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HELICOPTF.A  LIFE-CYCLE  BLADE   C3STS 

J-J   COMBAT 

:•;..     ^LADc     ?.;iCc =   S  2i3i 
■•!iA.I   TMc   ■.^r.cli.'J  f",MLJ.'>.';C     =     14v(i.O  BLrti>£  HCUKo 
FI-:LJ     i.r„-(M.,v,.ILI V/ = öl.J   i^iXE.Mi' 

KEHL' '•■ • . .U 
KE;-'- . \Ui i't 
I'.EHAI.;^ 

ür>:>: . ..L XACi 'J. .i.. 
J :.C !.. )JL.'. ' '■i"t .ji , 
iiCHu'j JL'■ -     V'l i 11 in.. 

.•."At,. -,i< REPLACE;^.jf = 2ius.''. 
= y40J.7 
= 337?. 1 

.:c.:                       = j 43 6.0 
:. (.'.iun,. ;.'i£.Ji) = 'JOOO.O 

LL-VJO EV-. a^ :'::.. Ai.:ci:A.7f LIFE crcLE: 
;wM3c;.i L^i  TC M.i..iri:;j = 1.5000 
•vl'JX      .   F'lIG'J-:   ..HL-.C'J   J.'lDAMAGEiJ = 3.0000 
i'j.'Hc.. r.ii-Air.iij ...; .Mi.c.iAFr = ^.OOJJ 

IJJMBE,;    .^.--'.I... ;   ,./.-'   M.vC.tAFT   !,■;   FIELÜ = 0.\A21 
NUMI I :  :.C..*-,rr_.j   I.:  Fi:VJ * 2.5662 
N'JMEi.<   DA .'\ji,   (V.-.J   .,i:ri..£ü   I.J   FIILO s 0.0117 
TOTAL   ■lj.:r'i^   J/\!AC.;.:   i\<J  ,-JC )"   .VEi'nIiJ.EU = :J.:5777 

TOTAL  NuMrEH   ALL  .^.'LACi.-JENfi = 4. .^779 

lALJ   ..CTVA   3LAJE   C.;i,Io   i c'.   M.'.Cr.AF I"   LIKE  CYCLE: 

ccbi ur r;iriAL p..:c.:.'.u iE.sJ«. 
Mc.* AI-.C .Hi-'i Jji'/Iiil ;_ OJJI = J jllbtOO 
SHAKES Cl'ST, V.IIM C: i'AI JEHU * 3 194^5.30 
SPAÄE  az.r'.M,:   MAVEKIALL =   " 15.30 
:;EPAi;t üJPr::.T ECJiP.-iZ.-JT = s    160.00 

I^:AL I iiiiAL PH.. .IT   C3ST   = $   77C0.10 

COÜT   OF   .-r^-LACEXE JT   EL V.^Hi   ?£H   H.'.i-  LUST   AMD   J SERVICEABLE   (1NCLUJI.,C 
3LASE   SMI.VI JC   X'.O  C^.'.lhlKZP,  SHIPPMG   CuCTS) : 

BLA0E1  LOST   TO   AV fr.i i'l OJ =   3   4594.50 
DAMAGZJ ''LAJZS :::T i.EpAi.'.so     = 3 0939.10 
Ti"E-!::^;,ii-Ej  J:;^A.IA'J.:O SLAOEü = 3 f>i;:6.co 

TSTAL   RSPLAC^'IE.-Jf   C.-i = $17709.60 

CfST   CF   :1AIN1^-JA-JCE   AClI :Ji> (LA-..3.;   AMÜ   MATERIAL   TJ   t^ii'ECT»   tWAäJZt 
KEPAI?.»   .;.E.'LACc:,   ALIG:,1*   AJJ TRACK): 

FliTLO   P.liPAI.-;  ON   AlilCKAFT =   S     312.60 
FliXD   ,.■::'Air;   3FF   Alr.C.-.AK f =   3 6.90 
FIXLD   ÜCriA»' =   3        92.40 
FIELD :,;;i'i;.i:;;£,jr = $      6o.''iO 

