HD-A134 745

UNCLASSIFIED

SORTIE DURATION AND HELICOPTER COMPONENT FBILURES (AN

EMPIRICAL STUDY)Y(U)> ARMY INYENTORY RESEARCH OFFICE
PHILADELPHIA PA E GOTHWALS MAY 83 USAIRO-TR-83/2
1/3

F/G

NN
4

"

1/3 -

=
=




RS A

v

- -
DA

o
RN e 2 aa e 4

L Sl

- =% g

S EEE

334 m.._"_u._.”

122
12

i
i

[

|.O
e————
e———
————
ea————
——

ll==

.

—
—_—
7
—_—

|.4
P
—
—
———
e

=y

MICROCOPY RESOLUTION TEST CHART

NATIONAL BUREAU OF STANCARDS-1963-A

N T

PR R A A .
- ...‘k—\\.\.‘.«-ﬂ"‘;!\&



” AD-
TECHNICAL REPORT/
USAIRO-TR-83/3

DTIC FILE COPY

SORTIE DURATION AND
HELICOPTER COMPONENT
FAILURES (AN EMPIRICAL STUDY)

R Y o “—.t; T
3

‘ -
vt
-3 7

May 1983

This document has 5 Y
for puhlic rej §€D Tpproved
Lchmugé is raleag
US Army Inventory Research Office
US Army Materiel Systems Analysis Activity
800 Custom House, 2d & Chestnut Sts.

Philadelphia, PA 19106 83 11 1516

I W T W

ELECTE i
, KOV 16 1983 S

7
o




Information and data contained in this document are based on the input
available at the time of preparation. The results may be subject to
change and should not be construed as representing the DARCOM position
unless so specified.

- . e e " . “ . N
PRSP G WY SO WP S . Py A Py P a " .




- - INCLASSIFIED

9 SECURITY CLASSIFICATION OF THIS PAGE (When Data Enterod)
READ INSTRUCTIONS
§ T. REPORT NUMBER Hz GOVT ACCESSION NOJ 3. RECIPIENT'S CATALOG NUMBER
g 4. TITLE (and Subtitle) ¥ VI TYPE OF REPORT & PERIOD COVERED |
a! SORTIE DURATION AND HELICOPTER COMPONENT TECHNICAL REPORT

- FAILURES (AN EMPIRICAL STUDY)

6. PERFORMING ORG. REPORT NUMBER

- 7. AUTHOR(e) 8. CONTRACT OR GRANT NUMBER(»)
F ) EDWIN GOTWALS

3 : 9. PERFORMING ORGANIZATION NAME AND ADDRESS 10. PROGRAM ELEMENT, PROJECT, TASK
a5 US Army Inventory Research Office, AMSAA AREA & WORK UNIT NUMBERS

Ef Room 800, US Custom House

- 2nd & Chestnut Sts., Philadelphia, PA 19106

}:‘ 11. CONTROLLING OFFICE NAME AND ADDRESS 12. REPORT DATE

N US Army Materiel Development & Readiness Command May 1983

. 5001 Eisenhower Avenue 13. NUMBER OF PAGES

. Alexandria, VA 22333 247

14. MONITORING AGENCY NAME & ADDRESS(/f different from Controlling Oftlice) 15. SECURITY CLASS. (of this report)

UNCLASSIFIED

15a. DECL ASSIFICATION/ DOWNGRADING
SCHEDULE

16. DISTRIBUTION STATEMENT (of this Report)

Approved for Public Release; Distribution Unlimited

17. DISTRIBUTION STATEMENT (of the abstract entered In Block 20, If different from Report)

18. SUPPLEMENTARY NOTES

19. KEY WORDS (Continue on reverae side If necessary and identify by block number)

Component Failures Sorties
Flying Hours Usage
Regression Failure Rates

20. ABSTRACT (Contfaue en reverse sids 'f neceossary and identify by block number)

"This study investigates the effect that sorties, flying hours, and usage
have on component failures for Army aircraft. The report documents the work
done. It includes many graphs in the appendix depicting 20 years of 1352
flying hour data which may be useful in other research work. It shows no
relationship between failures and flying hours, sorties, or utilization.

DD , 50", 1473  Eoimiom OF 1 NOV 65 1S OBSOLETE UNCLASSIFIED

' SECURITY CLASSIFICATION OF THIS PAGE (When Data Frterad)




IO

YW s w T w T w w e

ACKNOWLEDGEMENT

The US Army Materiel Systems Analysis Activity (AMSAA) recognizes the
following individuals for contributing to this report:
PEER REVIEWFRS: Daniel D. O'Neill, Ronald L. Simmons, Arland H. Reid
The author wishes to recognize Marv Jackson, TSARCOM, for 1352 Data

Processing, CPT Chris Roddy, TSARCOM, and CPT Don Juhosz, Ft. Eustis, for
technical assistance.

“ Unc s )_3 ‘
LR S BT e mneanng
’.s P 1 - - -...v,,.j
»
i M t B A% o} N .
T if .
# .

AP Y W

PN WU S AP S P P S W G S S S A;._:.J__:L'L;‘i



TABLE OF CONTENTS

ACKNOWLEDGEMENT 4 4 46 0o e 0o seooeesonsososenssensossseeannsecesnscsss 1
TABLE OF CONTENT S 4 e v e vesoesasecsacssersssssessssesseassssnsacsns

SUMMARY
1. Background......ccuieeeeceeesonscsassnssossscssasossoncnens
2. FindingS.....ccevececesncncacsecsssvansosssanssscoansosuss
3. ConcluBlonB...ciceeveesesscoscessssssancacsssassssoccocsasss

CHAPTER I INTRODUCTION

W Ww

] Background.....c.coosvesoeencssssaccansoasasessscnsossoansse
2 Problem.....cicecitscenscccerocstsncocsassrsasasassnoas
«3 Objectives...iceevstissecscrsststnsnorsnonssascscnsacassonse
4 MethodOlOogY.eeseesrcesecsessceesresessassosasssoesassssas

Ao

CHAPTER II  RELATED STUDIES

2.1 1Inventory Research Office....ciovivrecarecscccccnsnnsce
2.2 BoOeCINZ.uceivecosososeonsososvoooscanasasnssnssscsesncsssssos
2.3 ALY FOTC@.:vvessactsarsossasssersassesstonssasasssasssasse
2.4 1Institute for Defense AnalysSesS.....c.eovevnvcevecnscnnss
2.5
2.6

Other8ee ceveessocsosovsosassssnossessassscesosssascossasses

= = WO O 0 e

b

Model Consideration....cceeesccsnosccessscnscossosacnsns
CHAPTER ITII SORTIE VARIABILITY

3.1 Basic QUESTIONS..cceereeeessossnnnssssoosacasssoscsaoss 12
3.2 Data Description...cvececccccesacsassocesssssossncsassse 12
3.3 Data VarlableB..cceiceceeocrsosctssssasasncsssssssnscsssss 12
3.4 Time Series Analysis....cccceeieessnvsnrscassnsssanssansnse 13
3.5 Regression AnalysiB......ccceenicicecoorrasossesvonssns 16
3.6

Findings.l...l.'.‘...l.‘.l.‘l.l.....l...l.........'.... 18

CHAPTER IV  FAILURE RATE ANALYSIS

19
19
20
21
23

4.1 IntroductlonN.e.icereceeccssocscssssccssosacsosnssssocnsas
4,2 Sample Data Collectiomn....ceeeercrncecscooncocsssnasass
4.3 TRO Demand Datf.:ececvesscccssonsconsesscsasssnssncanss
4,4 Other VariableB...cciceevessscnocoecsccsocsssasnsssnnse
4,5 FINdINgB....cceeeessncocnsoscsnsuoscsnssasssssssssssasscses

CHAPTER V CONCLUSIONS /RECOMMENDATIONS

" 5.1 Summary of FANdINngS...cueeeoeeeuseonnnronoosseoosoneons 24
- 5.2 CONCIUBLONS . cvetuneeroesonsconoesssasssssaseocesansannns 25
; 5.3 RecOMMENdAtLOnS ... ceeeeeeeeennsasennnnoncosssssasssnnes 25

BTBLIOGRAPHY & « s e s s e s eesessoosassssesosoasesssssesnssosssssnssas 26

APPENDIXES

ATRCRAFT USED IN STUDY 4 eveevveesuoennocsncosaconsenannans 28
DEFINITION — 1352 VARIABLES ... eueasenccsnoscacnssnennnne 29
1352 DATA TIME SERIES.ucuveeeeccaneoosnseasasesssacnoenes 30
1352 PROGRAM DATA. e . e eveseoooaceascosssnasoennanneasnsonns 31
1352 PAILURE DATA .. veeeeonoooocanensnasosanassessnsnnass 32
CAUSAL VARIABLES et v e eevsuesooeeenanaosnsesencasssonnanness 33
SAMPLE DATA COLLECTION - BRIGHT STAR EXERCISE......eocee.. 34

s PTISTRIBUTTION . o v e s v o s ueosesenonecesasasaosssasacssensseeanssansans 35
p . 2

DMMm OO




u-.'..'-!F.‘-.,-!--.!.-!-‘F-'!..F'!ﬂh"-' e Cii - i S Jte S J TR

A

LIRS 4
P

O™ < fi

R

';:-t
4

R AN

L e e lal g

SUMMARY

1. Background

The purpose of this study was to investigate the effects that sorties* have
on component failures for Army aircraft. The underlying hypothesis was that
the stresses occurring during take off and/or landing cause more failures
of aircraft components than does continuous flying. Under this hypothesis
an increase in the number of sorties for a given flying hour program results
in an increase in demand for spare parts. The Army's current method of fore-
casting demand is based solely on flying hours and past experience and thus
is inconsistent with this hypothesis.

The scope of the study was limited to appraising the implications of the
hypothesis as applied to forecasting demands for repair parts at the wholesale
level. The referenced studies done on fixed wing jet aircraft gave various
models to be evaluated while analyzing the data. These studies suggested

other variables; some of these were also considered in this work.

2. Findings

The analysis was done primarily on aggregate information. The direction of
the study was dictated by the availability of data and many of the suggested
models developed by others could not be directly tested. By looking at worldwide
(peacetime) and Vietnam (wartime) data, it was apparent that sorties for Army
aircraft were quite a bit shorter in duration** and less variable in absolute
terms for both peacetime and wartime than those observed in earlier work done on
fixed wing-jet aircraft. This short duration of sorties made it impossible to
detect any failure time pattern (i.e. time to fail within a sortie).

Analysis of about 20 years of flying hour records (DA Form 1352) for five
types of aircraft showed a consistently high correlation between sorties and
flying hours. This finding was corroborated using three months of Sample Data
Collection (SDC) data on Blackhawk helicopters collected during the Bright
Star Exercise.

Comparison of peacetime and wartime data (1352 records) showed both a higher
utilization rate (flying hours : hours available) and longer duration sorties for
the wartime environment. Rased on the referenced studies for fixed wing aircraft,
both of these factors may cause lower failure rates per flying hour for wartime

planning when one ignores combat produced damage.

Sortie is defined as a flight determined by a takeoff and a corresponding landing.

Rk
Sortie length or duration is defined as the flying time between the takeoff and

landing. 3
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Since little actual failure data could be obtained, several indirect
methods were used to try to find the relationship between failures and sorties
and between failures and flying hours. The 1352 records contain aircraft
availability and other related data. The Bright Star data contain maintenance
events and man-hours. Regressions of these variables against sorties and flying
hours resulted in low correlations. The IRO wholesale demand data did show
increased demands for increases in flying hours, but the causes of the increase
in demands were confounded with wartime effects. Several other IRO studies
indicated that the use of flying hour data improved the forecast for individual

item demand at the wholesale level.
3. Conclusions

This study was not able to show any relationship between failures and flying
hours, sorties, or utilization. The data were limited in that other causal
effects could not be removed from the analysis, nor could the explanatory vari-
ables be controlled adequately to statistically quantify the study's findings.
Other IRO studies did demonstrate the favorable use of flying hours in making

demand forecasts and the lack of results of this study should not be construed

as negating these findings. This report was written to document the work done
) even though there were no positive conclusions. It includes many graphs in
';: the appendix depicting 20 years of 1352 data which may be useful in other re-

~ search work.
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CHAPTER I

INTRODUCTION

1.1 Background

The Army currently invests several hundreds of millions of dollars in
safety level stock at the wholesale level to guard against the errors made
when forecasting demand for repair parts in the supply system. In an effort
to impact this investment, the Army Inventory Research Office (IRO) has con-
ducted several research studies {4], [8], [11] with the intent of improving the
forecast method used in the wholesale management inventory system known as the i
Commodity Command Standard System (CCSS).

