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SUMMARY

The CH-54 Operational Statistics program was performed under Contract
DAAJO2-Th-C-006k4 for the purpose of validating the CH-54 helicopter in the
Army's tactical aircraft Reliability and Maintainability (R&M) model and to
analyze the results obtained from the factorically designed arrangement of
R&M simulation runs on sensitivity, credibility, sufficiency and applica-
tion regimes.

The NORS and cannibalization s%gsoutine was employed using CH-SUB ficlid
data gathered through the ORME program and the subroutine was exercised
throughout the study effort. The studies showed that employment of the
NORS and cannibalization subroutine used in conjunction with an 8 hour a
day, 5 days a week peacetime utilization introduces very large variation
into the model. As a consequence, simulations covering a company unit
operating period of 18 months were required to minimize this variability.

The CH-54 program provides u new dimension into the study of simulation
results in that it provides a statistical methodology for the acceptance or
rejection of simulation results as sufficiently representative of known
field flight operations and for the determination of significant simulation
results.

A baseline model was established by making successive simulation iterations
and model refinements until all output statistics tested fell within ailow-
able statistics limits of the expected R&M characteristics and operational
conditions of the CH-54B. Having established the baseline, changes in
utilization, failure rate, NORS waiting time, TBO concepts, major inspec-
tion durations and repair/replacement time distributions were studied.

Significant results found during this study were:

1) The simulation error associated with the operational availability
model output is very large and hampers the ability of the model
to measure the effects of major changes in Reliability and Main-
tainability aircraft characteristics.

2) Despite the large simulation error, the model generally provides
the expected results, for example, increasing either utilization,
failure rate or NORS waiting time by 207 produced about the same

Note (1,: The ORME program which was completed in mid 1974 was « U. S.
Army-Sikorsky Operational Reliability/Maintainability Program
established to collect and evaluate CH-54 R/M field .data by
trained R/M engineering perscnnel. Its purpose was to construct
accurate and timely data profiles of failure and maintenance
problems observed under monitored operational conditions and
establish failure trends in order to intensify R/M improv.ment
in current and future helicopter designs.
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net effect, i.e., that of decreasing operational availability by
5%4. A notable exception of this was found in attempting to measure
the effect on mission acccemplishment w er2 the simulation error
totally masked any cause/etffect relationship induced by increasing
NORS, failure rate, and utilization. Low utilization for the
number of aircraft simulated appeared to play a wost significant
part in causing little or no change in mission accomplishment.

3) The ability to measure changes in operational response was enhanced
by the use of the factorial analysis procedures in the study. The
use of the factorial approach in this study not only minimized the
influence of simulation error which threatened to cloud the
determination of real changes in model output, but also substan-
tially reduced the number of simulation runs required to perform
the analysis. In many cases this reduction in runs was by a
factor of 3 to 1.

The simulation error of this model is large and the number of it«rative
simulation runs required to establish the validity of the model and to
perform sensitivity studies was excessive despite the mollifying influence
of the factorial approach. A method is recommended for minimizing the
simulation error of the R/M model which will have the combined effect of
reducing the number of iterative runs required and improving the sensitivity
of the model. This recommendation involves a change in the method of
simulating failures according to "when discovered" events.
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INTRODUCTION

This program was undertaken to -ralidate the Army R&M model for use in
simulating CH-54B operation. A secondary but equally importuant purpose
was Lo incorporate some statistical rigor into the measurement and inter-
pretation of the simulation results.

The information collected and analyzed during this program is presented in
the following seven sections:

1) CH-54B Aircraft Description

)
2) CH-54B Aircraft Operation
R&M Model Data Input for CH-5LB
)

/
\
(
(3
(4) R&M Model Program Updates to Accommodate the CH-54B Aircraft/
Operation

(%) Validation of the CH-S5UB Version of the R&M Model
(6) Statistical Analysis of Simulation Results
7

(

) Conclusions and Recommendations

The CH-54B field experience used in constructing the CH-5LB version of the
R&M model was primarily taken from the Operations Reliability/Maintain-
ability Engineering {(ORME) progrum. This was an Army/Sikorsky data
collection and product improvement program which included 3 years of CH-54B
operation by 25 aircraft. The ORME program provided the expected values
used in the CH-S54B/R&M model validation.

The sensitivity studies were based on varying certain aircraft and opera-
tional factors in a factorial design arrangement to improve the statistical
interpretation of the simulation results. The methods of varying these
factors were optional in some cases. In the case of utilization, this
chang. was produced by varying the number of mission launches per day as
opposed to varying the number of aircraft required for a mission or the
mission duration. The NORS factor was varied by changing the delay time
to acguire a spare rather than changing the probability that a spare part
was needed but not available.

11
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DISCUSSION

The CH-5L4B model is a modification of the UH-1N R&M simulation model which
was supplied to Sikorsky Aircraft by the Lustis Directorate. The first
part of this discussion describes the CH-54B aircraft characteristics and
CH-54B operational environment that are being simulated. As part of the
aircraft description, Appendix I is provided to identify the elements of
the CH-54R and their failure rates. Following this information is a
discussion describing the specific input and model logic changes incorpo-
rated into the original UH-1N R&M model Lo construct the CH-5UB model.
Appendixes 1I, 1I1, and IV further identify these modifications. The last
part of this discussion describes the CH-5U4B model validation effort and o
statistical analysis of the simulation results of running the model under
a varietly of alternative operating conditions and maintenance concepts,
and the conclusions and results derived therefrom. Appendix V provides
additional detail on the factorially designed statistical analysis performed
in thie program. Figure 1 illustrates the input, constraints and output
that are essential to the CH-54B model described herein.

CH~54B AIRCRAFT DESCRIPTION

The CH-54B is a crane-type, 40,000-1b category helicopter. It has been
used extens:/ely in Southeast Asia to move heavy Army equipment and to
retrieve downed aircraft. The operation simulated in this program, however,
is peacetime, state-side operation.

For the purposes of the R&M model input function structure for failure,
repair, and replace information, the CH-54B has teen identified according
to the following subsystem/component breakdown, which has been described as
consisting of 20 subsystems comprising a total of 296 components. The
categories of main and tail rotor blades, engines and fuel controls are
represented by more than one component element to permit tracking each
blade, etc., individually for monitoring their scheduled TBO removal times.
The system codes to be used in describing the 20 subsystems and their
components are consistent with those used in the Operational Reliability/
Maintainability Engineering (ORME) program and are identified below.

Subsystem Subsystem Code Components Elements
Airframe 01 01-20
Landing Gear 02 0l-24
Mechanical Flight Controls 03 01-13
Rotors/Blades Ob 01-32

APP Installation 05 01-08 .
Transmission 06 01-23

Power Plant Installation o7 01-22
Heater/Anti-Ice 08 01-05
Electrical 09 01-16
Hydraulic Flight Controls 10 01-11
Hydraulics 11 01-13

Fuel System 12 01-05
Utilities 13 01-08

12
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Subsystem Subsyctem Code Compunients klements
Cargo Hahdling 1h 01-11
Instruments 15 01-26
AFCS 16 01-15
Communications 17 01-1h
Navigation 18 01-07
Turboshaft Engine 19 01-15
APP 20 01-08

The individual component identifications and the failure rates observed in
the field relative to the components identified are contained in Appendix 1.
This information was taken from the ORME program and %s representative of
the 3-year history reported in SER-643LL, Revision K. 1) The time change
components, as identified in the CH-54B Organizational Maintenance Manual,
™ 55-1520-217-20-2, are shown below with their high time removal limits.

Components Number of Items TBO (Hr)
Main Rotor Head 1 800
Tail Rotor Head 1 800
Main Rotor Blade 6 2500
Tail Rotor Blade 4 1600
Main Gearbox 1 625
Intermediate Gearbox il 1200
Tail Gearbox 1 1200
AFCS Servo Assembly 1 1200
Fuel Control 2 800
Engine 2 800
Cargo Hoist 1 240(2)

CH-54B AIRCRAFT OPERATTON

The CH-54B baseline operation is comprised of the following information.

. CH-54B Company Unit = 9 aircraft

. Operational Week = 5 Days

. Operational Day = 8:30 a.m. to 4:30 p.m.