TOTAL   LIFE-CYCLE   BLADE  CC-^r   PtK   AIr.C,-.A,"f S26,032.00 

IIAIMT'NCE ;-;.Vi-H:U(i~/FLIOKi'   <OUR    =     O.OJOJ 

nLADE-RSLATEÜ   AtaC'.VT  OC'JVTIME     =       37'HCURS 
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1 
H:.\.V<.'n'ii:   Li/;;-ti'Ci.i'. niAut: c :.'.»;■ 

F.VF   "LA');:   IJK;./C. J   l-1 

^:c..    'u, \'.-.    r; ic.- -  j ::i u 

KIM.')     .,-.;,All   -'.ILIf/ = 61.2   i'r,.{:..;■ 

MKA; m;. '■. r •:•;.'   !/.i .fE.-y.gct  'cri-ijs (I.LAOK  r/JKt). 

.■:t--r!>.'/'.L;   r";',:  ■..■loir: 3n lif.n.i'CVAEM   -   IOJO.3 

ilAIAliE   ..,,. LAJK.'.i^Jiü =    l-;.Vi.6 
u\'£c (cOoi.;:.)   IAI Mil. ;A-JC;-: =    71.^.6 
ECICOL'L::;   v.i.i.M^'iCi" <:.'/;ii;.r;;:k:;jr)  = 2261.0 
ALL   "■iArii.-.-, v.:C:;  ALTI:'^ --      566.9 

RLAD;. EVE^jn ;'K., Ai.-XnAKr LIKü, CVCLEI 
Nü,-!DEfi Lwii' I'w Hi'f.;i n: 

Ü^O.'MACKO 
=     7.3o?0 

=      1.5000 

.JJMHE;; I.!::?AI,.SD 3,J Al.:-Cr.AFi      ^..    MI r ^■.(■r 1 = 7.30?') 
Ntl'JSEK   f-.n:.'-.f .."O  CrT   A! iX;.^? i    I-J   FIELD = 0.23b7 
N.JXHE.-:   iC;;A;v'.-:;)   I.N   FlEuD «= b.1192 
NUMßE.'i   Dr'Ai ,.;■->   AND   KETIuJLy   I .J   FIELD = 0. Üi;32 
TCTAL   •.'ü,:F.;.i  D.WiCL'O   A,:.)   .\'JI   REPAI/.ED = 5. H24 
rer.AL MUXHE;« ALL KEPLAC;;.'^ .r^; = o.sr^ 

MAIM   /.JTJR   BLAOE   CDifr  PEK   AIKO.AFT   LIFE  CVCLEt 

CO:T OF INITIAL .".CC.'.'.'E'-:.-:JT: 
MEl.   AI/iCr.AFT  eJTFlTTI.Vo  CCiT =   S 5/76.00 
-PAT.ES   CPZT,   WITH   CWVAI-JE,';. =   S 1948.30 
SPARE  REPAIR  MATEKIAL« =   S       31.70 
F.EfAIr;   SUPPORT   EQUIPMEAT =   S 160.00 

T-OTAL   INITIAL   Fi,-CÜ^EMENT   COll = S   7916.50 

CCIif   OF  KEl'LACfCME JT   aADEJ.   FC';;   TH0£E  LOii   AND   UNSERVICEABLE   CINCLUUING 
EL'U)E   £;üPPI.NG   AMD   CJMTAl ME«  iMPPLMG   C.'iili): 

RLA^ES  LC-i'   10   AirKinc;,1 =   S   4594.5C 
DAVACE')   r'!-'^=.;-    ;;T   KEPAIüSD       =   $I560-;.00 
TIME-EXPI.-EO  uJiJASAGEU  LLAQL'S   =   513547.OC 

TOTAL  KEPLACiilEMf   CJüT = S33747.50 

C'J^T   Of  MAIMIENAVCc   ACTIOJ:   fLArg.;   AMD  MATERIAL   TC   I.)-PiCr#   REMOVE/ 
KE;AI;C, REPLACE, ALIGN» AMD HIACX): 