These studies considered various demand models and forecast schemes and

used the IR0 demand data base for empirical investigation and evaluatiou.
The IRO data base [6] includes 15 years of requisitions and demand for avia-
tion parts by quarter accumulated from the Troop Support and Aviaticn Readi-
ness Command (TSARCOM) Demand Return and Disposal (DRD) files from 1967 thru
1982. Actual flying hour history is also included in this dats base.

In each study, program dependent forecast methods performed best
(see [10] for evaluation methods) when evaluated using a simulated supply
system. The program variable, flying hours, was applied to the data in a
"straight line" fashion, 1.e. a forecast for demand per flying hour was made,
then this forecast was multiplied by the number of flying hours scheduled for
the forecast horizon to determine the forecasted demand. This straight line
method is what is currently being used in CCSS. Similarly the straight line
assumption 1is being considered by the wartime planners, i.e. if we double
flying hours during war, we will also double requirements for repair parts.

Maurice Shurman of the Boeing Corporation has shown [14], [15], using data
from fixed wing, jet aircraft that this straight line assumption may be incerrect
and that the effect of takeoffs should be considered. He claims that a large
portion of the failures occur early in a flight and that these failures
are caused by the stress of takeoff. Hence a unit flying short sorties
(flying time between takeoffs) over a fixed flying hour program will genercte
more fallures than a similar unit flying longer sorties for the same program.

Others, [1], [3], [13] have followed Shurman's lead and have supported
his finding that the straight line assumption 1s incorrect. These studics

Bl d il — 2
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were all performed on fixed wing aircraft and may not apply to helicopters

the way they are employed by the Army. Details of these findings will be cited
in the next chapter.

1.2 Problem

It is felt that if Shurman's findings are applicable to Army aircraft
(primarily helicopters) a sortie dependent model can be formulated and an

improved demand forecast algorithm developed.

1.3 Objectives

The following is a 1list of objectives which describe the anticipated
course of the study.

a. Determine if data are available to measure the variability of sortie
lengths. Flying hours per sortie i1s a major consideration of the study and

should vary enough between time frames, aircraft, etc., to make the variable

meaningful at the wholesale (aggregated) level of demand. Wartime vs peacetime

& scenarios should be considered.
E: b. Determine i1f failure or demand data are available to relate failures
i' to zortie length. Time to failure within a sortie would be the principal

data element but other data types may be considered. Aggregate data may be
3 used and experimental design layouts may be useful.

c¢. Analyze the data and determine the relationship between failures

and sorties. Consilder the findings from cited reports in developing the
relationship.

d. Develop a forecast algorithm capturing the sortie/flying hour
relationship.

e. Add sortie length and/or the number of sorties flown to the IRO
derand history file.

f. Test the sortie dependent forecast model using the IRO demand history
file comparing it with the current forecast method.

g. Determine the feasibility of extending the results to other weapon

systemrs.
i- 1.4 Methodology

The methodology follows the list of objectives. First an intense litera-

ture review was done including site visits and telephone calls to a few of

the referenced authors. Some of their findings are summarized in the next
6
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-il chapter. Next several discussions were held with TSARCOM and with the
: Reliability, Availability and Maintainability Division of AMSAA to identify
availability of data.

+ 28

At the outset it was apparent that helicopter sorties were quite a bit shorter

in duration than those flown by fixed wing Army aircraft. To get a better feel for

, . )
(O R T 2

the magnitude and variability of helicopter sorties a request was made to TSARCOM
to derive quarterly statistics on five aircraft (OV-1, AH-1, CH-47, UH-1, OH-58)
from the 1352 flying hour report. A description and analysis of the data are
found in Chapter III, Since this was the first time a historical survey was
1 made of the 1352 data, all the time series graphs made from the data are included
- in Appendix C. This data represents actual field usage information as opposed to
' developmental data which 18 commonly used for reliability estimation.

The 1352 analysis showed that, in the aggregate, sorties were highly cor-
- related with flying hours. The direction of the study was then shifted to deter-
mine a failure rate/flying hour relationship. Chapter III describes the attempts
L; at relating 1352 reliability/availability statistics to flying hours.
;} A continuation of the fallure rate analysis is given in Chapter 1V where
' Sample Data Collection data and demand data were considered. Alternative causal
variables are also discussed in this chapter. The conclusions and recommendations

e are found in Chapter V.
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CHAFTER 11

RELATED STUDIES

2.1 Inventory Research Office

The Army as well as the other Services have in the past assumed a direct
proportional relationship between component failures for aircraft and flying
hours. This relationship has been indirectly tested by IRO in several pre-

. viously mentioned studies by comparing forecast algorithms with and without
program (flying hour) adjustments using actual demand and flying hour histcry.
In each case the program dependent algorithm worked best. Additional atte .o
at IR0 to statistically compare flying hours with demands using regressior
techniques have not been very successful due to a problem of relating dema

to specific usage and aircraft.

2.2 Boeing

Maurice Shurman of the Boeing Corporation [13-15] studied failure data on
various fixed wing jet aircraft. His initial work included time to failure
analysis on six aircraft (F-106, E-3A, B-52, F-4, C-141, 707) where he noted that
a high percentage of the fallures occurred early in the flight or sortie. By
plotting these data with a common format relating percent of total failures per
sortie against time to fail as a percent of the nominal sortie length for each
system he generated a family of curves whose bcunds were similar to those

shown in Figure 1.

1.0 Upper Bound

.8 1

Relative Accrual of Failures
o

o .1 .2 .3 .4 .s ‘6 .7 .8 .9 1.0

Relative Sortie Times
(t/T)

Figure 1. Common Plot
8
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Using these curves he generated reliability equations. He confirmed his findings
with other jet aircraft including the C5-A, Cl4l-A.

% His results indicate that sortie length should be considered when devcloping
i failure estimates, i.e., an increase in sorties per flying hour would result in
an increase in failures per flying hour. This conjecture if true for Army

helicopters would impact many areas such as contingency planning, reliability

estimates and demand forecasting.
2.3 Air Force

COL Chris Shaw of the Air Force [13]}, in his analysis of C-5, C-130, C-141,
and P-3C aircraft, claims that both sorties and flying hours affect failures.
His model combines the faillures due to start up, landing, and steady state

flight in the following linear manner:

Y=A+BR (X-1) + C !
where

Y fallures per sortie

<
L]

o
n

failures due to start up of the sortie

B = steady state fallure rate during cruise (failu_es per flying hour)
C = failures due to landing of the sortie

X = sortie length in hours

He confirmed his model by plotting and regressing average fallures per

sortie against sortie length. He deleted short sorties (less than one hour)
from the regression and made a point estimate of these observations. His data
did show a non zero intercept indicating the sortie effect. Figure 2 compares

Shaw's finding with Shurman's.

2.4 Institute for Defense Analyses

P. B. Buck of the Institute for Defense Analyses [1] has compared maintenance

3
r

man-hours to utilization rates for the 6th and 7th fleets for the A-6E, A-7E, F-4J,
and F-14 aircraft. He used multiple regression analysis which included the ex-

planatory variables: utilization, flying hours, sorties, and dummy variables

H indicating different groups. His preliminary findings indicate that utilization
rate (hours flown/hours available) has a much greater impact on faillures than
do sorties. This relationship is hyperbolic in function with failures per flying

& hour decreasing with an increase in flying hours per month for the aircraft. Hence

the assumption of a constant faillure rate (failures per flying hour) is incorrect

9
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FAILURES PER SORTIE

4 6 8 10 12 14 16

FLIGHT HOURS PER SORTIE

we === Shurman's Model
cew-ss= Constant Failure Rate Model
————— Shaw's Model

E Short Sorties

Figure 2. Comparison of Failure Models
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and should be adjusted to reflect the utilization of the aircraft. This
implies that a small peacetime utilization would generate a larger failure rate
estimate (failures per flying hour) than would be expected during wartime where
the utilization would be greater.

2.5 Others

Linda Cavalluzzo of the Center for Naval Analyses [3] has demonstrated in her

preliminary work using Fl4-A data that the number of sorties and the number of flying
hours flown in given periods were highly correlated. She developed a linear
relationship between failures and flying hours using an econometric method (two
' stage least square). (This method eliminates the secondary dependency that fail-
N ures have on flying hours.) Her equations show a more severe slope on flying hour
(approximately 1) than did the normal least squares estimate.

H. Campbell of the Rand Corporation [2] conslidered seven other operational

variables and concluded that only flying hours should be used to explain demand
variation.

T. S. Donaldson and A. F. Sweetland of the Rand Corporation [5] studied
the relationship between maintenance manhours and aircraft flying hours. Their
findings were mixed across the various systems studied and the analysis was
confounded by mission type variables.

G. Walker, D, Wilson, and D. Hindes [19] of the Boeing Corporation did an
extensive study for the Air Force Human Resources Laboratory where they estimated
the maintenance impacts of various characteristic parameters of the design,
operational, and natural environments of the subsystems of various aircraft.
Separate models were developed using multiple regression techniques for 29
equipment types. Thirteen of these models included a sortie variable.

Martin Cohen in [4] cites other references, all who have had various degrees

of success in relating failures to operational variables.

2.6 Model Consideration

The work done by Shurman, Shaw, Buck, and IRO had the major impact on the
conduct of the study. Each model was indirectly considered and each explanatory
variable was investigated. The mode of evaluation was dictated by the avail-
ability of the data and the conclusions were somewhat subjective using data

analysis inferences.

11
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CHAPTER III

SORTIE VARIABILITY

3.1 Basic Questions

Since the referenced studies relating sorties to fallures were all done
using fixed wing aircraft data, a preliminary analysis was done to investigate
the statistical characteristics of sorties as applied to helicopters and other
Army aircraft. The basic questions of concern were as follows:

a. How long are typical sorties for helicopters as compared to fixed
wing alrcraft?

b. Does sortie length vary between aircraft, time, units, and scenario?

c. Is sorties variation sufficiently large to consider it as an explana-
tory variable?

d. 1Is there a difference between wartime and peacetime sortie lengths?

e. Are sorties correlated with flying hours?

f. 1Is utilization (flying hours flown/hours availlable) correlated with
flying hours and/or sorties?

g. Is reliability or maintainability affected by sorties?

3.2 Data Description

To help answer these baslc data questions, TSARCOM went into their archives
and retrieved '"1352 - Army Aircraft Inventory Status and Flying Time' records
from the early 1960s to 1982 for five systems: AH-1, CH-47, OH-58, OV-1, UH-1.
(Three years of UH-60 Blackhawk data were also collected.) These data are collected
routinely on a monthly basis for each tail number by unit at organization level.
The data contain flying hour and sortie information as well as maintenance
and availability statistics. Appendix A contains sketches of these aircraft.
Since the study deals mainly with failures (demands) as seen at the whole-
sale level, the data were collected in terms of quarterly aggregate statistics
which are described in the next section. During the war years, the data were

separated into Vietnam and Non-Vietnam (worldwide) categories.

3.3 Data Variables

To determine a profile of usage for each system, 16 variables or statistics
were computed for each quarter of available data. These statistics give the

number of system and units fielded, the gross number of flying hours aund sorties,

12
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the average and standard deviation of usage (utilization) per aircraft (tail
number), the average and standard deviation of sortie length, and attempts at
reliability and avallability measurements. The definition of each variable is
found in Appendix B,

3.4 Time Series Analysis

The initial analysis consisted of time series plots of each variable with
Vietnam data superimposed on the world wide (excluding Vietnam) series. These
graphs are found in Appendix C and will be referred to as "time series plots"
throughout this report. Averages and standard deviations of the plotted (non~zero)
qusrters are included for both Vietnam and worldwide data.