. Number of Standby Aircraft = 1 (of the 9) aircraft

. Number of Holidays and General Inspection
Nonflying Days = 18 Days per year

. Flight Hours for a 9-A/C Company Unit for 18 Months (28 Days/Month)=
2394 Hr, 1596 FH/Year, 14.8 FH/AC/Month

. Operational Availability = 54.5%

(1) Geffert, G., and Holbert, C., Operations Reliability/Maintainability
Engineering Program Quarterly Evaluation Report, Sikorsky Aircraft,
SER-6L3LL, Rev. K, May 15, 197h.

(2) Since the cargo hoist is used for no more than 10% of the missions,
the simulation model input actually reflects 240/.1 = 2400 hours.

14



The company unit maintenance force used in the baseline operation is as
follows:

Maintenance pecialist MOS No. Per Company Unit
a) A/C Maintenance Tech. 671CO 2
b) Helicopter Repairman 67x20 37
¢) Electrician 6TF20 2
d) Avionics Mechanic 35K20 3
e) Airframe Repairman 68G20 1
) Ingine Repairman 68820 2
g) Tech. Inspector 67x30 2
h) Hydraulic Repairman 68H20 2
i) Power Train Repairman 68020 1
J) Flight Engineer 6Tx2F 9

To provide a realistic distribution of failures for the various operational
events for the baseline, information was taken from the CH-54 ORME program.
Specifically the information was taken from the ORME Discrepancy/Corrective
Action Reports. "When discovered" data and, in the case of in-flight
aborts, the effect on mission data from these reports were used. The rela-
tionship between the data as collected through the ORME "when discovered"
codes and the R&M model's operational events is shown bclow. In the cases
of special inspections, acceptance inspections, transfer inspections and
"on ground - not covered by above" actions, some engineering judgement was
required to appropriately enter this data into i1k2 model. These judgements
are indicated below and were made based on discussions with Sikorsky ORME
reliability engineers and with the manager of the ORME program.

Relationship of ORME Data to R&M Model Requirements

ORME R&M MODEL

Exterior & Interior Checks ==~——— g 1. Preflight
APP Start to Takeoff 2. In-Flight
In-Flight ——— 3. In-Flight Aborts (as further deter-

On Ground to Eng. Shutdown mined by "effects on mission" code)
baily Inspection 4 L. Daily Inspection

Intermediate Inspection » 5. Intermediate Inspection

Periodic Inspection —»- 6. Periodic Inspection

Special Inspection ] ® Prorated over 1, 4, 5, and 6 above
Acceptance Inspection — Not Included

Transfer Inspection(3) —p Not Included

On Ground - not covered by above ——— Prorated over 1, 4, 5, and 6 above

Table I shows the number of observed M.A.'s in the 9172 CH-54B flight hours
(including those M.A.'s prorated) and the resulting system by system cumu-
lative probability distribution for each aircraft operational event.

(3) M.A.'s discovered during acceptance and transfer inspections together
accounted for only .6% of the total M.A.'s and were not included since
they occurred before, or were fcund after, the normal operation/mainte-
nance cycle of the CH-54,

15
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CH-H4B/R&M MODEL CHARACTERISTICS

The CH-Y4B R&M model incorporates an 8 hour a day, " day a week, 28 day a
month operation. The company unit strength of 9 aircraft has a flignt
operational requirement of approximately 14.8 flight hours per aircraft per
month. Preflight, daily, intermediate, and periodic inspections are re-
quired. The average mission duration is 1.9 hours with .7 hours required
for test hops. The model is detailed to reflect the failure rates, mainte-
nance manhours to repair and to replace, and the elapsed maintenance times
on approximately 300 components. Abort data, probability of the aircraft
being not operationally ready, and requirements for test hops are also
defined for these components. This information is covered in detail in the
two previous sections and in Appendix I1.

VALIDATION OF THE CH-S4B

The validation of the CH-5LB simulation model consists of three essential
steps: the establishment of the CH-YLB baseline model expected values as
determined from ORME data, the evaluation of the simulation error associ-
ated with the CH-54B/R&M model, and finally the verification that the model
has been revised and refined to agree with the expected values within the
allowable tolerance permitted by the simulation error.

Table II contains the expected values for the baseline simulation. These
are key field experience statistics collected through the CH-54B ORME pro-
gram which provide the basis for validating the CH-54B simulation model
output values as representative of CH-5LUB field experience. ‘'he information
reflected in the table was accumulated over a 36-month period that extended
from 1 April 1971 to 31 March 19T4. The operational sites monitored were
Ft. Eustis, Ft. 8ill, Ft. Rucker, and Ft. Wainwright.

The CH-54B ORME program report SER-643LL, Revision K, reflected a history of
422,592 total aircraft hours, of which 9171.6 were flight hours. Of the
422,592 hours, 554l were discounted because they were associated with a
dewned Alaskan aircraft in which parts were not ordered for its re-
activation. Total accountable aircraft hours were, therefore, h22,592 -

5544, or 417,0L8.

Because of the low CH-54B utilization, i.e., 9171.6 flight hours in 417,048
total hours, or 2.20% utilization, and because of the added simulation
variation resulting from the incorporation of not operationally ready due
to supply (NORS) and caunibalization data into the CH-5UB simulation model,
runs simulating 18-month company unit operation were needed to provide
sufficiently accurate simulation output statistics for meaningful analysis.
The need for the 18-month simulation runs is discussed further in the next
section. As a result of the 18-month simulation duration, however, 9 air-
craft x 24 hours per day x 28 days per month x 18-months, or 108,86k
accountable aircraft hours, were reflected in the simulation runs. This
resulted in a 9171.6 flight hour x (106,964/417,048) or a 2394.1 flight
hour requirement for the 18-month baseline CH-Y4B simulation.
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Total tailure rates and abort rates shown in Table 11 have been taken {rom
Lhe SiR-0bshh ) Revision K, and the failure rate distribution has been de-
rived from the study of the ORME Discrepancy Action Reports. The failure
rites include both primary and secondary failures. 'They specifically ex-
clude corrective maintenance aclions found to be needed during acceptance
‘nd transfer inspections which account for .6 percent of the total correc-
tive aclions observed in CH-54B operation. Cannibalization M.A.'s which
are incorporated into the model by way of probability of cannibalization
indices and scheduled component replacement actions which are taken care of
through the scheduled TBO subroutine are also excluded from these rates.
Theretore, the model failure rate descriptions together with the M.A.'s
gecounted for by the cannibalization and scheduled TBO subroutines approx-

imate 99.4 percent of the total observed CH-UWB M.A.'s. The failure rates
shown in Table T1 tranilite into the followirn. -:ipeclted number of failures
for the various CH-94B (perational events, buasod on the expected 2394

1igzht hours,

CH=-45UB kvent Fail., Rate x FLlt. Time = Expected Failures
Preflight L03069F/Hr < 2394 F1t., Hr = T3 Failures
Inflight .16333F/Hr x 2394 Flt. Hr = 391 Failures
Inflight Abort .01810F/Hr x 2394 Fit. Hr = 43 Failures
M1 L02213F/Hr x 2394 Pit. Hr = 53 Failures
Daily .12093F/Hr x 2394 Flt. Hr = 290 Failures
PMP L10942F/Hr x 23Yh Fiu. Hr = 262 Failures

To determine what simulation duration was appropriate for estimating
simulation error and for the factorial analysis study, the stability of the
output statistics was analyzed over an ld-month period.

Figure © shows the convergence of i1mportant statistics exhibited by the
CH-%4E version of the R&M model over the simulation duration. To provide
these statistics, two simulation runs were muade under identical conditions,
except for different random number sequerces, and statistics were collected
af'ter each 2-month interval for the duration of the 18-month simulation.

To highlight the variation of cutput values as the simulation progressed,
the statistical value accumulated to the end of a period was compared with
the value reflected at the end of the previous interval, and the percentage
of differences was computed and plott<d. The values were plotted through
the 18th month. The plots were examined fivst tco see whether any systematic
error was evident. If the trend ilines fc -~ the simulation runs reflected
values that were consistently plus or consistently minus, then it would be
reasonable to conclude that the mod :1 has not stabilized and was still
seeking its normal long term, average operational condition. Review of

this figure shows no evidence of systematic error. GSecond, the plots were
examined to evaluate whether the improved stability of the 18-month statis-
tics was sufficient to warrant the longer simulation running time. The
plots showed no profound change in the stability of the statistics after

the 10th month. The low CH-S5U4B utilization, however, was known to cause
high simulation error which could cloud the true operational characteristics.
To obtain a better appreciation of this simulation error, statistical outputs
from the two different runs were compared with particular attention paid to
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TABLE II.