FIE!.ü  REPA1H   .:,,'   Ali^Ci.AFr ^2 ^H^.OO 
FIELD  SEPAl.v   0,-F   AIuCKAFf =   S 11.40 
FIELD  SCKA,1' =   S H4.30 
FIELD  RETU.EME.Mi' =   $ 133.40 

TOTAL  MAl.MTENA^CE   COST = S     977.10 

TBTAL  LIFE-CrCLE  BLADE COST  PE({  AIRCRAFT $42,643.10 

MAIMT'NCE  MAM-HÜU.Ü./FLIGHT  MOUi^     =     0.0214 
BLADE-RELATEJ   AIKCKAFT DOWNTIME     =        76  HCUkZ 
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HEUCV. iZ.i  LlfE-Cr'CUE   CLADS   CJi.'i 

FR/E   FLADE  DESIGN   2 

NEW   r>LAD^   PHics = * ^na 
MEAN T; ;i :i^r;.E^.i PAILU.^S    »     756.6 BLAU;: ^auns 
FIcLO       ..-.'PAIi.A'ilLI fr - 61.2   i'E.XL.If 

MEAN   riMF   rjrr,..E£J   M.MNfENA'JCE   ACTIC.MS   (BLADE  WOUii^): 
nEPLACE   iCMi i.' =    I2'V?. 3 
«;•:•:.VAL^ i";.. r:£:'AiR :* REPLACEMENT =  \2\3.(, 
REPAIHi) « l^öH.^ 
DAlAGt   ^E.-LACtlEi'.'TS = 1944.6 
ü'J^CHEO'JLEö   ■.'.M.m.'iMCE - 756.6 
SCKEOULtD   •■1AI.;Tu :AJCJ   CKETIKEMENT) = ?49<i. I 
ALL MAINlEM/VJCiC   ACTIONS s 621.7 

BLADE   Ev/EirS   PE,-;   AI.-CAFT   LIFE   CfCLEj 
NÜMB£,<   LOwf   TO   ArTHITIOi^ = 1.5000 
H'~.'.BZii  FAilGJZ  .■.Elir.EO   J.JJAMAGFO = 2.3620 
NUMBEK   .VEPAIKED   GN   AIi«CKAFT ■ = 7.3390 
MU:;oEP.  HEPAI.^EU  OFF   AIRCi«AFl'  IiJ   FIELD = 0.2357 
Mü;-i2En ZC.-^PZL) r; FIELD =    5.1192 
NJ-;.'.^:: üAyr.a^D .•..;D r.üriREO 1-i FIELD      =    o.r232 
T:TAL :-.'J'-.3C;A DA-IAGED A-ID  JOT REPAIRED =    5.1424 
ICIAL   NUMBE;*   ALL   HEPLACE/iE^TS s     3.0043 

MAIN   rOl3R   DL-'VDE   CC^IÜ   PEP.   AIKC^.AFr   LIFE   CTCLEI 

COST   OF   INITIAL   PrUCUnEMENfi 
NEW   AIRC'AFT    JüfFirTI.NG   CClf     =   S   5776.00 
iPA.<E5   CJÜT,   v/T TK   CONf AI.NEiv.S     =   $   1MB.30 
SPA;-;-: REPAIR MATERIALS = s     31.70 
REPAI."!  SJPPORT   EGJIP-'IENT =  S      160.00 

TOTAL   INITIAL   P('.3Cjr.Z::E,i I    C?^T   = S   7916.50 

COST   .V   'iPLACE'lENT   r.LADEi   F:i!   T-(?SE  LOST   AND   JNJEKVICEABLE   CINCLüJIi^G 
BLADE   SiUPPIN'G   AND   CONTAINER   SHIPPING   COLTi): 

BLADES   L:-1'   n   ATT.ariCiN =   $   45?4.30 
DA-IAGEi)   SLAOES   N: i   ,,EPAIF.ED        =   115363.90 
TlME-EXPCi^ED   •J'-iDrVlACED   BLADZC   =   S   ?766.^n 

TOTAL   REPLACEMENT   CZli = $2(3729.60 

COST   CF  .■•!AI.-1TSNA.-.'C£   ACTIONS CLAHJR  A.-JD  .1ATERIAL   13   INSPECT,   REMOVE, 
liEPAIi./   .'.ET'LACE,    ALIO.i,   AND iHACK)« 