The following is a 1list of observations gleaned from the time series
statistics:

a. The average and coefficlent of variation of the two sortie length
variables (average duration of sorties, average duration of sorties by aircraft -

refer to Appendix B for definition) over the time series are given in Table 1.

TABLE 1. SORTIE DURATION (HRS) '

AH-1 CH-42 OH~58 ov-1 UH-1
AVG COEF-V AVG COEF-V AVG COEF-V AVG COEF-V AVG COEF-V
AVERAGE ] WORLDWIDE .33 .20 .30 .19 .33 .16 .86 .14 .32 .16

DURATION

OF
SORTIES | VIETNAM .57 .23 <34 .12 .38 .28 1.66 .15 .34 .12

AVFRAGE | WORLDWIDE .30 .35 .31 .19 .37 .76 .79 .21 .34 .20

DURATION|
OF
SORTIES |VIETNAM .56 .32 .34 .30 .39 .32 1.56 .20 .38 .15
BY

AIRCRAFT

From these data we see that the sortie durations are quite a bit shorter for the Army
alrcraft than those experienced for the fixed wing/jet alrcraft cited in the ref-
erenced studies. The coefficient of variation (ratio of standard deviation to
average) 1s approximately .20 between the quarterly averages which give a range
of + 60 percent (3 Std. Dev.) of the reported average of averages. Thus for a
typical average sortie length average of .30 hours, the actual quarterly average
may range from .12 to .48 hours. For a given 1000 flying hour program, the actual
range of the number of sorties per 1000 hours may be between 2083 and 5555 and may

13
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have significant impact on the number of failures per flying hour. This table
also points out that the average sortie during Vietnam was longer for
each aircraft than that experienced on the Non-Vietnam worldwide average and
quite a bit larger for the AH-1 and OV-1,

b. Table 2 compares the average quarterly (averaged over all non-zero

quarters) flying hour program for each type of aircraft. These data are non

. stationary and follow trend lines and hence maximum values will be given with

;' each average as opposed to standard deviations. Minimums are not given since

-y

they are quite low and indicate the initial build up of density.

TABLE 2. FLYING HOURS (PER 3 MONTHS)

AH-1 CH-47 OH-58 ov-1 UH-1
‘ AVG MAX AVG MAX  AVG MAX AVG MAX AVG MAX
[ WORLDWIDE 13,908 35,000 10,517 16,000 60,913 120,000 5,706 7,000 166,923 250,000
VIETNAM 46,686 90,000 31,661 60,000 21,943 45,000 10,301 20,000 298,648 500,000

Cank AN

Except for the OH-58, the hours flown in Vietnam are two to three times greater

than those flown during worldwide non Vietnam wartime missions. Thus if the straight
line assumption about faillures and flying hours is correct, then we will need two to
three times more spare parts to support a conflict similar to Vietnam than to sup-
port peacetime activities. Note also the maximum Vietnam flying hours were on the
magnitude of from four to six times the peacetime average.

c. The flying hour program reflects to some extent the density of items
fielded. The density comparisons are showm in Table 3. Again maximum values
are given instead of standard deviations.

TABLE 3. DENSITY

AH-1 CH-47 OH-58 ov-1 UH-1
AVG MAX AVG MAX AVG MAX AVG MAX AVG MAX
WORLDWIDE 569 1100 296 500 1569 2300 151 230 2668 4800
VIETNAM 317 560 227 325 159 300 63 100 1539 2500

The averages are somewhat misleading due to the density buildup over time. The
comparison of maximums can be used to determine how much of the total density was
fielded in Vietnam during its peak period. (Note World maximum occurred after the

Vietnam war and reflects total density of equipment.) Hence for the AH-1, CH-47,
14




OV-1, and UH-1 approximately 50 percent of the total density was deployed in
Vietnam at the peak but these aircraft flew three to six times the normal peace-
time flying hour program. (Note:worldwide does not include Vietnam during the
war years.)

d. Usage or utilization rate combines the flying hour program with density.
Tt ccmpares by tall numbers the total hours reported on the unit's property book
with the number of hours flown (ratioc) during the same period. Thus from the
last two remarks 1t 1is not surprising to see that the Vietnam utilization is much

greater than peacetime. Table 4 shows these differences.

TABLE 4. UTILIZATION - USAGE

AH-1 CH=-47 OH-58 ov-1 OH-1
AVG MAX AVG MAX AVG MAX AVG MAX AVG MAX
WORLDWIDE .01 .02 .02 .03 .02 .07 .02 .03 .03 .05
VIETNAM .07 .10 .06 .09 .07 .08 .07 .10 09 .11

The peacetime utilization is relatively constant at about 2 percent but the
Vietnam data reflected a build up from 6 percent to about 10 percent. If Buck's
findings are true for Army alrcraft then the failures per flying hour rate for
Vietnam (excluding combat damage) should be much smaller than those experienced
during peacetime. Unfortunately we don't have data to test this hypothesis.

e. Fven though our main interest in the study dealt with aggregate variability
we also measured the variabillity between aircraft (tail numbers) by computing
standard deviations within each quarter for a few of the varilables. The time series
of these standard deviations are found in Appendix C. Table 5a relates the average
stardard deviation to the estimated overall mean by giving the coefficient of

variation for each system for usage and sortie duration.
TABLE 5a

AVERAGE COFEFFICIENT OF VARIATION OF USAGE

AH-1 CH-47 OH-58 ov-1 UH-1
WORLDWIDE 2.00 1.00 1.00 1.00 1.00
VIETNAM .60 .70 1.60 .60 .55

AVERAGE COEFFICIENT OF VARIATION OF SORTIE DURATION

WORLDWIDE 1.20 .93 1.00 .90 1.0
VIETNAM .67 1.1 .60 .50 .76
15
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These high coefficients of variation indicate that the individual helicopter's
experience may be quite different from that reported by the quarterly averages.
Presently the variability within the aggregate is not considered when forecastiny
wholesale demands. If this variability as shown in the table is attributed to
causal differences such as unit, mission, geography, then forecasting separately

for homogeneous subgroups may be worth considering.

3.5 Regression Analysis

The analysis of the time series data indicated that utilization, flying
hours, and sortie lengths exhibit enough variation to be considered as explanatory
variables when predicting failures. Since these variables are associated with
each other, regression analysis (ordinary least squares) was performed to de-
termine if these variables are sufficiently pairwise independent to be considered
simultaneously in a failure rate model. The author considers for this study vari-
ables with correlation coefficients of greater than .85 to be statistically the
same (i.e. each variable contains the same information). The regressions considcred
are as follows:

Total Sorties vs Total Flying Hours

Total Flying Hours vs Density

Average Use vs Total Flying Hours
The scatter diagrams of these data are found in Appendix D and E. Table 5.b. con-
tains the estimated correlation coefficients. It should be noted that all lines

were fitted with an assumed zero intercept.

TABLE 5.b. ESTIMATED CORRELATION COEFFICIENTS

AH-1 CH-47 OH-58 ov-1 UH-1
SORTIES WORLDWIDE .92 .86 .98 .86 .86
Vs
FLYING HRS VIETNAM .97 .97 .99 .98 .98
FLYING HRS WORLDWIDE .87 .65 .82 .38 61
Vs
DENSITY VIETNAM .96 .95 .97 .95 L9k
USAGE WORLDWIDE -.43 -.05 -.09 .61 .0t
FLYING HRS VIETNAM .94 .91 .73 .56 ‘93

The following is a list of inferences drawn from the analysis,
a. The total number of sorties flown 1is highly correlated with total hours
flown for the data sets considered. The estimated slopes of the regression line:

are given in Table 6.

16
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TABLE 6. SLOPE ESTIMATES SORTIES VS FLYING HOURS

AR-1 CH-47 OH-58 ov-1 UH-1
WORLDWIDE 2.9 3.2 2.9 1.2 3.1
VIETNAM 1.6 3.0 2.8 .57 3.0

This table is consistent with Table 1 where the average sortie lengths were

compared. (Note: Total Sorties = Slope x Total Flying Hours

Avg Sortile Length = 1 : Slope)

s Longer duration sorties are flown during wartime conditions particularly for the AH-~1
i and 0V-1. Within each class sorties and flyinj nours are the same predictor variables
kll due to the high correlations but the effects of flying hours on failures may be

E different between the data classes because of the various slopes found between the

. classes. Shurman's model would project different failure rates (per flying hour)

L;: for those cells with different slopes.

b. Density is currently being used as a program factor in forecasting

}n: failures for other than alrcraft systems. Appendix D shows a high correlation

within each data class between total flying hours and density. The estimated

slopes of the regression lines are given in Table 7.

TABLE 7. SLOPE ESTIMATES FLYING HOURS VS DENSITY

AH-1 CH-47 OH-58 ov-1 UH-1
WORLDWIDE 23 30 37 32 51
VIETNAM 156 140 143 150 182

There are extreme differences between the slopes for worldwide and Vietnam data.
For the AH-1 we would expect to fly seven times the number of peacetime hours
for the same density. Hence if the straight time flying hour model is correct,
but density were used instead of flying hours to forecast lemand, the wartime
¢stimate would be too low.

c. Utilization did not correlate well with flying hours using worldwide
data; the plot was nearly horizontal. The Vietnam data did show a higher correla-
tion which probably reflects the different intensities of the war. Table 4 from

the previous section shows the differences in utilization between the data cells.
Utilizaticn as a variable may capture the effect of a wartime scenario and should
i’l he considered in the failure rate model.
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In an attempt to get a picture of fallures from the 1352 data, quarterly avail-
ability and reliability variableas as defined in Appendix B were computed from the
maintenance and supply down times. The reliability (inherent availability) variable
measures the percentage of time each ailrcraft would have been available if only main-
tenance time was considered when computing down time. Similarly the availability
variable measures the percentage of time each alrcraft was actually available with

both maintenance and supply down time being considered.

These failure related measures were regressed against total flying hours,

&: sortie length and usage. The scattergrams and statistics are included in
Ef Appendix E. The 0OV-1 was the only fixed wing aircraft in the analysis and was
ﬁl also the only aircraft with a consistent (but relatively low) positive correlaticn

between the failure measures and both usage and sortie length. Hence it is
questionable whether the findings from the fixed wing aircraft studies are appli-

cable to helicopters.

*
Additional regression analysis was done between sortie length vs flying

hours, sortie length vs usage, and usage vs flying hours. These statistics

are found in Appendix F. 1In each case the correlations were low for all the data

sets implying the palr wise independence between these variables.

3.6 Findings

Within each data subset of the 1352 analysis (system and scenario) the number
of sorties flown was highly correlated with the total flying hours (statistically
this implies the two variables contain the same information). The estimated
slopes which reflect sortie length did differ between a few of the data cells
and this difference should be considered in the model building as a cell effect.

The other variables, sortie length and usage, were shown to be individually

uncorrelated with flying hours and with each other. These variables could bc

included in the model without causing any multl collinearity problems. (Note
sortie length and cell effect are related and including both may causc problems
with the model structure).

Failures in terms of reliability and availability as defined in this study did

not correlate well with the explanatory variables, and this lack of corrclation
" raises questions about the credibllity of a failure rate model.
;- Additional failure rate analysis is given in the next chapter.
4

*
Sortie length should not be confused with the number of sorties which was
evaluated in Section 3.4.

18
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CHAPTER TV

FAILURE RATE ANALYSIS

4.1 Introduction

Since the model would be used at the wholesale level, aggregate failures
were of main concern. The 1352 data files contain maintenance down time but
this included scheduled maintenance which 1s done on a flying hour basis and
would confound any analysis done with it. Other aggregate data sources were
not found.

Another source of data was Sample Data Collection (SDC). This might be
considered micro data in that it gives historical information on a few selected
aircraft from particular units. The data contain only unscheduled maintecnance
along with monthly flying hours and sorties. Tt does not contain the aggregate
dimension cof variability that would be needed for an experimental design analysis.
Arn analysis of SDC, Blackhawk, data is glven in Section 2 of this chapter.

An indirect way of measuring aggregate failures is to look at the demands
for repalr parts at the wholesale level. The IRO has a history of this wholesale
data for Army aircraft. The data were of limited use because of the problems
encountcred when trying to relate the demands to specific aircraft types. Further
discussion and analysis of this data is given in Section 3.