ORME VERIFICATION STATISTICS

Dute Source & Value

SER-6L 3Lk ORME Discrep/
CH-54B Operational Data (April '71 to March 'Th) ilev. K Corr. Act. Hpts.
Total Aircraft Hours (Include 2k Hr a Day,
7 Days a Week Accountability) L17,0LE Hr
Total Active Lours 91,842 Hr
Totnl Flight Hours 9,171.6 Hr
Flight Hours per A/C per Month 'h.78 Hr
Total Failure Rate LLL65 Fail, /Hr
Total Abort Rate L0181 Abcrt /Hr
Failure late Distribution
- Preflight .03069¢ /Hr
* Inflight .16333F /Hr
* Daily - 1209 3F /Hr
* PMI .02213F/Hr
° PMP .109L2F /Hr
dumber of Flights 5326
T st Hop Flight Hours (Subcategory
of the 9171.6 Flight Hours) Lh1.2 Hr
Operating and Ready Hours 227,248 Hr
Uperational Availability =
(227,248/417,048) x 100 5. 5%
HORE 86,725 Hr
HORM 26,613 Hr
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the 10th through 18th mouth region. Least squarcs trend lines using Lhe

datn from Lhe 10th through the 18th month were computed and drawn.  The
differences in stutistical values tetween the Lwo runs are shown in Figure 3,
together with Lhe trend lines. Buased on these Lrend lines, aboul a 25 per-
cent reduction in scutter between the Lwo runs, when averaged over all eight

statisticul trends studied, was achieved. Operalional availability and
mission accomplishment did nol exhibit the charuacteristic improvement, how-
cver, the fluctuation of these stalistics is such that exceptions to the
normal trend will frequently occur. The important fact is that a general
improvement in statistical scatter has been achieved by extending the
simulated duration to 18 months. Therefore, to help guard against the
udverse effects of large variation, the 18-month runs were considered
desirable and were used in the subseguent studies.

Table [LI compares the baseline simulation model statistics with expected
buseline values. Four separate 18-month simulation runs were made with the
CH-94B buseline model with the random number seed changed. These four runs
permitted the evalualion of the error inherent in the simulation model it-
self, Table I11shows the expected values for the subject baseline model and
Le simulation deviation allowed from the expected values as determined
from the four simulatlion runs referred to above. It the specific simula-
tion run output statistics deviate from the expected values by more than
the allowable values, the run is judged to be nonrepresentative of the
expected values and further refinement of the model is required. The allow-
able deviation has been determined on a rigorous statistical basis and
conforms tc a level of significance criteria of a = .0l. This means, given
that the model is truly representative of the expected values, there is
only a 1% chance that a specific simulation statistic will deviate from the
expected value by more than the allowable deviation value. Conversely,
since this possibility is so remote, if a value does fall outside the
allowable 1limit there is sufficient statistical Jjustification to conclude
that the simulation model does not fully represent the expected value and
turther refinement js required.

After successive simulation iterations and refinements to the model, a
baseline model was established in which all output statistics tested fell
within the allowable statistical limits; i.e., the resultant model was found
to adequately represent the inherent R&M characteristics of the CH-54B when
flown in accordance with those operational conditions reflected in the ORME
operational data. As indicated above, Table V shows the allowable deviation
and the actual difference recorded between the baseline model statistics and
the expeclted values. In all cases these differences were within the allow-
able deviation, thus giving statistical credibility to the baseline model

as adequately representing the expected values.

SENSITIVITY ANALYSES OF THE CH-~54B MODEL USING FACTORIAL ANALYSIS APPROACH

Two factorial analyses were selected for study, one having quantitative in-
put levels of utilization, failure rate and not operationally ready due to
spares (NORS) varied, and the second having the qualitative factors of major
inspection maintenance concepts, elapsed repair/replacement time distribu-
tions, and on-condition removals studied.
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The irst factorial wnalysis was originally set to study Lhe effects on
operational availability and other output stalistics caused by changes to
the baseline ranging from =25 to +25 percent for NORS and O to +20 percent
increase in utilization and failure rate. These points of consideration
were the corners of the right-hand cube shown in Figure L. When these test
conditions were studied, an upper bound was discovered to exist beyond
which the company unit utilization could not be reached. This required a
change in the study points for the factorial analysis from a center point
that measured the baseline (BL) plus 10 percent utilization and an upper
sel of points that evaluated BL plus 20 percent utilization to equivalent
points for the tuctorial analysis measuring BL minus 10 percent and BL
minus 20 percent. In Iigure 4 the left hand cube shows the changes required
in the test region due to the utilization limit. Figure ) shows each of the
test conditions simulated and studied. These test conditions are identified
in terms of flight hours per aircraft per month for utilization, failures
per hour for failure rate, and percentage increase/decrease in NORS for
supply. Table IV shows these test condition values and the associated
expected values of key operational parameters. The test conditions were
simulated for the revised set of study points. Test point 5 was repeated
four times and Table V shows the results. These four runs were discussed
in relation to measuring the simulation error rela.ive to the baseline run
and are used throughout the analysis to justify computer runs being suffi-
ciently close to the expected values to be statistically acceptable at the
.01 level of signitficance. To compute the 1 percent level of sigriticance,
the stundard deviation was computed for each significant statistic and
multiplied by the normal distribution coefficient of 2.576, which corre-
sponds to the 1 percent level of significance. As indicated above, all
baseline values were checked with this deviation criterion to prove that
the simulation results were sufficiently close to the expected values to be
accepted as representative of the ORME operational statistics expected
values.

lterative computer runs were made at each of the study points until they
were in the region of acceptability. One point was found to be out of
limits. Condition 3, which was fell to be influenced by the utilization
boundary, was out of limits. However, this point was accepted for the
analysis because the expected flight-hour value could not be reached
despite several attempts to get closer to the expected value. Saturating
the flight schedule would permit the flight-hour value to be reached, but
this would distort other important output statistics such as mission
completion values. Although the analysis is slightly distorted by the use
of this study point result, the distortion was not considered, in an
analysis of this sort, to be sufficient to scriously jeopardize the overall
study results. In the factorial analysis employed, the low and high
utilization points are averaged over four values each, and therefore, any
error is desensitized by this averaging process. Table VI shows the
simulation statistics generated for the various test conditions. Table VII
shows the difference between the values expected at each study point and
those observed after successive iteraticns. Test point 1 shows an out-of-
tolerance ccndition fur inflight failures, but since at the total failure
level the number of failures observed was in tolerance, the run was consid-
ered Lo be acceptable. I{ should be noted that Table VII derfines over 100
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Lests of significance at the 1 percent level; therefore, it is highly likely
that one statistic in 100 would be found slightly out-of-tolerance. Test
point 3 has already been noted. Afte several iterations, the computer run
exhibiting the closest value to the expected utilization was chosen for the

analysis with *he recognition that some error would be introduced into the
analysis.

The first factorial analysis includes a study of the eight basic factorial
analysis points to ascertain how, for example, the simulation output opera-
tional availability chanzes in relation to discrete changes in utilization,
failure rate and NORS levels. It also includes the incorporation of the
center point data to assess the curvature associated with the surfaces
reflecting constant operational availability. The definition of operational
avallability used here is

Operational Availability =

Flight Time + Ready Time

Flt. Time + Ready Time + Corr. Maint. + Prevent Maint. + Supply & Admin.
Downtime

Table VIII shows tne factorial analyses results for operational availability.
Table XIII in Appendix V shows in expanded arithmetic detail the information
contained in Table VIII. The values for availability have been taken from
Tables V and VI. Several observations must be made before proceeding.
First, from a statistical viewpoint, there are eight degrees of freedom (df)
associated with the data shown in the "Aircraft Availability Values" column
since the data is derived from eight distinct test points. In the center
point evaluation of the simulation error, four test points, and therefore a
df of four, are reflected: one associated with the mean and three associ-
ated with the variance. Using an F level of significance test, the computed
effects can be analyzed to determine whether they are true effects or simply
perturbations due to simulation error. Bases on an a = .05 and the df
information above, if the F statistic (equal to the mean square value
divided by the simulation error) exceeds the F distribution value for a .05
level of significance with 1 df in the numerator and 3 df in the denomina-
tor, then the effect associated with the mean square is judged to be a real
effect. The critical Fj 3 distribution value for a = .05 is 10.1, and the

F statistic in the case of the NORS effect is 167.72/L4.06, or 41.3. There-
fore, the change in operational availability due to the computer input
change in NORS level is real, and the best estimate of this change is -9.16
percent in operational availability when the NORS level is changed from its
low to its high value. The changes in operational availability due to
changes in failure rate and utilization are also found to be real.