FIEL'J   ..EPAIi"   :;:.'   AI.'.C.^AFT =   S 643.00 
FitLJ  i\Z.~i\ii.   DTP   AI.-CAfT -   £ 11.-'IO 

FIELD   SCvAP =   S 184.30 
FIELD   RETIREMENT =   S 36.60 

TOTAL  MAINTENANCE   C'ST = S     930.30 

TOTAL   LIFE-CYCLE   BLADE   COST   PER   AIRCRAFT $37,576.40 
sssssssssr 

"AINT'.JCE  MAN-NCURS/FLIoKT   HOUR     =     0.0186 
BLADE-:.ELATED   AIKCRArT   D0'..NTI."1£     »        6-3   HOURS 
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HiLlCCPTS,,  LIK=:-CYCLE   BLtWlj:  C.'iJTL 

FR/E   BLAUE  DESIGN   2 

NEW     BLADE     PKICE »   $  2333 
MEAN  Ti;'i:  EET'.^iiN  TAlL'J.iES     =       756.ö  Btr.Oi   IJU.^.S 
FIRLJ   .;EijAi.<ArjiLi re =       6\.2 i't.xzm 

WKM   riM£   Dtr..UtN :)AlN»EM/WCa;  ACfliKü  (ÜLMOE HJU^i): 
.'«Ei'tACXMt.Jl'i »   1523.9 
ne-OVALS  F::.i ..IPMC.   'Z.I  ..^'LACEKiEXf   =   1475.7 
■■'ii'AI.'to =   1233.4 
DMAU£ .:i;,3LAijL;,iE,:ri. =  1944.6 
U.'JSCHEOJUSJ   .l.-.I.'Ji^.-JA-JCS =     756.6 
SCHEUULEü  J-\l 'Af.XtCZ   (;:;ETia£ME.>)T)   =   7150.9 
t'l-L   .'lAI.'JIE ;.A.;CE   ACri^.'i. =     634.2 

DLADi EVENTS  PZR   AIRCKAfT  LI.^E  CYCLE: 
NJ-;:,üH Lc.r T: ATTRITI. I =    i.sooo 
Md.-IBEn  FArtGJi  f.srihfcj   J JUA-iAGED »     1.3934 
MÜlBE.-i   KE.'AII.E.O   t ,J   AIiiCivAfT =     7.3390 
,\IUMDE;> .<ErAi,;^j JFF Air.Ci.AFr IN FIELD »    0.2357 
NLitfRE,?.   ZChV^-ZO   IN   FIEL: ■     5.1172 
NJ.-OE; DA"AG2J I\\O i.cn.-.Eo i» FIELD     =    0.0232 
TOTAL   NJ-, ".lii   JA.;AiiciJ   AJJ  NCf   ..^fAIi\£0   =      5.1424 
T:TAL ;4UM3S.; ALL KE^LACCMUW;» »   6.5403 

MAIN  .vOTU.l   BLADE  C^^."-  PEr»  AIÄCr.AFT  LIFE  CfCLE: 

CCiT  OF   INITIAL   iV.OCJ.'.E'-IENr: 
NE .   AlIXiVAFf   OJTFIiilNG   C:iV = S   5776.00 
b?A.'-!Ei.   COiif«   ..IH   C2\iTAi;ilir>j = S   1943.80 
SPA^.E  r<EPAIH  XAfE^TALS = $       31.70 
HEr'AIK  SJPeO.-ii   EOUl^ME^T = S     160.00 

TOTAL i.;iri/-i ;-.;:■ CJI.J:.;EM- CZIC - s 7916.50 

C3£i-   OF   ;.EPLACE:-1E JT   ELADZiJ   FOi;  THOSE  L0i;r   AND   UNSESVICEADLE   (INCLUiJI.'JG 
BLAOE  SHIPPING   A'.'O   CONTAINS^ SHIPPING  CO-Tö): 