In discussing this project with aircraft engineers, maintenance personnel,
and data collectors, it was of consistent opinion that sorties do have some effect
on faflures. They also mentioned many other causal variables that they felt may
have a preater impact. A synopsis of these discussions is given in Section 4.

Section 5 contains a subjective summary of the failure rate analysis.

4.2 Sample Data Collection

In an effort tco determine if SDC data as '"Micro data' could contribute to

"

the "macro analysis," data collected during the Bright Star Exercise were analyzed.
The dJdata consisted of monthly non-scheduled maintenance events, maintenance hours,
flying hours and sorties for each of fourteen Blackhawk helicopters for three
months vielding approximately 42 observations. The analysis was similar to the
regression experiments done with the 1352 data.

The scattergram of the number of sorties against flying hours 1s found in

Appendix CG. The correlation was high and the slope of 3.7 was of the same gross
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magnitude as the slopes observed (worldwide - peacetime) with the 1352 data.
Aprendix ¢ also contalns scattergrams made in an attempt to relate failures
The varlables considered were:

to sorties or flying hours. events per flying

hour, number of maintenance events, and total maintenance hours. 1In each
case the correlation of the variable with sorties and flying hours was extremcly
low. This analysis does not support the failure rate/flying hour -~ sortie
model.

Additional work was done with quarterly SDC data taken from the summary
reports. The analysis not presented here gave additional evidence that sortics
are correlated with flying hours with a slope of approximately 1/3. Again thoere

was no evidence to support the fallure rate vs flying hour or sortie model.

4.2 IRO Demand Data

Since the results of the study are to be applied to demand forecasting,
the most natural data base for the fallure rate analysis is the IR0 TSARCOM de-
mand data file. As mentioned in Chapter 1, these data have been used in previou
forecasting studies where the results indicated the favorable use of flying tcurs
when predicting demand for replacement parts.

The file consists of quarterly demands for approximately 22,000 items from
the years 1967 to 1982. Martin Cohen [4] describes the first use of the data
base and gives a subjective analysis of the relationship between flying hours

and demands. In [6], Sally Frazza gives a comprehensive description of the data

along with the processing decisions that had to be made in creating the data file.

There are several problems with the data that precludes its use fcr model
building. The 1352 data indicated that the biggest difference in sortie length
occurred between the wartime and peacetime periods. The demand file zlsc shows
a substantial difference in demands but these demands are for both combat damage
and failures hence confounding the analysis. Another consideration is that the
data contain many "common items," i.e. items that are common to several systoms.
Identificatlion of demand to a particular system is not gilven in the data basec.
In Cohen's study he picked selected items unique to particular systews and with
these groups of items showed a definite relationship between demands and flying

hours.

20
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Figure 3 shows a time series of aggregate demand for 12,148 actually
demanded items from the years 1967 to 1977. This compares the magnitude of
demands between the peacetime and wartime periods. Since the demands during
war were three to four times that during peacetime, these data do not conflict
with the failure rate model but further detailed analysis and model building is
not possible due to the previously mentioned constraints of the data. Thus the
best we can say 18 that the demand data file is consistent with the flying hour/

sortie models but does not support rigorous model testing experiments.

4.4 Other Variables

In discussing this project with Army helicopter experts (engineers, pilots,
maintenance experts, data collectors) it became quite apparent that other variables
would have to be considered when evaluating the effects of sorties and flying
hours on failures.

First off, the notion of sortie would have to be qualified by the types of
takeoffs and landings. Takeoffs may be classified in the following ways:

a. Vertical and angular (to various degrees).

b. Full power and constrained power.

¢, Maximum payload and minimum payload (crew and fuel).

d. Cold startup and continuation of mission.
Similarly landings may be classified as:

a. Autorotations (emergency landings with the engines stalled - these are
practiced as part of the training program).

b. Hovering (where the aircraft doesn't quite touch the ground but stays in
one location for loading or unloading).

c¢. Running (where the aircraft comes in from less than vertical descent).

Flying hours would also have to be classified according to the types of

;jj mission as follows:
- a. Nappe of the Earth (where the alrcraft flies at tree level with extreme
Fii power surges to lift over obstacles).

b. Contour/low level flight (various altitudes).
c. Welght variation.
- d. Special considerations.
'. Other conditions would affect failures. These include geographic conditions

such as: sand, alkaline, ice, and snow, along with environmental conditions

S such as moisture, rain, heat, cold, and volcanic ash.
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Subsystems react differently to the mentioned classes (e.g. nappc of the earth
flying would impact the engine system differently than it would the clectrical
systems) and should be considered separately when developing a failure rate model.
The failures themselves are inherently different. They may be caused by age,
malfunction, accident, improper use, stress, combat damage, or neglect. Fach
of these factors may confound the effects of sorties and flying hours and should
be appraised during the analysis.

Another problem in dealing with faillures 1s the association of the failure
with a specific sortie or mission. Very seldom are failures detected in flight;
most of them are observed during inspection (daily, pre-flight, post-flight) or
during routine or scheduled maintenance. In either case the specific time intc a
flight or sortie of a failure 1is not observed and 1s lost for the analysis. Herce
stress of takeoff and landing cannot be directly measured.

The mentioned considerations lend themselves to a classical experimental
design where each of the factors would be controlled or blocked during the ex-
periment. Such an experiment would be extremely expensive and is beyond the
scope of this study. The lack of such a control of the environment precludes the
development of a fallure rate model per se and puts emphasis on developing gener:l
relationships gleaned subjectively from the aggregate data. The next secticu

summarizes these subjective observations concerning failures.

4.5 Findings

As mentioned in the previous section there are many variables that may affecct
failures in addition to sorties and flying hours. Many of these are related to
the variable in question and theilr effects would be difficult to differentiate
without an extensive experimental design effort. Since the results of this study
are to be applied to demand forecasting at the wholesale level, the environmental
variables in terms of the aggregation may not vary much over time except possibly
between peacetime and wartime periods.

The 1352 failure data (reliability/availability) as analyzed in the previocus
chapter did not correlate well with gortles, flying hours, or utilization. Similar
analysis using SDC data for a single unit resulted in the same finding.

The IRO demand history file showed more demands during the Vietnan e¢ra than
during peacetime. This corresponded to an increased flying hour prograr but the
relationship was confounded due to the fact that many of the demands werc generated

from combat damage and other wartime conditions not directly related to flying hours.
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CHAPTER V

CONCLUSIONS /RECOMMENDATIONS

5.1 Summary of Findings

The analysis presented in this study was done primarily on aggregate
information. The direction of the study was dictated by the availability of
data and many of the suggested models developed by others could not be directly
tested. By looking at worldwide (peacetime) and Vietnam (wartime) data it was
apparent that sortles for Army aircraft were quite a bit shorter in duration and
less variable in absolute terms than those observed in earlier work done on fixed
wing jet aircraft. This short duration of helicopter sorties made it impossible
to detect any fallure time pattern as demonstrated by Shurman.

Analvsis of about 20 years of 1352 flying hour records for five aircraft
consistently showed a high correlation between the number of sorties and flying
hours. This finding was corroborated using three months of SDC data on Blackhawk
helicopters collected during the Bright Star exercise.

The correlation analysis of the 1352 data was dore separately for the wartime
and peacetime data. For each of the four helicopters tested, the slope was
e«timated as approximately 3 (assuming a zero Intercept, Slope = number of sorties

flving hours) except for the AH-1 wartime data where the slope was estimated
as 1.6 (longer sorties during wartime). For the OV-1 (the only fixed wing aircraft)
the slope was 1.2 for peacetime and .57 for war also indicating longer sorties
during war. These differences in slopes between systems and scenario indicate that
1f sorties do have an impact on falilures then a different flying hour model should
be used for different alrcraft and scenarios, or sorties should be included in
the model.

Another difference seen between the wartime and peacetime data was utiliza-
tion. The utilization rate for wartime was three to six times that of peacetime.
This difference 1in utilization should be considered for contingency planning.

Due to the paucity of fallure data per se, several indivect methods of
relating failures to flying hours and sorties were investigated. Using both 1352
reliability and availability statistics, there was no correlation found between
these varlables and sorties, flying hours or utilization. Similar findings were
demonstrated using the SDC Bright Star data where maintenance events and maintenance
manhours were regressed against sorties and flying hours. The TRO wholesale

demand data did show increased demands for increases in flying hours but the
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causes of increase in demand were confounded by wartime effects. Several other
IRO studies indicated that the use of flying hour data improved the forccast
for individual item demand at the wholesale level.

During the course of the study several Army aircraft experts were contacted
and they all suggested that other factors such as mission, enviromnment, and geo-
graphic location may have a greater effect on failures than do sorties and flying
hours. The Boeing study [19] addressed these factors using Air Force data. Thesc
results suggested 29 different models to be used separately for different high
failure equipment. Each model considered (multiple regression) as many as 54
explanatory variables. Results of thils complexity would not be useful in the
context of forecasting demand at the wholesale level. No additional analysis was

performed on this topic.
5.2 Conclusions

This study was not able to show any relationship between faillures and flying
hours, sorties, or utilization. The data were limited in that other causal effects
could not be removed from the analysis nor could the explanatory variables be con-
trolled adequately to statistically quantify the study's findings. Other IRC
studies did demonstrate the favorable use of flying hours in making demand fore-
casts and the lack of results of this study should not be construed as negating

these findings.

5.3 Recommendations

The following is a list of recommendations based on the findings of this study:

a. Until stronger evidence is found to support the study findings, continue
to use flying hours as a program variable for demand forecasting.

b. Continue to search for failure data where sortle, flying hour, and
utilization effects can be statistically appraised and a failure rate model de-
veloped.

c. Contingency planners should be aware of the large differences iun utiliza-
tion observed between the wartime and peacetime data. Additional work shoulc be

considered where a usage model similar tr Buck's [1} could be studied.
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APPENDIX A

AIRCRAFT USED IN STUDY
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APPENDIX B

DEFINITION - 1352 VARIABLES

Data Elements Definitions

Density The number of aircraft reporting data within
the quarter.

Number of Reporting Units The number of units reporting data within
quarter.

Total Flying Hours The sum of all hours flown within the quarter.

Avg Hours On Hand The average hours on hand per aircraft for
for the quarter.

Standard Deviation of Standard Deviation of (d).

Hours On Hand

Avg Usage The average (flying hours % hours on hand)
per ailrcraft for the quarter.

Standard Deviation of Usage Standard Deviation of (f).

Total Number of Sorties The sum of all landings reported within the
quarter.

Avg Length of Sortie(Dutration)c : h (Total Flying Hours : Total Sorties)*

Avg Length of Sortie by The average (flying hours : number of landings)

Aircraft (Duration) per aircraft for the quarter. **

Standard Deviat ,n of The standard deviation of (3).

Length of Sortie by Aircraft

Avg Reliability The average ({hours on hand - hours not mission
capable due to maintenance) ; hours on hand)
per aircraft for the quarter.

Std Dev of Reliability Standard devirtirn of (L).

Avg Availability The average ((partial mission capable + full
mission capable: ; hrs on hand) per aircraft
for the quarter.

Standard Deviation of Standard deviation ot {(n).

Availability
Number of Autorotations The sum of all autorotations reported within

the quarter.