This information coupled with the center point data permitted the drawing
of operational response surfaces. These surfaces are shown in Figure 6
together with the contour lines of constant operational availability dis-
played on each face of the cubic space studied.
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Figure 6. Operational Availability Contours,
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From the uanalysis of the first factorial arrangement as it applies to
operational aviilabitily, the following conclusions are drawn.

(1) "The simulation error in relation to the operational availability model
output i1s large and hampers the ability of the model to measure the effects
of major changes in aircraft R&M characteristics. As a consequence, the
contour lines and surfaces of constant operational availability shown in
Figure 6 must be somewhat uncertain.

(2) Despite the large simulation error, the model yields consistent re-
sults; for example, decreasing the utilization by 20 percent has approxi-
mately the same effect on operational availability as decreasing failure
rate by 20 percent. The utilization decrease results in about 5.4 percent-
age decrease in availability; failure rate results in about 6.4 percent.

The NORS level was decreased about 40 percent and resulted in a proportional
9.2 percent increase in availability.

(3) The consistency is enhanced by the employment of the factorial arrange-
ment. Although only eight test points were used to measure the effects of
changes in utilization, failure rate, and NORS, the factorial arrangement
permitted all eight test points, four at the low factor level and four at
the high factor level, tc be used to measure each factor response. This
provided a major improvement in accuracy per test point over an arrangement
which would measure each factor separately.

(4) Because of the high number of computer iterations required to "home in"
on the factor levels of utilization and failure rate, especially failure
rate, the study was limited to tie factorial analysis indicated in the
statement of work; however, a more forceful and exacting experimental design
could be employed, if the required number of iteration runs could be cut
down. The experimental design referred to is called the central comBosite
design and is discussed in O. L. Daves book on Experimental Design.( )

This test design would provide a major improvement in computing ihe response
surfaces. Figure 6 is simply a synthesis of the O-point factorial analysis
results shown in Table VIII and the center-point analysis also shown in that
table.

To evaluate the overall sensitivity and credibility of the CH-54B model,
several output parameters were evaluated on a statistical basis. Three

levels of significance were used: @ = .10, where the results were consid-
ered to be significant; @ = .05, where the results were considered to be
highly significant; and @ = .01, where the results were considered to be

very highly significant. The reason for considering several levels of
significance is that an overall appreciation of the model's output is the
focal point of this part of the evaluation, rather than decisionmaking. In
a decision situation, one level of significance would be chosen based on

(4) Daves, Owen L., DESIGN AND ANALYSIS OF INDUSTRIAL EXPERIMENTS, Second
Edition, New York, Hafner Publishing Company, 1963, pp 532-553.
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the consequences of making a wrong decision. In this evaluation the
interest lies in the question: do the expected effects show up using this
model, and how pronounced are those effects? In other words, are the
ef'ffects believable, and how sensitive 1s the model to changes in aircraft
quality or operational conditions? Table 1X contains a listing of the
ef'fects shown to be significant, and Appendix V shows the computational
detail establishing these effects as significant.

Failure rate, utilization, and NORS waiting time were the factors varied.
The output values selected for study were unscheculed elapsed maintenance
down hours; NORS hours plus unscheduled elapsed maintenance down hours;
percentage of intrinsic availability where intrinsic availability measured
the proportion of flight hours to flight hours plus unscheduled down hours
and also the proportion of flight hours to flight hours plus scheduled and
unscheduled down hours; direct maintenance man-hours per flight hour; per-
centage of mission accomplishment; and finally, observed NORS hours.

Table IX contains a summary of the responses found to be significant and
estimates of these responses. The expected resronses are summarized as
follows. An increase in NORS waiting factor should adversely affect all
the output statistics except those that measure active maintenance down
time alone, namely, unscheduled elapsed maintenance down hours and direct
maintenance man-hours per flight hour. An increase in failure rate should
adversely affect all the output statistics. Finally, an increase in
utilization should adversely affect all output statistics except intrinsic
availability and direct maintenance man-hours per flight hour which would
be expected to remain constant with increased flight hours.

The consistency of the actual significant effects with those expected is
apparent. The major exception to this is in mission accomplishment, where
it is expected that increases in NORS time, failure rate or utilization
would cause less aircraft to be available and therefore less chance of
performing and completing a mission that is called. In this instance it
must be concluded that the model is not sensitive enough to measure the
change in mission accomplishment for tie changes in the levels of the
factors analyzed. Another exception of concern was in direct maintenance
man-hours per flight hour, where an increase in utilization has resulted in
2 decreased value for this statistic. Reflecting on the reasons that could
cause this phenomenon led to an investigation of the difference in scheduled
maintenance requirements per flight hour for both daily and preflight
inspections. The four low utilization runs showed the need for .692 daily
per flight hour and .727 preflight per flight hour, and the four hLigh
utilization runs showed .600 and .T702 respectively. As the utilization
goes up, therefore, the need for additional dailies and preflights goes uv
much more clowly, resulting in the lower scheduled maintenance man-hour per
flight hour requirement. Table IX shows that the best estimate of the
difference "n direct maintenance man-hours per flight hour is -.57. Since
it takes 5.4 man-hours per flight hour for performing daily inspections and
1.8 for pref.ights, the expected difference from this source should be

(.600 - .702) 5.k + (.692 - .727) 1.8 = -.61
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Again this shews the consistency of the CH-54B model and shows that,
relative to certain statistical output, the model has a very sensitive
response,

The above analysis is a further indication of the areas of sensitivity and
lack of sensitivity produced by the CH-54B model, and of the care that must
be exercised in the interpretation of results relative to the simulation
error. The factorial analysis method employed here provides a viable and
efficient method of minimizing the effects of this simulation error and

should be seriously considered for use in all subsequent simulation studies
of this type.
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CONCLUSIONS

Conclusions are presented for five general areas: Lhe variation associated
with the model; the adequacy of the CH-54B model; the conclusions derived
from the factorial analysis varying tactors of NORS waiting time, failure
rate, and utilization; the conclusions derived from the factorial analysis
varying factors of major inspection policy, TBO policy, and repuir/replace-
ment time distribution; and f{inally, the conclusions derived from the sta-
tistical methodology employed.

The CH-YLB model evidences a very large variation in operational availabil-
ity and other outpul statistics. A large part of this variation is associ-
ated with the use of the NORS and cannibalization subroutines. Also, a low
daily utilization of aircraft contributes to this variation. Despite this
variation, the model yields statistical output that is consistent with
expected changes in operational parameters.

The CH-~54B baseline model was verified to reflect known CH-54B field opera-
tion as reported by the ORME field data collection program. This veri-
fication of the baseline model established that, within the error inherent
in the model itself, the utilization, failure rates, and other aircraft/

operational parameters were found to be representative of the ORME field
data.

The simulation error associated with CH-5LB R&M simulation model output was
large but, due to the improved ability of the factorial analysis procedure
to measure operational responses, changes in NOR waiting time, failure rate,
and utilization factors, provided statistical output that was consistent
with expectations and was relatively sensitive. For example, increasing
either utilization, failure rate, or NORS waiting time by 20% produced about
the same net effect of decreasing operational aveilability by 5%. This con-
sistency and sensitivity were true for all statistical output studies, which
included measures of intrinsic availability, direct maintenance man-hours
per flight hour, unscheduled elapsed maintenance down hours, and not opera-
tionally ready time due to spares. The lone exception to this sensitivity
was in the measurement of mission accomplishment (ratio of missions called
to missions completed). Increased NORS waiting time, failure rate, or
utilization would be expected to reduce mission accomplishment, but it was
found that the model was not sufficiently sensitive for the prescribed 18-
morth simulation operation to measure this reduction.