BLi'ÜES  LOST   10   Al r.-.lTI j.l =   3  4594.50 
DAIAGED   OLAiJE^   'JOT   ..-.-'AI KEU        =   $15144.30 
TlME-E.'tPIREJ   U ij/^AGED   BLADES  =  S  4233.40 

TCTAL  i"-.£PLACi.'!E Ji   CZJX = S24022.60 

CSi;?   OF  MAINTENANCE   ACTIONS   CLABO.^  AND  >IAT£.M<y.   Tl3   INSPECT,   RE.IOVE, 
r.EPAi:;, ,;EPLACE, ALIGN, AND TJ'.ACK)« 

FIcLD   ..EPAI..   ON   Ai;.Cl..Vr = S 643.00 
FIELD   ..EPAI.!   OFP   AL.Or.AFi' = 3        11.-lO 
FIcLLi   -Ci'vAP » i 154.30 
FIEL'J   i-.Eri^EMt.'Ji' ■ 3 42.60 

TOTAL  MAINTENANCE   COST «                           $     836.40 

TCTAL  LIFE-CrCLE   DLADE   COST   PER   AIRCRAFT £32,325.60 
3SSSSSSS3S 

MAINf'NCE   MAN-IJJ..-/FLIGHT   HOÜP.     =     0.0159 
riLADE-SELATEJ   AIP.C.'IAFT   D3i..NTIME     =       60  HOURS 
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HEUCüf'TER  LIr-E-CrCLE   ^LAOE  COSIS 

fK/E   DLADE  ütÜlGi^  2   »**hi<   ,N|-J   CüMBAf   D*V1AÖE 

MEW     F31.AÜE     Pi; ICE 
WEAN   TIME   ri(..r .EK-I   l-"AILJi(£i 
FICLO     REPAI^ASILirV 

s   S  2383 
s       89 1.6   BLAÜE   KCUiw 
s 61. i   r'E-.'iCEMr 

MEA.N   i'IME   DEi-cEJ   •lAr.'J TE JAJCE  ACflO.!-   (I-LAÜE    iwUHi)« 
KEPLACE::-J.r3 = I10Ü.7 
NE.-UJVAL:   FOk  ..EPAl«   iiii  REPtACEMENf = 1077.4 
HEiJAIni = 144 3.,',! 
DA-iAGE   :-:X/

J
LMCE:-;£ U3 % 2327. j 

UHJCiZO^LZQ  .lAl ^'E.-JANCE = 891.6 
SCHEDJLEt)   ';.M J I'^.J.VJC.-:   cr.ETIiiE.'-IE.VI) = 2106.3 
ALU ;;Ai.>jil;.;,v;cE .•.en . .\. = 626.^ 

BLADi   EVE.'jri   ;:£..   A! .XC.■.,'.;'I   LITE  CVCLE: 
.^UM3£n  L"~T   Tu   ATTKITICN 
NUM3ER  FATIÜJE  RETIRED   JMOA-iAGEU 
MUMD-vii   P.ZPMPSD   ;N   AI-.C-A' 

T   I !   r'IELO   = NUMSE.: K2.
5
AI.;E;J C"? AI:;C, 

iVU-IBE..   ZC.^^Zu   I J   r'ltLJ = 
NUM1E.:   DAtA'iiCD   .\;:j   uETlkEO   IN  FtELD " 
TOTAL   T' ■■£,•.   J^.::\Ü-.'   ,\I'J   "JJT   r.LP,M..:.J = 
TOTAL  ÜJ'-'.'^ii  ALL   ::t!:,JLACL''1E.NJl"i = 

1.5000 
4.7476 
6.6314 
0.237? 
4.2770 
0.0195 

VAIN   Wf!?-:   "LAJS   CCSrS   P:;.-?   AIRCRAFT   LIFE   Ci'CLE: 

C3£f   :F   INITIAL   ,sr.3CUr;E.l£NTl 
.■iti. AiKCnvr jjrFirriiCj C-;-T ,= : 5776.00 
SPACES c.".-r, ..ri •: c*, u':\i:sz.;.S, = r iv-i-^.so 
JI-'AAC  .'.tiPAI ,•:  MAjtivIALi =   J       Ja. 40 
REPAI;; ojp?:Är EC.ip--;2.ir = s    160.00 