*
Fleet Ratio
*k
Average Ratio of Each Tail Number

29
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APPENDIX C

1352 DATA TIME SERIES

Variables

Density

Number of Repexrting Units

Total Flying Hours

Avg Hours on Hand

Standard Deviation of Hours On Hand
Avg Usage

Standard Deviation of Usage

Total Mumber of Sorties

Avg Length of Sortie

Avg Length of Sortie by Aircraft
Standard Deviation of Length of Sortie by Aircraft
Avg Reliability

Std Dev of Reliability

Avg Availability

“tandard Deviation of Availability

Number of Autorotations
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APPENDIX D

1352 PROGRAM DATA

REGRESSION ANALYSIS

Y VARIABLE X VARIABLE
(DEPENDENT) (INDEPENDENT)

TOTAL FLYING HOURS DENSITY
TOTAL NUMBER OF SORTIES TOTAL FLYING HOURS
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APPENDIX E

1352 FAILURE DATA

REGRESSION ANALYSIS

Y VARIABLE X VARIABLE
(DEPENDENT) (INDEPENDENT)
RELIABILITY USAGE
AVAITABILITY USAGE
RELIABILITY LENGTH OF SORTIES
(BY AIRCRAFT)
AVAILABILITY LENGTH OF SORTIES
(BY AIRCRAFT)
RELIABILITY TOTAL FLYING HOURS
AVATLABILITY TOTAL FLYING HOURS
AVAILABILITY RELIABILITY
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APPENDIX F

CAUSAL VARIABLES

REGRESSION ANALYSIS

. Y VARIABLE X VARIABLE
(DEPENDENT (INDEPENDENT)
USAGE TOTAL FLYING HOURS
1 LENGTH OF SORTIES TOTAL FLYING HOURS
(BY AIRCRAFT)
LENCTH OF SORTIES USAGE

(BY AIRCRAFT)

33

~ e A " A S U U Y R P W T -J




proawm = - - o——

Cot. SHU58C - oo T 0T pB02ueIIIC Y £¢
ancLseLc sy - o
[R TS T AN A AR BN - R To) T _yc
*onocy *o00uw ‘oncos 07 2 " G002 “gn0at crene

P R X £t PR

B

3

3

1 »

4 . . ok ek M

3 L . e X R RN .

| «- ¥ = » 4 = =

i . . . v
I

+ -
b .
3 o
3

3

]

{

3

8

3

+

3

3

3

1

]

3

'

3

l

+

3

]

3

i

3

3

i

3

3

[ R S b L P e

GG= TLR0 <0
SyNTr ONT1ATY IVICL
ITvSN 3ITvYIAY

SRt Aad k]
VAR
s

el

S PRSPPI T oY, R _

R S it T P Bl o D T it

TON

L3003 L B B 0
Tl =Z-ed
. - 28T i-d o
e Swidt )
E T Es ¢
=4C O ISCINTSY !
TN wACHY .
selals o d

n3zo*

Aal

LoD

00p2° .4

0¢90° .

Y e e v T et h v v T T T e A o v e e 4t e e e e
o
o
o

z0O
2

GG o
3BT ITAX "4
=3IV INYAR .4
L

1-+v=WN3ISAS :




<

.

<

(A It e Tl 3

T

S

T

]
’
JENTTIrEELSLI0000G" =153 (1)@ “
ZZ-0SovELPEPE " =153 »u0D 68LE8GQ0VOGEZD” ) £9g0g.ccT21 " 68 =C*»Y )
COCLIES3Le 0L, =1€3L~-4 .
9zZGLE =55 X4 =:G 1101 B
LETLOILIPYESS0OCO” ] TESEPPOLESIZ L =SS 44 =40 Ivrgis3y g
60P9SCETTLESGO” =sW 80r9G636CZLC0ED T =Cs * =30 NCISS3INO3Y
316v) vLONY !
020091 ‘0009v "ocooci Q0001 ‘00008 00009 00000 00002 e !
b e et ——— e B T TEpUpHpRPIY et e e et e ===s 000070
3 1 [
i { .
' i )
t 1
! a i
3 1 )
! | !
3 » 1
l i 1
M +00%0° b
} !
! e = |
L - » i
i - i
3 L t
} - i
3 = - - } :
' . - t -
1 | k
N * +7080° 9
3 - i 1
! « . ~ 4
l -~ i { .Ai
i - { P
' 1 1
' ¢ 1
ﬁ F -A
|3 1 N
i i ;
+ +00T4 " " 1
} . .
3 1 N
t . o
1 b u
3 t ‘4
| ) -
I 1 .h
l i .u
F w d
L bt L e b rrmcmcrm et - R el Y 0 To]- E O P
TT. oI 30 LM IR ,@
SMToe CRNTATS vi0L =ITEV L TAN g
PG ITVHLAY STV Y N
LertnILs s -]

: .lmn.Llu.n o -‘H '»,. TR -« BRI SRS MR RCD RN 4 SRNE NI




- P I F1T . LG /
“ N e . - . L P
I B2 S T z - . <
¢ . PRSI -
R Aol o cen PR el e
. P .., N .. N R A
E anreEE It 3 o U y
revig. 2. .- : . =28 e SzmLzo -
e e . 4
TeTaze *QenRz o000 0T. 07 o009 el Al Selt] Lo ¢ i
S S g g S L et e RN St el AR I o] A
b
: 1
1 !
3
. s # = .
aEEE T - i
*a wgy > 3
= - - i
. +0020°
- L]
* » - » v‘
» L3 - - L
. 4
- - ™ P
* = s = . d
»
. o

4
O
Bl
(]

R i N T o T i e
_—

o
(24
«©
o

— e v b — -

S
B R it L Rt TP L PSP RPN PSR P YU T runpppsrrany Supssspupeenpap e QS Ts] [o R
Sa= "SAG 40 -ON 301#QTI5CH 4
cra0- ONTATS TviCL 2378V AX g
307SP IOVHIAY S8V I8V AA
CoRI=WILSAS .@

o r r r e e o T e T T o T T e e e e v e v — -

"




ZLEO1B31rS6S2100006" =163 (18

C6YCEOPIBEBIG: =1S3 ¥HCO 199b8ZTSLSTLOZL” 5 5T0GL9G8CGD " 06 =Cx*Y N
LESTISI03E T =1S31-4
. tsrett” =SS T4 =4G TviOL
: 968p0891ZvSZroCcO " =SI CTELEGBEISPIILO” =SS LT =40 IvnglIs3y
L' 83Z9P 19 AEEQ: - =SW 89C9v19rcER0L " ~G¢ "1 =40 nnISS3Iyo3N
. 1I6VE wADNY
‘00008 *0000L 00009 ‘0c00s *0000p T0000€ ‘Ccoooc *000CH ‘0 ‘
L T PP U Py VU e SR Uy S S N T XX o I ¢
! 4
. . i s I
, i ]
3 !
) t i
3 3
3 i
. i » 3 .
1 . b ;
+ +0CPn°’ L
! * i
3 » * » * = | .
- { - Ld i K
$ ' i
. } . i
i - 3
3 . - 3 ...”
i . i A
{ A%k k : i 1
+ * &« - 40050° ng
3 « - i
i i < “
1 » b 1 2
: } ! B !
l 3 4
. 3 1 1
3 i -
. 3 l h
1 | 1
: + +00214°
3 1 ,
. 3 i y
) 3 I K
| ! )}
. 3 i ..
X ! } .
. i 3 -4
. { t o
' 3 } K
, G PP S chememc e e et e e et et e e = 400G * )
- g7 070 50 O SENIIIA - of
- Gk NTAT4 v 0l T3TEVIAVAY L
. 38T ITYYIAY SITOY Iy '
, Lo s3LIGAS .nm
]
’ ; s N ) ] . DA . N A R o “ . . Yy,
B, ' . e P . - AR ' ;




4
‘- . .03 oz <
VAR ELANTEICEE TowRLvueedgCctii, - L AR 4
T CERSR P
ortyzn e A SR -
Lo, TraLeleL I - CHITEINL30IT 0T Twrotozx
St GITATYGIArI0” L ZPG1Z0TYSsLt i =25 boosen noleC a3y 1
NSNS AR N | TorCoT. ToLL *oC2C8 BEeResaIet TCTTO0w et o
A e ————— e o e i e e et - r——— . o e - e - b — - —— [XaksTeks Rite! J
i :
i
<. " !
3 it B
13 4 .
i . . . . 4
i x » =« * }
. l . % - H
- I rxkEk . 3
ﬁ + i s s * » * +00CC"
w.. } = ~ * -
“‘, | - » = » H .
8 . » 3
8 s - i
1 = i 1
3 L 1
' . B 9
. 3 i
., 13 { 4
+ +00v3" !
3 i )
b ]
} ) :_J
t . bz,
3 sl
3 13
l 1
3 i
. ! i
+ S 000"
B 3 i
§ 3
| . 1
ﬁ t ! s
. ' :
. F ? .
| p _ ..
. i i
. L 1 ,
R ik i R T T U RIS PR SRy Y11 1A

- . gv= 'SRC 20 °ON JCIMQINOM
’ 2z si ENTATS viol =379V ILYAX .
303N ASVYIAY =318V ILVAA )

BGHO=W3ISAS "




- 1 -
W ¥
] T | )
L
[ ]
EOPCBLZALLLIZO000G” =463 (e 4
rCOELH618%53€L =193 uu00 19€9GGEGTHLSED” =S SH0IPEETHERG L =Tt 4
' BZI1GZLILLL 8 =1631~4 ?
8E€00ULD" =SS ‘i =30 Y10l ]
CARUIQPBBLEZLIND 800Z00€9P6L91C" =%¢ ‘gl =40 IvngIsy: 1
L66L669EE LD LEBL669EELZEYO =G$S it =40 NCISST * o
' 38w vAONY m
: *C0ovY ‘0009 ‘¢oost SooTan *000Z¢ toceee *0CCo! *00n3 e *
S O S Ve B sy o1 T ]
1 l -
1 I | _“
, } ! -,
' 1 4
i 1 ¢ 4
i t t 4
i ” ” 4
. t ; mu
3 M +000° L
. ' ! .
w. ' 1 A
! 1 b .
2 l . - . * '
|, 3 - « |
: 1 ! S
) ! . 1
g 1 - . * 1 A
3 1 ' A
s + . . +5080°
5 3 * * }
: \ : '
-.\ . L 1 % L
£ t i (4 .
a } i
L ' 1
L 1 '
5 I l
- ' !
- + +002Z1°
a i !
~ i . s
3 i }
s ) i
g i 1
f t : .
. \ | .
‘~. { | )
3 t :
-.. B R T R &.Illlvllllvl|x|'||Iv~l|l|lil|l+ll||!i..l|.a(lulllln&!illviVIlf.qu.—.
- IS 3¢ IR Ia T L L ITA .
R SR B E 7 e S2IRY  NYAY .
TG 3T vMIAY zaTapy e o




. V.. = L tCHLILTT P T LGElLGEGLy. T o .
. N |
. aranttc e
LR AT A 2% T Aainete I ) ZONSpLEenN LD -
LESBOELI»NBR1T" =S LES8oEIT0ET T =56

t0C0T ‘ONGLy oo 02T L0000} e TS “0N0G
f it e o e e e e et mem F R S Fe T s R
,.. _\ —

N !
. * _
A ) B
[ X . > 1
| L e _
‘ ' *®x wama » * A i

: 'yl IO .-n |

: *x = = « i
‘ : - +0020°
f — * » Y i
1 : L X ¥ - .h. Y i

I N . X
o w . w
! X , :
o — _v
o L X
4 l p
.. N +~0CcrG”
3 1 ,
L } . . -
. X 3 [}
, X : 0
3 . ,
b ‘ :
X 1 —
,. F —
, w :
. N +09590°
. N ﬂ

: 3
; 1 w
p 3 .
3 } X
. X :
T. i —
. ‘ F
i , ,
8 Dt e Tk VTP T P LS et m e c et e m b e e m b e m e m e et 000"
“ gG= °'SEC 40 "ON G IMQINCH

SH¥Cr ©NiATd Tvi0L =376V 18V A«

. TSN ISVEIAY =318YI1avAa
3 1-A0=IN3IL1SAS
p
}
g
‘~




LECSBYCRECBYSC0000” =153 (1)@ |
ZQTS3I0BLTLOCG” =1C1 2400 &pZLgLZTOiEQEC” =5 E6019220¢L°C28 =C=»Y -
CUEEDiZLe T eEL 215314 {
PASTH - e =55 K14 =40 Tvl0L o
19€1 825604815000 =5 1BLBL98HETLGZD " =<3 ‘8z =40 TYNCI1S3Y ']
cclzeeizgeie =SW TTICECIELZL St =38 l =40 NCISS3Y¥T3Y Ty
378v1 YACNY :
*0acee *eeose ooove Q0022 00091 ‘ot CCo8 *Q00¢v ‘0 k
g SO S et e et m e em=e==0000°0 !
i 1 .
i L )
i 1 b
3 1 . '
1 3 o
' 1
I i 4
3 . s 1
3 « *| K
+ 400p0” ]
8 s )
3 * a b
' . . . 4
3 x®° 1 L
} I q
l . 1 4
1 . v )
§ L | ,.
w - * w L
+ * - X - - +0080° ‘4
} + - i ¥
i * t
: ' i
3 . 1 =
' l
I 1 .
} : g
3 1 q
4 i
N +00Z1t" :
3 1 ‘
3 1 ¥
} ! |
! 1 .
' !
13 I\ R
! ' 1
1 1 ‘L
| '
H ommmmm e b e e e e [ S S S e - ey 2sTe1° RO y
ST e tWTiTy viol 1
ST 3T NEDAY -
P2iG4AC 3




~ . ew- —— - S e s e EEREE R LTTTTTUORETTR L R R e aCa T e —————— ——— - Y L o r— — -

ﬁ

»

!