The final conclusion is that statistical procedures are required to analyze
the R&M model simulation output if real effects are to be discerned from
random scatter and that factorial analysis is an important statistical
procedure to minimize the required number of simulation runs.
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RECOMMENDATIONS

L. The CH-%4B model, which incorporates NORS data, evidences large varia-
bility in its simulated output, making it difficult to measure effects and
creating an unnecessary number of iterative runs to home in on the failure
rates associated with the specific condition simulated. This large varia-
bility is associated with how the basic R&M model is constructed and is
inherent in the UH-1N model as well as the derivative CH-5LB model. In the
daily inspection, for example, a probability distribution of the number of
failures is input to the model based on an expected number of daily inspec-
tions. Since the number of dailies can easily vary by 7%, as is reflected
in Table VIII in the spread of dajly inspections for different random num-
ber seeds, this variability is added to that created by the probability
distribution of the number of failures. This probability distribution
retlects the Poissun distribution based on the exponential time to failure,
which implies a totally random occurrence of failure. The Poisson proba-
bility distribution already reflects the maximum spread of failure rates
that should be expected. The introduction of variation due to the number
of dailies unnecessarily and unrealistically magnifies this variability.

It is recommended, therefore, to substantially reduce the computer time for
the same simulation accuracy or, conversely, to substantially improve the
accuracy for the same simulation time, that the model be changed in the
method of simulating failures. Rather than simulating the number of fail-
ures each time a daily occurs, simulate failures independently of the events
and then assign them on a probability distribution basis to the various
events. This approach would not only eliminate unrealistic model variabil-
ity, but would do it in a way that would simplify the model input function
requirements.

The Reliability and Maintainability (R&M) Model currently used by the
Eustis Directorate, USAAMRDL, has been modified to incorporate the failure
methodology outlined above. The GAMMA distribution is used to compute the
time to next failure, for each component, in terms of aircraft operating
hours. When the aircraft reaches the precomputed operating hours, the
component fails. Monte Carlo techniques are employed to determine if the
failure is discovered at the time of failure, in subsequent missions, or in
an inspection event, such as daily, preventive maintenance periodic (PMP),
etc., The failure is placed on a list of other failures awaiting discovery
when the appropriate event occurs.

2. It is further recommended that a statistical methodology be established
for use in subsequent studies employing the R&M simulation model or the ARMS
model. This methodology should be based on the statistical procedures put
forth in this study. This methodoclogy should encompass:

a) Evaluation of simulation error.

b) Validation of baseline model as consistent with expected values
using a level of significance criterion in conjunction with
simulation error measurement.

¢) Use of factorial analysis procedures to evaluate alternative
operational conditions.

L2



d) Use of central composite design where response surface studies

are desirable.

The establishment of such a statistical methodology would substantiaily
enhance the efficiency of performing these studies, would produce improved
sensitivity analyses, and would provide a better grasp and understanding

of the trends brought about by changes in aircraft/operational character-
istics.
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APPENDIX I
ELEMENT IDENTIFICATION AND FAILURE RATE

Table X contains the numerical codes used to identify the subsystems and
olements of the CH-5LB, The element nomenclature and the failure rate
associated with each element are identified in this table.
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APPENDIX II
CH-54B MODEL INPUT FUNCTION DEFINITION

The R&M model input data as organized from the ORME information base is
described for the various functions below. These functions relate an
independent value in the simulation model to a dependent value, and through
these functions, the specific CH-54B aircraft/operation characteristics are
introduced into the R&M model. For example, when the daily inspection
logic is encountered in a model simulation and the probability of success-
fully passing the inspection without discovering a failure is required,
Function 2, independent value 16, is located and the CH-54B value of
.813781 is introduced into the simulation as that probability. This input
Jdata described is for the baseline model which has been used in the
validation of the CH-54B., Appendix III contains a detailed listing of all
CH-54B input functions.

Function 1

An average 1.9-hour single-point winch mission configuration flight was
considered.

Function 2
Probability values for successfully passing various ground events without

discovering a failure, to be used in the CH-54 baseline simulation, are
given as follows:

Ground Event Success Probability
1 (Ordance Loading) .999999
2 (Preflight) 957697
5 (Air-rew) .999999
8 (Intermediate Insp.) 481713
11 (Turnaround Insp.) .999999
16 (Daily Insp.) .813781
17 (Periodic Insp.) .000020
21 (% Good Parts from Supply) .960000

Events 1, 5, and 11 wers, in effect, ignored by entering a probability of
success of certainty into the function, since based on observations of
Sikorsky ORME reliability engineers, these three ground events do not
occur in CH-54B operation. Probability values for events 2, 8, 16 and 17
were based on actual CH-54B failure rate records as reported by the ORME
program. The probability value for event 21 is based on discussions with
ORME reliability engineers, and its relatively high rate of bad parts from
supply is born out by a joint AMRDL/Sikorsky helicopter maintenance
effectiveness analysis study.

(5) Holbert, Calvin, and Newport, Gary, Helicopter Maintenance Effective~
ness Analysis, Sikorsky Aircraft, USAAMRDL Technical Report T5-1L.
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Function 3

The probability of no maintenance action discovereu during flight is
L13TL72.  This was determined from the ORME Program Quarterly Evaluation
Report, SER-6L3LL, Revision K. The "when discovered" cummary of the number
of maintenance actions of Table II shows 1498 M,A.'s in 9172 flight hours,
or a .1633 rate of corrective maintenance actions to flight hours. For a
1.9-hour mission and a .T-hour test flight, the probabilities of sustaining
no M.\A.'s are

P(0) = e=+1633 x 1.9 = 7332 & P(0) = e=-1633 x .7 = .8920.

Aborted missions reduce the average mission time, resulting in the higher
function 3 values.

Function h

From SER-643U4L, Revision K, the average f{light durations were found to be
between .7 and .8 hour for test hops and between 1.8 and 1.9 hours for
single-point winch. Because .7 and 1.9 yielded the closest baseline flight
hours, they were chosen.

Function 5

From SER-6L3LY, Revision K, the probability of no abort given a M.A. in-
flight was found to be .8892, Data from this SER showed 166 aborts in
1498 in-flight failures, or probability of abort equal to

166 = .1108
1498

Therefore, P(no abort) = 1 - .1108 = .8892.
Function 6

This function defines the number of maintenance men, the maintenance work
centers, i.e., the maintenance manpower specialty codes, and the elapsed
maintenance times, as observed in the ORME preventive maintenance repor-
ting forms to perform the preflight and daily inspections. The function
reflects the following information:

Preflight requires two helicopter repairmen for .9 hour.

Daily requires two helicoupter repairmen for 2.7 hours.
Function 7
The logic in the R&M model is so constructed as to reverse the priority
convention used in the basic GPSS computer language. The priority values
referred to in this function are for obtaining manpower to perform the

various inspection events. ‘This maintenance priority function, therefore,
assigns the lowest priority numbers to the highest priority events. As
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noted in the following assignment of priority numbers, the highest priority
event. is preflight, followed in order by daily, PMI and PMP inspections.
These priorities agree with actual CH-5WB operations as observed by Sikorsky
CRME reliability engineers,

Function 7 values are:

Event Priority No.
Preflight 5
Daily 15
PMI 29
PMP 30

Functions 10, 11, 12, 1k and 56

These functions have been revised to simulate CH-54B maintenance frequen-
cies. The functions define the probabilities of multiple maintenance
actions (M.A.'s) given that at least one M.A. has occurred. These func-
tions provide the information for during flight, preflight, daily inspec-
tion and intermediate inspection, respectively. Since it was not feasible
to construct this information from the ORME data base, the functions were
derived using the assumption that the probability of a given number of
M.A.'s follows a Poisson distribution. In functions 2 and 3, the proba-
bilities of zero M.A.'s are defined for the various events, i.e.:

P(0) = e where A = the frequency of the M.A.
the P (at least one M.A.) = 1-P(0)

The Poisson distribution defines the probability of x occurrences by the
formula

P(x) = AXe ™A/ x!

Therefore, the probability of x M.A.'s given that an M.A. has occurred is
provided by the equation

P(x)/1-P(0) = (2 Xe™/x!)/(1-e™)
Opecific values for these functions can be observed in Appendix I.