TOTAL r-iin-o, p.-.ocj.;=;-;.;•;;■ c:ir = s 79io.ao 

COtT   :.=•  REPLACE ;E;Ji"   ELAOi-   F0K   VijJC  LCJT   AVU   W'.JJJE.^ICEADLE   Ci;JCLUüI:.'G 
ELH3E   SHIrrtvj   AJü   CO.'J f Al JErJ  MIPrT'lG   C.^ii)« 

DLADES  Ll'^r   r3   AITRITIS.M =   J   459-4.50 
OAMAG-'J   "LV^Ü   .v: I'   ;;ir?Ati;EO        =   ZUJ21.2Q 
ri,::-c :, i..^^  J';:-A ;■';-;•; :'LAjEi =  ;i.i5'ti.io 

TOTAL  i-iE.'LACE-^r  C-ol = 532073.60 

CGLT  OF  'JAPUE'J.VJCE   ACiiJ.J^   (LA3CA   avD  MAj'ErilAL   fO   INSPECT,   r.E.'UvE» 
-.EPAIA,   '^PL.'.CK, ALIG;, A'iD r,;ACiC)? 

FiEt:J ..ErAi,-;  :J AIKC^AFT = s    521.00 
FILLJ ..•■;.-AI:

:
. :FF AIRCJAFI"        = s     11.50 

FIELD   M"'^P =   3      Is^.OO 
FIELO  SiCTI.^- :EJT =   J     143.00 

TOTAL ;IAI;;I
-
£;A^CE CJ^T = s   82?.50 

TrJlAL  LIJ'E-Ci'CLE   BLADE   C.:^r   PER  AIKCt.AFl 240,313.30 

MAI'ft ''ICE  MA-J-rl^u.i^/FLIC IT   ^aUk     =     0.0193 
BLADE-RELArED   AIRCRAFT   30.'..N!TIME     =        69   'ASMS 
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H£LIC3?TE«  LI?"E-CrCLE   RLAÜE  CJifj 

F«/C   RLADE  DES. ON  2   I«*»«*  N0   CSMBAT   DAMAUE 

»  S   3338 NE'./     BLfX)E     WICE 
'•IKA'J   ri'lE  BKi.S.Z:'.  FAILURES 
FIELU     <<E."AIi:Ar.ILI fr 

'9 1,6   OLAUE   HJURS 
61.3  PERCEiMT 

MEAN   ilME   BETi.EtN   •IAIWTENAIVCE  ACTIONS   CBLAöE  HOJRS)l 
KEHLACE'I EN IS =   1341.9 
REMCVALo   Fan  «EPAIR  OR  REPLACEMENT   ■   1300.4 
REPAIRS o   1445.2 
OAMAGE  REPLACEMENTS =   2327.5 
LINSCHEO-JLED  MAINTENANCE ■     39 1.6 
SCHEDULED  'iAIMrEMANCE   (RETIREMENT)   =   3163.9 
ALL  MAINTENANCE  ACTIONS =     69£;.3 

BLADS  EVENTS  PSÄ   AIHCRAfT  LIFE  CrCLEl 
NiJMBiR   LCJT   13   ATTRITION » 1.5000 
N'JMSER  FATIGUE  RETIRED   UNDAMAGED ■ 3.15ä7 
NJMSE«  REPAIKED  0N   AIRCRAFT s 6.6314 
NUMBER  HZi'tMi.KO  OFF  AIKCÄAFT   IN  FIELD » 0.2379 
NUM3ER   SCRAPPED  T.N  FIELD ■ 4.2770 
NUMBER  DA;AG£U  AND  RETIRED  IN  FIELD « 0.0195 
TOTAL HU:'.1Zii  DAMAGED   AND  NOT KEPAIREO = 4.2965 
TOTAL  NUMBER  ALL   KEPLACEMENTS ■ 7.4522 