'

—T - / ’ - - - [ I3 A

L . _ i o - .- - 4
! I Lrvl Lt . IRV < o0 D e R I ‘ T

' oo v S PPN ‘
* oo =T - R PReR!

2 e LIVl TN g TCL Nz e T - Tt TIf3:

] CELFE LY Su L€QuetLe. Tl =:< T s Nl T3uCIe '
ﬂ T0oCnen Q0TI 0200 RN TCoR0ze ’ N RS G SRR c '
3 L Fmm e e O U bmm s bRl .

»
*
.
e e e

cex*? u 2 &

+
(&)
(]
o~
Q

ata

e T e T T P S N iy U OO
.

l
L T T T SO PR R GNP PEpIY SO EUP PP I S pEpE (NI ¥ g1 o X o I S

p gae= °"SA0 40 °*CN JUIMQIHOM

B v v v e e vm v v Y v e e v e = P e v e = e o e e

L N

¥ CUTT-e TNTATY Y401 =3TEY T ~YAX
' TSN A0VHIAY =3REVIEVAA

L-HN=W31S8AS )

S
S




]

-~
i
'

t aadih Sl amh Senelh send

_ L-35.97F0ZEQELE"T =193 (L)€
CrortBEIQRLES " =183 #8020 OCEGEHI96LCL LT =S CE€SL2L6816) L8 =Lt
CEAN EWIN I A - =1$3.~4
‘ poLLZT” =SS TOn =3iC IVIoY
6195C1098Z001CC =€y r6Z90EY6728C6L0° =S¢ Y4 =40 TvNGIS2y
b LLEBASO1I 0SS LLEBQGO M “al T =SS 1 =40 LoIsszxT 3y
b 317vyL v ONY
k *0gCote *0G00vg 00008y Q00 De Toenoee ieIvialol 24 000091 t£eooe ‘0
i .”||IAIlrll...lilllltl|L.lllllllll+lll...0lll|&llll||lll+|l||l|l||¢|lt ...... l..lllllllll_.OOOU.O
g ) ' '
IA i 1 2
" _ \
3 4 .
3 3
” ,
I
F
: ! :
. + +00Yv0°
b b _
8 3
1 | ‘
. 3 n -
3 *» 3 k!
ﬁ. 3 = - 1 el
" : , _
- ﬁ i
1 - . : ;
+ . . +2080°
3 « - « i K
3 - % - 13 () q
3 - L ~ .
3 . IS 3 ! 2
F .
l - * x - t ,
3 . \ 1
' . ' .
9 i 4
H B . 4
X +002t° o
! ' N
i 1
” i '
” i
\ !
3 |
3 3
BT, PR S L S [ T S D g A 8Ll R K
. b TIET 0 T AN E
r. BN T4 V10l R - .
3 eoen gouNaay TITEYD wss .
: Lo 8T S8 .
- k
. b
't
9
g
L




v

i AR A e & o e i

TeLvEL N S 193 ld3083INI - A TR G b =053 3z207¢
M T =~
RS PR 2iSs NTIiv B TIZ Ll “Te
A R I S Sy -4
LTLTLZGR7 D! T et 4G Teny
! ' (ATt FAAR IR e Teg SRS ToenTeCH
! S3pRZSLLT -7 s b -5C TETT5EN 3
JTe e Ty
BT ARS Al oenng BN alalatend REARARA AN e lodom N "J
b - - m b . e rt mm et mt m e e m e ——————— e — o i m e B L R SRR R o1
3 »
1 i
i -
l !
3 - H
3 *e < - - b
} - B
i . . B
) ~ . }
+ - +0007°
4 L] - 1}
1 , = }
3 * b
| * » 3
3 . * . i
1 - . . . |
{ - - - - LY L
1 »y [ X »
{ . s i
+ v = - +000Y"
3 . . * 3
3 * * ' Hu
} 1 i
3 a I =
3 i
3 3
3 1
l ‘ 1
! !
+ +3209°
3 3
3 .
3 i
3 3
} i
3 3
} ‘
I 3
3 3
S S SPUPEY S SR SIS JNIUIMIPS AP DS ESRI [pppsupappms Sl Es 1 0

GG= "SA0 40 °‘ON 301N TE0%
SHATH DNIATY vi0L =27evigvAax
l4vdndgiv AG S3TLIy¥0S 20 i ONIT IDVYHIAY =3TEVIUVAA
L-tv:=WILSAS

«op o

P

.

T .



Ly T TR o Y -

LOEYSSibrLE00Y

PCLTHYOSHYLLED”
£g9sl12:.684C"

* 000091 0000V L ‘000021 *002°C

Fmmmr et r e ae et m - ——— - e~ -

e v v v T v h v e T b Y e YTt e —

=1S3 1d323¥3INI

ORANS Iy =183 NTilY

81818:£L9511LL

SN 83568E1063TCY” =4

LT LS
I.J.:vhﬂdj.

=SW €zo6L1lL8802°

l ‘00008 ‘00009

et e mmmaw et —— -

eNIATA ViDL

3T 3TN Ay

HTSOLECIEQORDD " =153 34C°S
CneCOIRZEGY L =S

z T LSS TR Ity =Z+*Y

GCCOITH3E5¢°C =1531-4
Ss g =43 Gv10l
$S ‘0 =30 IvNQIc3Y
=53 T =4Q NCI5S3INoIY

378ve viCONY
“Coocy *0000¢ ‘0

Hm et o= eo (0000

1
Y
i
[
l
)
1
+000Y°
3
- *
* » 1
- {
= » t .
i
i
t
L
+0008°
X ~
!
" T
' =
!
3
i
i
|
+0002° 1
1
i
i
{
i
i
i
!
e mmm e #0002
SUTos0 M LYNITIA
= ITgY I MYAX
th.md...r,.,»_

Ny e - ) )
-t .-\-by-L.l-r s a0 el uL caan s ad

4
4




co09°

e e e v f v e v

ﬁ EREE I TSI 5 ST 32778
o PR =<
. e PR =837 Wli.vieow .o 2 =Z. =
ﬁ P PR
s GeraLs -z 0E s awiClL
) SR e LN GEPGERnGT T T (i ! RO b
' A -GS CYGEISYC e JU0 G T e LT I€s A3y
T0l2’¢ "0CH EEAMRA *0u09! DA A< ] oo s
: e m e m— b= S Y S N L L e Tt e P Feisk o Jo R o @
[ . 4
w 3 3 |
v t : ..
s .
. ﬂ L h
r t ! L
3 | | p
-. 3 ~ * S p
A } R .
[ + s +000Z° 1
Y 3 = . .l 9
ﬁ. § ® ®x * = & = H .4
] 3 * A »* x » 4
. 4 [ < * M -
] ’ - * . * * * i .
w. [} * - pen¥ » | 1
3 3 x kakEH . LRI $ 1
Y 3 « L ™ | 1
8 ® % * * * - 3 p
+ * * +~ocot”’ y
3 " ﬂM
. 3 d B
F. ' (2 B
' 1 4 .
3
3
3
3
i
+
3
}
3
3
3
3
3
i
3
+

reecceecetcsacacccatamemamam—fm—em cmaemmdmmrmemcemtemcmemm = b mceccmc b mmac e~ ==+0008"

' to= "SP0 40 °ON 201 %5 TH0M

: S¥rO+ SNIATY viol =378V 1YYAX

' 14vudy1v A8 SIILY0S 40 #1DK3T IOVY3IAVY =378V I UVAL
LYKI=WILSAS




£68C01LLISAT0E " =193 143J43LINI 6aryZCOPSLEECiI00000° 2153 307§ Coe
Z150E80C00204° =S
GELPECLIIRAEPT” 2183 NOT1v138¥02 £0L6GLOVEQC6°S =T*sY .
B9CTLELLLS L =1534-4 Ce
LpLObL0OBCSALE " =56 or'd =340 avi0d
9eBYEIGEYHILOLO” ol 160.800T11COT” =SS 14 =40 IvNaIsS3y
L6Y9E£G9995119.0° =S LEPIESIYSiIvOLO’ =SS "t =30 NCIS<24934 K
3ICVL VADNY ¢/
*€0008 ‘00004 ‘00009 *0L00s ‘0000% *9000¢ *C0900T *G0OCH ‘0 N
D e T e R R Ly ¥ o+ s Lo .
3 i
3 i '
' ! K
l i 4
I - 3 .
I t .
3 x4 * * * = . {
{ * % - » & . » i .M
t * . an * xm - 1 A
+ » e 40000 "9
i 1 1
. ! i *
' 3 ! 1
! 1 -
, b t 3
) i
\ b t [
1 i L
3 i ' o
: + . +00C8° .4
. ' ! I 4
4 ) n* .
) 3 3 Pre ;
‘. — i K
3 I R
13 !
3 i
3 3
: 3 i L
' * +000Z° 4 .
. l I 4
} 1 }
i 1
.< ' 1 K
3 i
' { i ]
|} ‘ :
. $ i
" 1 i ‘!
B i L TP T S S DU B T b Dk LT TT MDA RSP APRPRPRPSE B Fof ok~ Il § o
3 Le: 2 20 CON AP .
. cut - TN1ATS viOoL =3IVEV LAY
't LAvd2eiy AS STIiu0w 4T (U3t 3TVHIAY SIUEVILYA
LTI LSAS i
. 9
4




— T —r - L SN e saarear e M- o e o S TaLEE e s e ey e T — Qe T T i
LEGPEE T it 1193 1d g :
§iZ.,z000 L Enn - ca !
Sl {
b TTIBLEYETLT i .
. 1NT9GOL 1 S 7n0G0 " Y. Y0ESPTOGhT. z Bl .
' EOBISEELUCGT LT =SA €96IPECLY 40 11163vC 3 :
> ERICUIE T ]
N *0Co991 020001 ‘000Nt T0I00 “CCoc8 *¢Coge “o00%b Q3007 "o
L L O et P S el R T T, cemn 00000 b
b * 1
f - & - L .J
b * R ER « x = * [ * .A
. * * * o« xesamk Kk & % » » A} ..A
. Y
Y q
o~
b * 4,
ke .
ooone" 1
9 3
” ] .»
1 i
1 1
4 {
2 *
= 4

3
3
'
3
i
3
]
3
3
+
i
3
!
I
3
3
3
3
}
+
3
3
3
3
l
b
3
!
3
+
3
3
1
3
b
b
b
3
!
+

comemnecmtmarremeantanccmr e e edremmacnestennnmc— et mcmcmemr—te enmece==t+00CT '€
JCITMCIUOM
=378V i HVYAX
zJ18VINVAA
B8GHO=W3ILSAS

SY¥MdK ONIATY viol
14vUddIv A8 S3ITLIYAS 40 HIONIT 3DVY¥IAV

Ltz

(e
“©
(]

[}

F-15

*

Vo e Ym e v Y e e e h Y e = e e Y TR e Ym | o= T P P e v P P v— v v v v v e — v X

090v°Z

"Se0 40 °"ON

'y




TN e w .