Functions 15 and 23

These are sorting functions which permit the R&M model to sort down from
the aircraft tc the system and to the component within the system to
identify the item causing the M.A. The functions have been revised to
account for jntermediate inspections. ©Specifically, these two functions
direct the R&M model to other functions which describe the probability
that an aircraft M.A. occurs in a given system and then to a second set
of functions that describe the probability that a system M.A. occurs in
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a4 piven element or component. The deseription off the two functions as

they relate to the various alreraft operational evenls is contained below.
kvent Event Code FN15 FN23
Preflig?t 2 FN19 FN2T
Aircrew'\® % FN15 FN2L
In-tlight 6 FN1'7 FN25
In-flight Abort 7 FN18 FN26
Intermed. Insp. s FN5T FN58
Preflight 12 FN19 FN2T
Daily 16 FN2O FN28
Periodic Insp. 17 FN21 FN2G

Functions 17, 18, 19, 20, 21, and 57

These functions provide the probability of a system's sustaining an M.A.
given that the aircraft has sustained an action for the events of in-flight,
in-flight abort, preflight, Adaily, periodic inspection and intermediate
inspection. 'The specific values contained in these functions are shown in
Table I under columns headed Cumulative Probability.

Functions 25, 26, 27, 28, 29 and 58

These functions provide the probability of an element or component sus-
taining an M.A. given that a particular system has sustained an action for
the events in-flight, in-flight abort, preflight, daily periodic inspection
and intermediate inspection respectively. For the CH-54B, each of these
functions contains approximately 300 data entries which describe the most
significant components from the viewpoint of frequency of occurrence,
expenditures of manpower, and impact on mission success. In order to keep
the number of elements reasonable, the least important elements in each
system were grouped into a catchall element where cumulative frequency,
the average maintenance times, and the most representative maintenance
specialists were assigned to th2se catchall items. These 20 catchall
elements accounted for slightl. over 30% of all the M.A.'s.

A function 58 was added to this data set since the ORME data included the
necessary -nformation. ‘It was not necessary to assume, as was the case in
previous Army simulation efforts, that the same distribution of M.A.'s
discovered during the more encompassing periodic inspection also applied
to the intermediate inspection. The specific values of these functions
are seen in Appendix III. These probabilities represent an actual couw:t
and the resulting ratio of component maintenance actions within each sub-
system as observed within each event.

(6) Aircrew inspection is covered in these functions because it exists in
the R&M model supplied by the Army; however, it will not be activated
in the CH-54B simulations since the CH-54B has no comparable event.
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Functions 32, 3k and 3%

tunction 7 defines the probability o’ a CH=5h] nircraft's being not
oprerationslly ready (kOR) given a "no abort" in-flight M.A. ‘This funclion,
which prescrives a probability for cach aircraft component, wns generaled
from data taken from the ORME Discrepancy/Corrective Action Reports. The
probabilities were computed for each element by taking the proportion of
in-flight "no =bort” MJA.'s thal were identified ir these CKME reports as
having caused the airceraft to be placed in a "downed" status upon comple-
tion ol the i'lipght.

Functions 34 and 35 reflect, for each CH-5LB componcnt, the computed pro-
protion of M.A.'s discovered in preflight and daily inspection, respec-
Lively, that down the aircraft. The specific values ot thesce functions are
shown in Appendix I11.

Functions 37, b0, 42, 43, 53, 5k and 0

These functions describe the on-aircraft and off-aircraft work periormed

to correct equipment discrepancies (maintenance actions) discovered during
the course of equipment operation and inspection. The functions describe
Lhe number of maintenance men, their active working time, their specialty
codes, and the mean elapsed maintenance time required to perform the correc-
Live action for each component. These are "packed" functions in that their
si4-digit values convey two or three bits of information rather than the
usual one bit of Information. Where threec bits are addressed, i.e., the
six-digit values are in actuality three twe-digit values, they are referred
to as the A, B and C packs or AP, BP, CP. Where two bits of information
are conveyed by the function, the two three-digit values are distinguished
by referring to AP and BP. Table XI describes the packed functions as they
have been defined tc reflect the CH-SLB aircraft/operation. Also, the
following comments are offered to further describe this information by
identifying the sources and limitations of the ORME data used.

a) The remove and replace data contained in Functions 37, 42, 43 and
T0 was derived from ORME Discrepan:y/Corrective Action Rports, where the
disposition codes were identified as:

Removed, Repaired, Reinstalled

Removed, Repaired, Made Ready for Issue (RFI)
Removed, Scrapped

Removed, Returned to Depot

Removed, Tested 0.K., Made RFI

These Discrepancy/Corrective Action Reports included all time spent on
removing the discrepant part and its replacement either with the same part
or with a like item. In the first two cases above, however, some off-
aireraft repair time is included. The error introduced by this fact is
small since less than 15 percent of all removals observed fall into these
two categories.
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b) Dbata for on-aireraft repair functions b0, 53, and 5b was taken
from Discrepancy/Corrective Action Reports where the Disposition Code was
detined as either "Repaired on Aircraft" or "Checked on Aircraft, Tested
J.E."

¢) In function 37, BP entries for each component have been set to
cero. This was done because the ORME program did not contain data with
which Lo measure the percentage of elements repaired given that they are
received at G,0,

#4)  In functions 40, L2, and 43, the AP values were set to zero since
the OIME program did not contain this information.

&) The ORME duta shows, in many cases, thal more than two maintenance
specialties (work centers) were involved in correcting the faults associa-
ted with each component. As a result, two things were done. First, since
the specialty requirements were somewhat different for remove and replace,
45 opposed to on-airceraft repair, a separate function, function T0, was
created to distinguish between the prirmary and secondary specialists
required for remove and replace vs. those required for on-aircraft repair.
Second, where there still remained requirements for more than two main-
tenance specialties, their times were added to the primary or s« condary
specialist category that they most closely matched. If no matcn existed,
the times were prorated over the primary and secondary work centers.

Munction bl

A1l CH-SUB component elements were reviewed with ORME engineers to define
test hop requirements. Based on this work, function bh has been revised
to reflect CH-54B test hop component candidates. Appendix III identifies
each component which may require a test hop by associating it with a

value one. Appendix IV shows a change in the probability of a maintenance
action requirement which was selected in order to bring the test hop flight
time to k.81 percent of the total flight time as was reflected in actual
CH-54B operational Listory.

Function 71

Since functicon 70 was added to distinguish between work centers required
for removal and replacement of a component, as opposed to its repair on-
aircraft, an additional function is required to permit sorting the proper
digits in the packed function. This function plus its associated variable
statements (which also had to be added) are identified below.

71 Function P1l, E3
vero 2 V269 3 vVo68
where V268

V209
V270

FNT70/10,000 for off-equipment W.C.
FNTO € 10,000/100 for secondary W.C., R&R
FN70 @ 100 for primary W.C., R&R

1]
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APPENDIX III

CH-54B MODEL INPUT FUNCTION LISTING

The following is a listing of all the input function values used in the
CH~54B model. Frequent references to these funclions are made in the
main body of the report.
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STUKAGL St 920 voulceaT0
STUKALL Sul ~obay Yy LV000LaTI

hd V0LV 48U
® Q0002490
» C00L02500
1 FUNCTION PayU¢ KECUNF IGUR AT Jun SURT 0000510
" L i 1 C000¢5¢0
b GOGLOL>30
» CUUOLH Al
< FUNCT IUN Pl7ru0 LRULP EVENT PRUDL UF SUCLESH 00UV 2550
1 PYYIIVYL ¥570975 YUYy ¥ 98 ~olT7litl Y9999yl 6 B1378100002500
17 LOLLOL Y6000u 00002570
» 00GLO¢5LO
» 00ubsbyu
3 FUNLT IUN Py PRUb NU MA OUK!NG FLIGHY 0LL002600
G dY4lcel ] Tolald 00L0Z010
2 V0UV0L6L0
* vOUUZoL 30
“ FUNCT TGN P8yDC MISSIUN DURATIUN 00002640
¢ 7 1 15 LOLO0Lo S50
» 00002660
» 0G0V0LLTO
5 FUNCTIUN Poeu2 PRUb UF NU AbJdnlT/MA IN FLIGHT Uoluledu
¢ 19 1ub 1l Jb91los 00020690
® 00002700
* L0OuG2T10
) FUNLT 1UN PLT.02 LINL MAINTENANCE MANPOWER MUS 9 +DURAT JON 00002720
Z JU03ALY 16 200347 00002730
* 00002740
* 00002750
7 FUNLTION P1l7,010 MAINTENANC e PRIORITY Lwe002760
1 < 5 3 24 8 29 11 10 12 5 0000770