MAIN  «OTOR   BLAD-:  r^ZXS   PER   AIRC.-IAFT  LIFE  CYCLE« 

COr-i   CF   INITIAL   PROCUREMENT: 
NEi)  AIRCRAFT   3JTFITTING  CCiT     =  3   5776.00 
SPARES   COST,   '.IH   CONTAINERS     a  S   1943.210     * 
SPAr^E  REPAIR  MATERIALS »  S       25.40 
REPAID  SUPPORT  EO'JIPMENT »  $*   160.00 

TOTAL   INITIAL   ;'/< iCUHEMENT   COST   = .     S   7910.20 

COST  OF  REPLACEMENT   PLADEi   FOR  THOSE LCST   AND  UNSERVICEABLE  (INCLUDING 
PLAOE  SNIPPI IG   l\iu   CONTAINEi;   SNIPPING   COSTS)« 

BLADES   LCST   TO   ATTRITIOM =   S   4594.50 
DAMAGED   BLADES   NO!    r.EPAI^ED        a   312693.40 
TIME-EXPI.vED   L;:;:rt-,AGED   GLADES   =   S   9665.70 

TOTAL  REPLACSMENT   OOST = 326953.30 

COST  OF MAINTENANCE   ACTIONS 
REPAID,   REPLACE*   ALIGN,   AND 

FIELD  ;;EPAI.<   ON   AIRCRAFT 
FIELD  REPAIR   OFF   AIRCRAFT 
FIELD SCRAP 
FIELD  RETIREMENT 

TOTAL MAINTENANCE  COST 

fLA=!OR AND MATERIAL  TO 
TRACK)I 

aS     521.00 
•   S        11.50 
s S     15J.no 
s  $       95.30 

INSPECT*   REM3VE# 

TOTAL LIFE-CYCLE  BLADE  C0ST  PER AIRCRAFT 

S     731.70 

335.645.30 
«ssasssass 

MAINT'NCE  MAN-TJURS/FLIGHT  HOu'?     a     0.0169 
GLADE-BELATED   AInC.iAFT   DOWNTIME     a^     61   NOURS 

asssassa 
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HELICOPTKi',  Llft-CyCLE   9L'iUii  C'JS\i> 

fK/E   BLADE  DESIGN   i>  ♦*♦*♦  NS  OOKr.M   Ü.V'i/iOß 

MEL'    DLADL     f'.vICE 
MEVs' TIME rsr'.EEM FAILUREi. 
Fli'LU     Kt-V/MJ.W-ilLiry 

S  23*38 
891.6  PLAÜE  4DljftS 

61.8  PERCENT 

MEAN   I'IME  riST.-EiiN  ,'IAIN FRANCE   ACTIONS   (LUAUE H:U.<i>l 
RErLAC£.-;E JfS =   1636.1 
KEMCVALS  fJK  REPAI.Ü  0i<  .^EPLACEf-X'v'T  »   1621.1 
REPAIKt. »   1445.2 
DAMAGE  .;3PLACE;-1EWT>. *  2327.5 
JNSCHF.DJLKD   MAiaTE JA^CE -     8? 1.6 
SCHEOULC'J  . „'."TEMA^CE   (liETIiiE^EMT)   s  6113.9 
ALL MAINTE'JA,\;E   ACTIONS •     773.2 

BLADE EVENTS  PER   AIKCtiAFT  LIFE  CYCLE: 
NJMBEii  LC'ST   TT   ATiaiTMM                                 « 1.5000 
NUMBER  FATIGUE   RETIRED   J,«ODAMAG£ö               « 1.6313 
NUMaER  REPAIRED   C.N   Air.CHAFT                         « 6.6« 14 

KEPAIF.ED   GFF  AIiiC/%AFT   IM  FILLD   = 0.5379 
SCi^Ai PED   IN  FIELD                                 « 4.2770 

NUMBER  DAMAGED   AND  f>EIIRED   IN  FIELD       = 0.0195 
TOTAL NU;:BEK  DAMAGED   AND   NST KE,JAI1(ED  « 4.2965 
TflTAL NU;iBEi^   ALL  REPLACEMENTS                    = 5.9303 

NUMBER 
NUMBEti 

MAIN K0TOR   BLADE  COSTS   PEi*  Ali^CKAFT  LIFE CrCLE» 