Y -

6LEBESEERLIBIY " =163 1dIDYIUINI L~3S3625€£902€8€ ‘g- =(83 34C7S 4
291E0L479GLTH " =S 4
€ZHL0QIutZi il '~ 5157 N21ivi3ckl CI6363L19L€T 4 =Zsel !
TTCELIRGErBLEL " £1831~4 e
T69LCETSSZITL” =58 -z =4C Tvi0l h
Z6EL9OIBELZO10” =ci 1ELHEB61 L0641 =S¢5 1 =50 IvNo1S3Y 1
€91 9SELYZEVLZO0 " Sn £919¢ELvCEXCZOC =SS “1 =3iC NCISSTHDIY 1
TEVL VACNY ;
‘0008% *025dY *000Z¢ 0002 "C00Y1 *000R 0
F e e e e e e e e e e e e e e e e =2 0000 O ]
i 1
}
t A_
X .
‘ M
= a 3 ,..
» * 1 .
« * . . } 4
* . 4000Y"
- N t
] i h
1 ..
! 1
X .
_ ]
w .
1 .
* -
+0008° .4
L9 ]
— 4
t i
} b h
i [
3 ¥
1 y
i :
i .
+000C°t .
i
. .
1 e
— B
1 m._
¢ ..
X .
i 2
v o
|||oa||||+||n.\lupiwclultl|||+»x||:||-c+||o||||||41|||||a-|~|||||t|a|¢|||-cnunvoooom.* k.
€+: "ST0 4C CN AYNIITA o
IviCL 2378V IMVAX
I4Iv AZ §31.eCe TUSAY SINEY IUVAA

P N

G20 INILSAS

~
_mw




oA
1
.
|
1
i
i
i
i
t
i
{
1
i
)
1
1
{
i
|
{
{
‘
Y|

£AZT0GL L LT =50 .l Y nZEZLeLL T -.73 30InE {
Lo T o TRl =S i
I I 2 =16 NTIaw T TNl eI T NS FZeeg ']
2P IS S R R S =1721-3 {
SLEPRZIGS . : Bl =aC Twl0y
S.FATIC6 oA LT GLSEOpGECuL L 2 RERCRE D 4
GESLE9LY L Hun0” Sl BSSGLE9LDaT0] F<S ! =20 e RN IEANE K h
“n R A
R Ve A
e ol Mol LA 0503y M S TCI0%1 TA0%L et I e
F e e e ————— - - L e ) S e e e m e e ? e - e S AT 0 1 I

LA A s

-

A .s.alal

000G"

. . SHNOH ONTATSd Tvi0ol =318V IV AN
14vyodIv A8 SITLYOS 40 HLION3IT 3IOVY3AV =378V I§VAS 4
1=A0=W3LSAS M

¢ i

! }

! !

: 1

: {

; '

: 1

! :

_ 1

+ » + |
& ' « « .
w< b . s PR i A
v ' » (3] =% = » S ..
rA } LR LI S TP § i o
. : e o o ‘ ‘
f .
. 3 * * - » . 1S
-‘ § - = ! k
1 1 * > s @ * 1
b l 25 % * i i
q + “« e s +0009°} _

8 &= N I *
L _ e : = {
b b * 3 1 R
8 i ‘ bee .
, b ! -
'. F w
-. w N w Lo
3 t ! e
I 1 . X
. M +9005° 1 )
3 X . L
4 \ ' X
A | X E
- { 1 _
L : X L
L F F [
3 _ ,
-.. n .v .n
g ! ! o
5 becmocrcmctarc e et rmscmermet e cemcme et mmmmmmmeatemam et rent e cemm e == e —e~e=40000°T to
1 $9= ‘SAO 40 °‘ON 30147808 u

.

L aiC S
-
.




t . 8TTLLBRACLL L =1S3 1 13JHIUINI LGLICEETLGERTZCQ00 " =163 34CTS .A
€G2.60323GR9C " =S .A
, ZLELEEC8TE065 " =183 NJILVI3e¥HTT tEQOZLEL 26C " 0E =ZTesl
) 1E06BEGILOC 41 =1634-4 §
o98TP1L203369°¢C =SS ‘L =40 Iviol .
' LLTCEYYOIGETLO” =GN TLIESLTPLIEEB ) =55 ‘9z =40 IvnQ1s3y
. _ LEL L1966 18" =SK LELL 19663918 =5S ‘1 =4G NCISS3INTIY
, 378V vAONY
, *0002¢ ‘0CoRe ‘goove ‘Nacae 0000 0202 ‘0008 ‘Co0Y ‘0
o e e e e e e e e b e e e b e e b aeee =2 00000
. N \
.. i l
) 3 !
. ‘ i
. S i
. N . 1
' A 1
., } . } 1
5 1 I 1
“ + - + 40000714 1
. _ . ' .
N { i u
h 8 . * ) b
), 3 » -3 ;
X 1 . . x - . 4
; 3  san * x P— 1 Y
" 3 .= » i K
". I % - 3 h
\ - 1 b
+ +0000°C , 8
t 1 1
X X P 3
| l 4
ly ] : nhn u.
L 1 - t b
: 3 ]
y _ , ‘
. . t A
. 3 { o,
+ +00Q0°¢E
s - } i
' , , .
~.. — — .
! 1 i .
T. — P ..a
R t \ ..
. { ' h
. " 1
\ } i
. R ..ll*lllll\lbl*!ll!lll||+ll-.l\l\ll+|lllllll|fl|l!|lllo¢|ll.|lll|lfll|l-.'i:l#OOOO.V )
. 8= S50 0 0N WEYNLITA )
: Surpa ONTATY VIOL =378V I NVAY 8
i 14Yyoriy AE CITIN07 47 . 737 2DVHIAVY =IVEV ILvYAL .
., LA WILSAS '




TN T Ty Tl

T e T

r.

T e o

T v e TR s T E

-

*0000b9

Rt T LR VAP VRV AU U W

3
}
3
]
3
3
3
3
+

]
]
I
3
}
3
3
3
3
+
b
3
!
I
3
b
3
3
3
+
b
3
3
!
4
3
3
3
3
+

TEVBLGILLEy el

z =183 Ld30M3lNI L= ERASE
. e
ALY =183 NCIy T EerlT SZamly
ki iSi.-3
GLELaBGIrEr T - Twill
I £YBLEQTIS T =< =33 B OPR .
TISIbLERiICLD” =N CISuveERIf.LC” =SS =437 NZISSIRC5Y
R TSN
Gov ‘0000Zte 000t TOC09 *Q03Ck .

‘000054 ‘00008Y SouL

et e m e et e e —n - ——

E N
& =W L3RS
. wxx
* LR

9= "<fC

SHGH TNIATY vlOL
Ll4v¥OHIy A8 S3TL¥0S 40 HICTNIT 3IDOVH3IAY

L e S Ale 1 o1 R ]
i
3
3
3
3
3
3
-+
13
3
b
3
I
}
3
3
3
+
i
}
{
3
3
I
3
3
+
3
i
!
|
H
1
3
i
'

L T T T e et L T bl T USSRy PRI P ppapapeyny Supupupvpepnpupspse S ¢ To Yo : e
40 °"CN 3G ¥Cc1yo”
=378V I¥VAY
=318V IUVAA
L =HN=WILSAS

2002

- *u

s *

00Go*

F-19

0009

PO




4
4
ECYEBEELEDOLC” *1S3 1d3J¥3UINI C1-3€/280192€LE8BEL"T =193 3407S u
€89Z58Ca5G0ZLS0 " =S .
Lig08LBZIVLICBONC” =1S3 NOIL™738¥00 €9619116125289000° =TasYd F
S6HZERILLIZRICCO0” =1631~4 4
1EGLELYTLGERBC " =58 "6l =4C Ivi0d ‘]
tovyC1iT88PCLZEDD” =SW 66C9L181LGE820° =<S ‘LT =4Q IvnQlc3y
0-3662186!£9196°G  =Sin  B-366Z1B61€2196°G =SS ‘1 =40 NCISS3INDTY b
37671 YAONY 9
‘0%00t9 ‘000099 ‘00008t 00000k *0000Z¢ “ocoov’ *000009! ‘oQ00e ‘0 '}
T o S G U S S S SIR, 17 Y, R y
3 i ]
4 )
1 i 4
3 } -
} b ]
s ) .
' | 1
' ' 4
+ +000T"° 4
i i .-
! 1 y
' 3
b i *3
} }
3 % 3 L
3 * * = - = » } h
i * ARk LYY * » 3 ..
3 » i .
+ » * +000%" -
3 . * > - s ;
I 1 o 4
i * ) 7.. . _
3 } <5 )
i 3
3 . 1 o
) 1 4
3 » 1S ‘..
i 3 -h
+ +9009° ]
3 1 -
1 i 1
3 \
' i -]
3 t g
i 1 &
i ! .
3 [t .4
1 } ,
Sy gy v g S P Sy SO URPAS pUUERPID 3 o Ty Fo | - I ’
£z "CTC 20 ON SYNITIA "
S= .~ UHNIANY 9104 =3P INTAX
L4vu~wry A9 G3 7h 5T T3 3OVYE3IAY Eehis B RN )
-3 184S o
[
-
'
. d




TTe- v w

-—

- T—

ovac*

b i m e ———— — e ———— ot -

B R T R e T I R A R etk it ol i

0950"

RO, ERG67 A
938%L92¢

0sv0”

RFAS RN

€833 "

oovec

S crenca

as
=0 9686L0CY

ENIN orzo’

JTYSN 3DVU3IAY

LIVYOMIY AB S3ILTINOS 40 ~iIDN3T JOVYU3SAY

et . et —————

rG=

U L Ar S TR LT3 l78
Traanesen of
VR .NH” [ EE
[ =N “uSli-s3
- [ - \4 - ']I
= s =52 ToTTlcz:
TS 2ac TIiTi:T3x
3Tewlom Y
C5a0 ik ciekel Al AR
L U tmmmrm e —= 300
1
»
i
- '
» - {
- i
-
-
- [ehe] ok
»
td
» -
- «
-
L - «
* LA ]
» * .y
" “w
[ « & % ocer”
* -
- *

'S0 sC CON

0009°

T v g e e e em vm = v o vm e 4 = v v g e T e e e b vy

'
3
l
3
l
PO JUIIPI S VIS SSRGS SIPIPE D SAPR DRI PR S SV Lode]e] N
ICIPCIUCM
=37evivAx
=379V idYAA
11 =03LSAS

-2

._!, .

e Bl

PP,

Sad ool

a

-




»
g

v

. A
»

- A
]

|a

»

& 4
w 4
0 4
%

P 4
14

‘. 1
k. 1
k. 4

—
a

-

A dinaes 4

Ol ol v

L~

Al

THIS IS A BLANK PAGE
F~22

Paner- gl aMA e seib aRi
PV = -,

b,

cA -A )
. :
‘-

. 1
a ;
., 1
.




cooZ"!

K
-y

BGI Al oL =163 L4373 NG B R LI A 103 Lalte
YA =3
: Soou N SR BN o LT, e a2 lesy
Gull v .vl TLC EPRC I 1
q18.21€LV5 L cae s e SNt .
ToeEGINE LGl L A0LORE29 2 [T At or o TwtUlS s
TiLeaLliiriigr CLLSSLT vt =<3 s =22 WTes 35030 @
T e A .
009t cove? [ IA CHo TURG 0090° CAvo L EGAN 2230°¢C !
R it L e I By SV 4 rme et eeem= =002 C
i \ .
b i
I N ! .
b i
1 . ; A
b :
4 i 4
b ;
1 X .L
+ +000%° -
3 | A
L . ( o
I . . 2 . ;
3 - * aa w# I 3 )
3 - * * * } .
3 = - » * i [
3 3 4
t t Q
1 . .
M +0008" 4
; ! ]
3 } [2a] L
1 N ~
8 ! L. L
1 it q
t . ; s
' L -
l . : |
' '
+ +
: '
b t
' 1
' i
¢ {
e i
b I
_ !
} i
+

B e U g S oy USSP 2o ¢ 1oL R Y
¢T= "SB0 40 ‘ON WYNLIITA
IOVSN IDVHIAY =37V IavAX
L4VHDHIV AG S3118CS 30 HIZN3IT IOVHIAY =3IICYIUVAA b
L-HY:WILSAS R

Al

B




\
r L0BL0S 0 T =183 Ld3D¥ILINI YELSBEN60L 1T - -133 3407S
ZITEIRGLZApES0” =S
b LEPSLDELN6LT - =183 NOT1iv13»¥0C LBTEGHIGARCR" L =Z*+=Y
R CULLRZEINTELA G =1621~d
, SLE6LEAY LI =355 ‘e9a =50 Iv10)
% SvO3619ZVI6.E00” =Sy 91EpTYBIVLEL " =C¢ ‘za =iC TvNCIS3y
_ SOPBLELGEZ8DI Q" B s20VBIECIG7ZRC1D " =S¢ T =50 NCISS3HTHY
378v] vAONY

g oren: 0550° 08%0° DI czLo” oyZo” 2030 080" 8NCoo
5 T it R T e R e SUPPUPE Y SRRy 1 ToJ o B o]
] [} !
), 3 I
] } l
: } 4
] w %
X 1 :

1 i

{ * * {

b .
) + * +2002"

3 * . * ]
) 3 * % x* . 1
ly i " r % - i
3 3 % - S 3
: } »* * % . » * & !