16 15 17 3u 22 20 23 25 G0GO2780
L 00002790
» 00002800
b FUNCTION PLTy0¢ QUEUE LIMIT GRUUND EVENTS 00Q02b10
1 o > 999996 00002820
» 0000¢830
* 60004846
g FUNCT IuN F19,c9 WHEN U1SLUVERED SURT MULTI-FAILUKES CUOO0Z850
P4 rN11 5 FN13 o FNLO T FNL1O o FNSL 12 FN11 00002860
16 FNL1Z2 17 FNLe 21 FNS 1 00002870
» 00002480
* 00002890
10 FUNCTIUN RN1yU% PRUL MULT MA/MA DUKING FLIGHT (0002900
v.806571 GevuTol VeY9v13 V.999%4 00002910
* 00002920
* C000293C
11 FUNCTION RNLyU> PROG MULT MA/MA DURINu PREFLIGHT 00002940
LeyTudl Ga999 12 Ue2999y3 000062950
» 00002960
- 00002970
12 FUNCT 10N KN1y U PRUbB MULT MA/MA UURING UAILY 00002980
0.90051 Ue79 332 Ca 99973 U Y9994 00002990
* 00003000
» COoC03010
13 FUNLT1ON RN140DZ PROB MULT MA/MA DURINL AIRCREwW 00003620
Vevy91lu1 VY9992 00003030
» 00003040
» 40003050
le FUNL T UM KN1,025 MRUb MULT MA/MA PMP 00u03060
U.00021 L0142 0.00%03 0401094 UeCalad 0.08576 00063070
Colbaus? G.24T18 Ue3dLbe9 Ce480G010 0.599211 0.706812 00003080
0.796513 U.865914 C.916u1% 0.9500 16 UVe9T10617 0.984618 00003090
Ve992019 0990140 0.99u1l21 Us99912¢2 G.999623 Ue999824 00003100
0999945 00003110
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»

15 FUNCT LON Plyyts WHEN DISCOVERED SOKT SYSTEM FAILURE
2 FN1y 5 FNlo o ENLT 7 FN18 b FN5T 12 FN19
lo FNZO 17 FNZ)

*
*

16 FUNCT ION RNLlybgl PrUb SYSTEM MA AIRCREW/MA AIRCREW
L.180201 UelbY20L2 0.c07203 0.252304 U+342305 0531500
Le617107 LeTlolUB VeT25209 0842310 UebT78B411 0.891912
Ue.YUS413 Oelunley D.9306915 0.955019 0.959520 0.968522
0.%73023 0977524 0.999925
»

»

17 FUNLTION KN1,020 PRUB SYSTEM MA IN-FLIGHT/MA IN-FLIGHT
velLTOL Vel 3L TUd UeUn2703 UelUUT70L04% 0.089505 0.1716006
Cedbl0UT V275008 Ue 335009 0.357710 Oe.4lb711 Oeu43T12
Us40DTL3 Vel T1e Oeb4lvlhb Ue78LBlo Ce BT4317 0«915718
VeYT511Y Uey¥Y9sL0L
»

»

18 FUNLTIUN RN1,yU15 PRUL SYSTEM MA ABUKT IN-FLT/MA ABT IN-FLT
Le021ull 0.02Tu0Z Ue 105304 Uela 7505 Ueddol06 0406607
0e557¢l) O0.087312 Oeb2¥Y513 0e00561e GaT43915 0.8102106
Lebloel? Ga954819 Oa99Y920
»

»

1y FUNCLTIUN KNLlyU2O PROL SYSTEM MA PREFLIGRT/MA PREFLIGHT
Uelbl4aUl 0al139¢02 Uel93604 0635 TO Ue 372705 0.5006006
U.543207 Us5T¢ 300 O.08z 309 UVe6B0610 0774711 0793912
Vebubll3 vebUlble Gedle9ls U.Y406316 Ue95b417 0.960218
G,Lvbl219 OaY9y90
x
»

<l FUNLT IUN KN1y LU PRUB SYSTeM MA UAILY/MA DAILLY
V.045301 G.10270¢ Colivb0s UelZ 5004 Le279005 0.4189006
Ga550807 Ve LS TG0 Oeb3820Y 0045710 CeT730811 Ge733412
Ve 745113 LaTol 1l Vebll9id U.8223106 U.B36817 VeB41918
Ve2T3219 G999 492U
*

»

21 FUNCTiUN KN1 020 PROE SYSTEM MA PMP/MA PMP
Uel2uUlCl Ue235002 Gel254902 0435604 Ve&T130% Ue577T906
UebLB8l07 el LY Oe 685309 Ue69 8010 UeT30411 UeT60212
U.T77UB1L3 VeT823L4 Ue85671% C.684916 Ued9 1517 0.899818
UVaYB511Y 0999920
»

»

2¢ FUNCT ION F3sLeu NUMBER UF ELEMENTS IN SYSTEMS
Gl <G [#73 2% J3 13 Lae 3¢ 05 4 06 23
(3] 22 vB 5 Oy lo 10 11 11 13 12 5
13 2] ie 11 15 20 1o 15 17 14 18 7
19 15 <C b
*

*

23 FUNLT ION Plysto WHEN DISCOVERED LORT LLEMENT FALLUKE
2 FNZT > FNZ4 o FN2S 7 FN2O6 B FNb8 12 FN2T
lo FNZB L7 FNZ9
»

»

24 FUNLT IULN FNaoyLZa ) PROB ELEMLNT MA AIKCREW/MA SYS AIRCREW
vltl  ued vlite 000 Lit3 050 OlLe 025 0105 05C 0106 150
vi0?T 125 vlug (50 01u9y 030 011G o075 0l11 100 0llz 000
vils oT> Glla 1060 0115 U7 0ll6é V50 w20l 000 0202 999
ueLs  COu Leua  00G 0405 GO0u 0301  25¢ 0302 ¢5¢0 0303 >0

_LADGS 250 . D305 . 000 _0«0)_ Q0D . Oe0r . 200

00003120

00003130
G0003140
00003150
00003160
00003170
00003180
60003190
00003200
00003210
060003220
00003230
00003240
00003250
00003260
00003270
00003280
00C0329%90
000w 3300
00003310
00003320
00003330
00V03340
00005350
00303360
0003370
00003360
000035v0
00003400
00003410
00003420
U0005430
0000 3440
0uG03450
60003460
G0U03470
00003480
00005490
00003500
00uLUL 3510
000u 3520
000L3530
000uL3540
00003550
00003560
u0G03570
60003580
00003590
00003600
00003610
(0003620
000G3630
00003640
00003650
00003600
00C0 3670
C0V03680
00003690
000uU3700
000603710
00G03720
00L0 3730
00003740
00LO0 3750
G000 3760

. 4Qs 000 __Qéele. 000 __COLORATIO.