C05T 0F  INITIAL   PROCUREMENT: 
NEW  AIWCKAFT   OUTFITTING  C3ST = $   5776.00 
SPARES  COST,   WITH   CONTAINERS « S   19-13.80 
SPARE REPAIR   ;iArEaiALS = $       25.40 
REPAID  SUrl-'OKT   ECJUIPXENf « i     160.00 

Tcr/d.  INITIAL   PROCUKEMENT   C3ST a S  7910.20 

CCST 0F REPLACEMENT   BLADES  F0H  THOSE LOST   AND  UNSERVICEABLE   CINCLUDING 
BLADE  ÜHIPPING   A,JD   CSNTAINER   SHIPPING  CCSTS): 

BLADES  LOiV  TO   ATTRITION ■   5   4594.50 
DAMAGED   BLADES   N3T   REPAIRED        »  S 12460.40 
TIME-EXPIRED   UNDAMAGED   BLADES  =   J   5005.30 

TOTAL .".trLACEME.JT   CCSV e 122060.70 

COST  0F MAINTENANCE  ACTIONS «LABCR  AND MATERIAL   TO   INSPECT,   REMOVE, 
REPAID,   REPLACE,   ALIGN,   AND TRACK): 

FIELD REPAIR  ON  AIRCRAFT               e  $ 521.00 
FIE.LO REPAIR  OFF  AIRCRAFT             »  S 11.50 
FliLD SCRAP                                              s S 154.00 
F'.ELD RETIREMENT                                     =  $ 49.60 

TPfAL KAINftNANCE  COST                      « S     736.10 

TOTAL LIFE-CYCLE   BLADE  COST   PER  AIRCRAFT 330,707.10 

MAINT'NCE MAN-HOUKS/FLIGMT HOUR 
BLADE-RELATED  AIlxCRAFT  DOWNTIME 

0.0142 
53 HGURS 
B33SSSSS 
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A/C 

bl-hr 

c. f. 

e.g. 

c. rot. 

dB 

E 

f 
c 

f 
p 

FH 

FMEA 

FREB 

G 

g 

GW 

LE 

M 

M 

M 
ct 

M Pt 

LIST OF SYMBOLS 

aircraft 

blade-hour 

centrifugal force 

center of gravity 

center of rotation 

decibel 

Young's modulus, lb/in.^ 

number of corrective maintenance tasks per- 
formed in a given span of flight-hours 

number of preventive maintenance tasks per- 
formed in a given span of flight-hours 

flight-hours 

failure modes and effects analysis 

field-repairable/expendable blade 

torsional modulus, Ib/inr 

standard gravitational acceleration, ft/sec 

gross weight, lb 

leading edge 

maintainability 

mean active corrective and preventive action 
time, hr 

mean corrective action time, hr 

mean preventive action time, hr 
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Mmax 

MMH 

MTiiF 

MTBF 

MTBM 

MTBMj 

MIBMj 

MTDR 

MTBR 

MTTR 

N 

NP 

Nt 

PMMH 

RCS 

RDTE 

rev 

rpm 

t 

TE 

s 

ep 

95th percentile maximum repair time, hr 

maintenance man-hours 

mean time between failures, hr 

mean time between scraps due to failure, hr 

mean time between maintenance actions, hr 

mean time between corrective maintenance, hr 

mean time between preventive maintenance, hr 

mean time between removals, hr 

mean time between replacements, hr 

mean time to repair, hr 

number of elements in sample space 

number of distinct preventive maintenance 
actions 

number of blades remaining at time t 

productive maintenance man-hours 

radar cross section 

research, development, test and engineering 

revolution 

revolutions per minute 

repair time, hr 

median repair time, hr 

elapsed time to perform ith preventive 
maintenance task, hr 

trailing edge 
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V 

V 

var x 

Ve.1 

x 

x 

C0„ 

^x 

local velocity,   ft/sec 

free-stream velocity,   ft/sec 

variance  of x 

velocity, ft/sec 

logarithm of blade repair time t 

mean of x 

bending frequency, rad/sec 

standard deviation of x 

variance of x 
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