I - . . % xe 1
A \ - axr & ¥ - 3
d { * a . * 4
L } - *xx % =z }
! + r +000V°
9 l '

1 i N

' 3 1
" 1 P B
b } 3
. 1 }

} }
5 i 1
ﬁ. ) i
. + +0009°

i !
. s 8

1} i
e’ i 3
. \ }
- 3 }
3 3 '
s ' )
- , (

D e T L T TP T RS P S P SR PRI RIS SRS IO SpRpu PR o ¥ Fo T - B
1 pos TGO AT ok 3w R0
', I7VSN FOVHIAY SITTVILAY
3 L3vnu0ply AE STIL-06 2 07037 3TVEIAVY AEREERE
p o N 31SAS
4

! Y
»' [ ]




LogeZent o - =163 437t T~Ttc A
. lm wL
SREAL A =183 “o1lT s2eap
LS l-2 A
TR LA P ST, g
LoSHOELEY L0 ) 6ILESTEYIOLHT mlIeE
B:¢2.698VL€0880)" TG BITLG9BPLESSACD 153032 1
; cootL” 20wy et gt saag: ace0” : A
. S U G [ et mm et e 200800 ’

. bl x
«» ” r
, . ]
' I

1
N 1
’ H + 4 &% * * J
4 "
: } £ oRx = - 4
’ <
i » . kX
T + " 000b" q
! ! "
[ " .
... t " A
fs 1
P b
I, | "
r — ._
_.. 3 4
: 3 b
X ' + * 0008
f t ¢ iy
£ 1 9 4
4 3 ! T d
. =
X i .
. ” 1
- 1 -
‘. — -
, \
] + 000Z" 1
: t
g b
" 3
w !
' ool A
S} b
I 4
ﬂ .!
l
B T T Dt TS e il *1¢]: A e
L= °S890 49 °'CON WYNLITIA
IHDYSN ISYNIAY =378V IyvAX .
13dVvyOH1Iv AB S3TJLY¥0S 40 HION3T 3IDVYHIAY =379V IEVYAA o
LD =W3LSAS 1
K
'~< "]
-
X
-’ N
) , ) !




1

! BLOPSTL- 241221 - ‘ @
p
A SellivEesizer ‘
oo LT |
] €TLBLGYEYBZL'E =55 9y =40 1v104 P
1 €L51262156100° =CW 2LCLELOLELSEB" L =53 g = 4C IrNCIS3Y ]
b SYSIEQRS0IVZ =SW  S191£88G0IvL =2§ 1 =4C NTI6S34T3Y ~
[ 31Ty vACNY ’
= ov90° 0950° L NoN covo” QIR0 orTo” ngLc:” 200" fn00" % b
. T S o PSP S ~0CNC' 0 ._
4 I » . 3 4
3 1 ! s
L ! ® » = * » 3
L i » » B . .‘
! 3 * * » * o5 £ 3 & i 9
' 3 3 -
S ] 3 ’ 9
b i i
! _ " g
X + +0008° K |
{ ' 1
r. w —
b 1 . ! 4
N i Iy
- i i .
e F P y
. } ¢
13 — w
} t R
L + +5009° -
3 1 | ’
: ' S :
! s 1 ..
) ' 1 = 4
) 3 : ]
. i - ) .
. i : ]
i ; , g
. ' ' [
g + +000¢°T y
h - — — -.;
< t } .
- — t *
. ! !
' ' | |
br F F .
. 1 i .9
- 1 ! d
- 3 ‘o
5 T S T e i R e S S 1G> ]
1 i Les TTTOET N e 1
. TeYTA 3OVH3AY : ‘1
3 LAYEORIY MG S3TieT T s - T4t ATVHIAV : 1
< N
.
F.
—h.




- .

i e S R el el ol i IRl S R S R T ol 3

zZSiGecy
€4£10196€¢€

F—

L0 0

L i TR L E D DU

ULO9vEBLL Lo
EvB104196EerGiCC”

30Vs5N 3DVE3AY
LAvH241y A8 SITLYCS 40 HION3T JOVHIAVY

o
(o]
o
At g

S U

coo8”

F-27

000Z"

. e e e g pm pm vm  vm o wm v e e = e -

e Sy S S T S A e 2 21 [} )
NS EN
=3TH/VI~VAX

=318V INVAA

8CHO-WILSAS

.

nn

1Y

[
L
{
v
{
L]
{
q

{r (x »

e a s A K o Aamom oM. mat 1




beTTZZOM L L 9" =1S3 1d30¥3INI vOELeCEGLL 0! =162 30075 ,\
CS01H,/0Y090 " =S *
CELBTINVICLGL " =183 NQIiv134800 cCZERGYENAL T =Ty
68 CCCZETHLIG =1631~-4 >
. SLepezeces0E8° L =85S “£2 =40 Tvi0l k
) G9iEG0666GLST0" =Sk SO6Cib61LLES" ) =S¢ ‘C9O =40 TvnQisay L
: LpiZ8ZTLLYES” =S A4 : [N AAN A = Q9 T =50 2I1€53yo3Y 4
. 376VL VACNY d
0v90° 09G90* ogyo” 0¥ QCEQ” ovZo’ R 800" noes o )
B T e ot T T T L Lt Lo L B ¢ *
} I
} | {
' ! - ]
{ 8 1
3 3 :
3 3 &
3 i b
3 i b
3 4 oA
+ - +C00S" =
} * Y 1 d
§ = & & aa - 1S .
m. | »x ey x i ’
E * } * » * * = - } ;m
. } - - ' i - .*
3 3 x % xS ) 4
. 3 * - 13 L
’ i T ~ » . { ‘.L
| i - - FRE wa t ; L
-+ x . +C200°} R
F L) * .v 8 ..
| e ! 9 X
! = i (< 4
3 3 d
3 l *
A 1 4 )
g ) * 3 LS
; ] i
3 H A
+ +C00s° 4 ‘A
3 i i
) i
1 ; ]
3 l : .4
! ! .
3 i r
3 3 -_
3 i
' , m
S S Sy S SR PP PP EPIPIPEPII RIS ity o ¥ o Fo I ‘
A= 62 D DN I A
ITYCN ZIVRIAY 2ITENINY -
LANMDATY AR ST Tan 0 AL T3 3TNNTAY =Tgv syt . 4

=57 W3ICAS




0091

([

N

- - 4P e > e e P —— e b e ——————t

P T e e T T e T e e e o o

cagrirzeT

»GaLCrI8T T

(4% 24T A-TYAN NN

ceeo”

-
x % *

LE BN R A § ] *

ATYSN 39VYIAY
L4v¥2dy1v AG S3TLI0S 40 HITN3T 3IOV¥3AY

UsNVANYs]

an

|
>

AN

L]

o e et - -

2]
]
W
i
t

Ry

o~
"
[SINY, Vs ]

=Cew
RS B
-t
Ve b
RN |
TS 3NT3Y
I
iy
SILTTT0

0000°

o
(o]
Q
o
F-29

0000°'€E

e m v em e v v h v v e vn m v v em = b Ve vm v = ve vm v e v P v e v = -

D i T S LT USSP RpPEG Sy UpPESUPRPRPUPRE ¥ o o o) s R -]
*S80 40 "ON WYN:3IA
=3GVY I¥VAX
=3TEVILVAL
1-AN=A3LSAS




sl .

. ’ [ s
. . - - - - - - . 4
] "
) ..~A
d 6802010C . CT” =1€3 1ld3J¥3INI [ASTEr A § 2P = SFoft S =i53 324078 P
v YELLNCHBIERI90 T =S ¥
- VG8LIRZE . leh -~ =183 NOIiv 3,402 L9882101 L0 LY SR ALY m
ZoCLER2EpIEE - s183:-4 .
| SLEYPBES0OBRT =SS TEQ =40 1vilL >
' GLORIBLBILICIBEQC” =W BLYpelLTLEILET =35 o =40 IvAQIS3Y 5
. LIiLTBILLLROGCSS SO LILZRI LG =SS T =4 NCICSIuT3 oy
518%1 VACNY "
T 0080° 00L0" 0090° 000" cere: 00£0° crzos 0o0il" 206C°C ._J
- B e i T T e At T T T T a1 1 1« M) - 4
' | t " 4
. . ' .
, 13 ! ,,.1
— ﬁ ..-‘1.
' ! ‘4
4 | L

l i ’
, t t .4
,. 1 : b
g + » +0002Z° R
ﬁu. 3 -k L R
2 i * e P - 1 T
L 3 - - " v = § R
- i > x %% 3 o
.. } « i U
“ . L * = - 1 Y A
ﬁ, i * * x » i "y o8
. 1 * =8 % 3 s
w.. . i Aex amm%x * ¥ i .,_
. + * ne raAk % +000%° |
ﬁ: 1 . . ! o L
w.. i . ®x i nﬂa '
_. 1 * ! L 4,..
t ' {
W } t
, } 3 Co
A ! . {
W _ ,
. ' 1 4

L + +0C09°

} 1 .
1 ‘ A
3 3 o

3 3 )
m. i : .
} i "
”. 1 \ R
g 1 \ A
N — — L
L T e S Uy Sy S U (PP \pEppEppmppupn 1 ¢ ¥ o ¥} - I ...A
] bGe TUFD 0 CON 3C1vC oM Ve
o TAYEN 3I0YY3AY =3 EY ALY
_ Livsaeiy AG S31. T¢ 4T . w3l IDYEIAY R R o
£ Lo i-W3iSAS »
. " e
" 4
-.‘ -




y
3 ARz Tt 2483 13THEINT LTZZeritn L 6 =83 3407 :
. . : <N ,
3 5Lt 2 2153 “IiLrTTeetl NN 4
1 £L2FC.
. A :
22 }

s SOMLB5TIPLIT Y L
‘ CZ90EESLY OGN i 1
Y - - (- -

009" oot SRR 0224 c0ca” 4

D Tk L

13 . X

3 i | .4

i s A

3 i 1

§ i 4
. i : 4
, ” ” 1
s ' ! =
g . ~p0o0Z" h
h - } t - 9
h. 3 ! 4
. 3 3
- : ' .“
’ $ ¢ .
. 3 .« » I
. 3 « * » s 1
ﬁ } LI L LI 4
. 3 « . J
3 + - cooy"
- 8 v & . —
" 1 o
! 1 * o
% '
& i
. b .
3 l

3

I

+

3

'

}

§

I

l

3

3

3

+

0009°

P I S A s ol

Ill||l||l+|ll|lAlll+|llll|l|l+|ll|||l|l0|lllll|ll+lll|ll|l|+lv|l|l-||0||l||l|.:+ouom.

13dv¥081IY

ANVYEN IDYUIAY
Ag SIILUCS 47 FL1CKIT 3IDVHEIAVY

6Z=

*SgC 40 °Cn

"

3
3

I

1

<
S

v

WINGITA
15YAX

THv AL
1=1N=W3LSAS




Gt

At A0 ANLAS AN
> P

St ol

Y v

2

)

A -8

S R L R W e Ty Ty

APPENDIX G_.

SAMPLE DATA COLLECTION - BRIGHT STAR EXERCISE

UH~-60 ~ BLACKHAWK

REGRESSION ANALYSIS

Y VARIABLE X VARIABLE
(DEPENDENT) (INDEPENDENT)
TOTAL SORTIES TOTAL FLYINC HOURS
MAINTENANCE EVENTS SORTIE LENGTH

PER FLYING HOUR
MAINTENANCE EVENTS FLYING HOURS
MAINTENANCE SORTIES SORTIES
MAINTENANCE MANHOURS SORTIE LENGTH
MAINTENANCE MANHOURS FLYING HOURS
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