0405 000 0406 000 0407 Q00 0408 000 0409 000 0410 000 00003780
0411 100 O4lz 000 0413 (00 0414 000 0415 200 0al6 200 00003790
usel?T 000 0418 10¢ 0419 100 0420 000 0421 100 0422 000 00003800
0423 000 0424 000 0425 000 0501 200 G502 100 0503 000 uovo3s1lo
0504 000 0505 00u 0506 150 05071 250 0508 000 0509 000 00003820
0510 250 G511 Guo 0b1l¢ 000 0513 050 0514 000 0515 0Q0v 00003830
0516 (00 0517 000 0601 000 0602 QO 0603 000 0604 000 00003840
veld> 071 U606 (95 0607 214 0608 Ot 0609 000 0610 000 00003850
ubll 143 Ubl2 0Oa8 06l3 214 J6le 0O71 U615 000 0616 071 00003860
Gol7 000 06l 024 0701 105 0702 000 0703 053 0704 105 00003870
0705 000 0706 000 0707 000 0708 158 0709 000 0710 000 00003880
uUT1ll 000 G712 055 0713 053 0714 053 0715 051 0716 105 00003890
U717 053 718 053 0719 053 0720 000 arzr 000 0722 000 00003900
G123 000 CT24 105 0725 000 0801 000 0802 091 0803 136 00003910
0804 000 0805 000 0806 091 0807 0OuoO 0808 091 0809 000 00003920
G81C  0VOU (811 045 0812 273 o813 000 08l4 000 0815 045 00003930
08le 045 0Bl7 045 0bla 136 081y 000 0820 000 0821 000 G0u0 3940
0901 500 0902 000 0903 000 0904 500 0905 000 0906 000 00003950
oyL7 GO0 09068 0V0 1001 077 1002 038 1003 000 1004 192 00003960
1005 192 lul0e 231 1007 O3b 1008 077 10069 077 1010 000 00003970
1011 V00 1012 000 1013 000 101« 038 1015 000 1016 038 000035980
1vl? 000 e 000 1019 000 1101 375 1102 000 1103 125 0000 3990
1104 LOC 1105 000 1106 000 1107 125 1108 000 1109 375 00004000
L1iu wou Le0l GO0 1202 333 12062 000 1204 0OU 1205 000 60004010
1206 GO0 1207 o667 12084 000 1209 0060 1301 00¢ 1302 333 00004020
1303 333 130« 000 1305 333 1401 00O 1402 500 1403 GO0 00004030
laGe 500 1405 000 1406 000 1407 00U 1408 000 1409 000 00004040
1410 0GC 1«11 000 15061 200 1502 00U 1503 000 1504 200 00004050
1505 0oy 1506 LOU 1567 000 1508 000 1509 200 1510 200 00C04060
1511 u0O0 1512 200 1513 000 1514 000 1515 000 1516 CO0O0 00004070
1517 00v 518 000 1519 000 1520 000 1521 000 1522 000 00004080
leul GO0 lou2 000 1603 GOO 1701 000 1702 000 1703 000 000040vC
1801 00vU 1802 000 1803 000 1901 000 1902 000 1903 000 00004100
1v0¢ 000 1905 750 1906 250 2001 000 <002 000 2003 99y 00004110
2lul GO0 <201 999 2202 000 2203 00¢C 2301 999 2401 999 00004120

<301 999 Q0004130
* 00004140
» 00L04150

I} FUNLT 1N FNaosL 290 PROb ELEMENY MA IN-FLIGHT/SYS MA IN-FLIGHT00004160
0l01 00C Llue uT7 vleld w1t 0104 000 0l0s 0060 0106 000 000064170
viul?  GOU L1108 00 Gloy 000 0110 000 0111 000 0112 000 000U~180
vils w00 Ulles OO Ully 0G0 ¢llé 000 Glly 000 0118 000 0LU04 190
villy  uO0u U120 B4 0201 003G G202 030 .03 06l w204 030 00004200
L2055 0L udub  ulL Veu?T 0UU 02u8  wul 02069 000 0210 000 00004210
uell  wue L2112 303 0213 000 0214 GO0 G215 000 0216 091 0000220
01T V6l el 030 Ocly GO0 0¢20 OUOo 0221 00O 0222 OOuv 0004230
Ldds U9l ueles 27y Loul uNoO U3ue 055 L3033 000 0304 333 00004240
L3u5 w0l u3ue (0U 0307 CGC 0308 000 G309 006 0310 000 00G04250
U311l LOCG U3l UOU G313 61l U401 O8O 0402 000 0403 CO0O 00004260
0404 L20 0405 00¢ 0eC6  U2U 04uUT 000 U408 000 0409 000 00004270
U&elu LU Lell 120 0412 00U 0413 00O Oals 020 0415 000 00004280
Lelo GO0 0417 000 O«ld  vOU O4ly O0D4 0420 004 U421 00« 00004290
uszl LO4& Less  L04 0ala 00« Oaedb (Lo Oa¢6 000 0427 GO0 00604300
Laced  LOU Cacy LOO V430 WwU0 0431 0Qu 0432 0640 0501 000 00004310
(V- YV VLX) L5503 B850 Ubus  10LO (s Y- T ¢ 101V} G506 000 0507 000 00004320
vl 000 vell 000 0602 000 GoL3 LY vbl4 100 0605 000 00004330
Oeuve  LOY Le0T WUl 06y LOU 06LY 004 vslt 000 0611 0CO 00004340
tolese uwlb Lolld  G0b Oola 228 UolS 000 Qoule 000 0617 0048 00004350
Lol 11 Qoly 057 Qo¢G 00U 0ol O0B voee 024 0623 317 000G4360
vTul  U0H VTG ull 0Tl L0 0704 OO C70s 000 0706  GL17 00004370
vlul  U25 OuE  Lel 07Uy 21d 0710 185 0711 03« 07lz 218 00004380
V713 008 UTle  OJ4 0715 017 07i6 00O U717 000 0718 000 00004390
071y 000 0720 (17 0721 w00 0722 160 Lu0l 083 0802 167 00004400
uBL3 L3 ublL4e 167, Obub 50 0¥0l 103 0904 034 0903 000 00004410
u9Ge  LOOU Uyus 034 ygdve Oll 0907 O4o U968 011 0909 069 00004420

VY0 D9 091) 230 Q91Z O3 0913 023 0%ls 0L} Q%19 000 0G004wée30

60



u9lo
1uve
11061
1107
1113
1301
1307
1405
iall
1500
Iole
iul8
1524
1oV«
1610
1701
17C7
1713
1805
1904
1910
2001
2007
26
0101
0107
vlld
Cll9
ueth
ulll
L2l
02¢3
030%
uv3ll
0404
0410
04lo
0422
0428
u50¢
o508
0606
0612
0618
vT01
0707
0713
o719
0803
0904
(910
U916
1006
1101
1107
1113
1301
1307
1405
141}
1506
1512
1518
1524
1604
i610

slu 1001
108 1uu?
103 1104
Gou 1lu8
Su6 1201
LiL 13u
ch e 1308
ui7 l4Uo
+81 1501
U0« 1507
17 1413
c13 1519
U225 1545
L58 lodd
029 loll
vo7 1702
u00 1708
LS50 1 Tl
016 1800
012 l9usS
081 1911
075 <002
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FUNLTIUN
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000 0108
uooG Ulls
000 0120
6oU L206
v00 0212
[§e]¢] v218
000 0244
000 0306
00U 0312
154 040>
000 0411
000 0417
013 0423
000 0429
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143 0601
000 0607
000 uoll
043 0619
000 0702
000 0708
000 0714
000 0720
000 0804
000 0905
[ )] 0911
000 1001
000 1007
160 1102
000 1108
560G 1201
600 1302
000 1308
167 1406
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000 1507
000 1513
000 1519
000 1525
000 1605
000 1611
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lo2 10048
000 1103
Loy 110y
ull 1202
Guo JE1VE]
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Luu 1407
080 150¢
vos 1506
(Y] 1514
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ulL3 15206
154 1600
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[$1¢10 1703
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081 1807
093 1906
081 1912
200 20063
325
FNabyL2YS
000 0103
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000 0207
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000 0219
000 0301
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000 0313
600 04006
0ou 04l2
000 0418
013 0424
000 0430
571 0504
000 0602
043 0608
000 06l4e
000 0620
050 0703
100 0709
050 0715
000 0721
000 0805
000 0906
000 0912
000 1002
000 1008
000 1103
080 1109
200 1202
000 1303
571 1401
000 1407
308 1502
000 1508
000 15)4
arr 1520
000 1526
091 1606
000 1612

000 1003 054
ouv 100y GOO
103 1106 011
(VV] 111¢ 000
333 1203 238
050U 1304 GOU
cov 1402 U7«
03?7 1408 148
0Z1 1503 017
00a 15069 013
000 1515 oos
051 1521 008
426 1601 043
034 1607 029
067 l613 010
Gl 1704 157
329 1710 029
339 1802 032
145 1901 035
198 1907 000
023 1913 000
G775 2G04 100
PRUb ELEMENT MA
000 010« 000
000 0l10 000
000 0ll16 000
000 020 000
000 0208 00O
000 0214 OO
000 0220 000
o0V 0302 000
000 0308 000
000 0401 077
000 0407 000
Q00 0413 000
000 0419 013
013 0425 077
000 0431 000
000 0505 000
000 0603 000
000 0609 0«3
261 0615 000
000 0621 000
000 0704 000
300 0710 200
000 0Tl6 000
000 0722 150
000 0901 000
000 0907 000
000 0913 Q00
000 1003 000
000 1009 000
000 1104 000
000 1110 000
009 1203 0Ou0
000 1304 000
000 1402 000
167 1408 500
000 1503 000
000 1509 000
000 1515 077
L54 1521 077
154 1601 000
000 1607 091
091 1613 000
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1004
1010
1105
1111
1204
130%
1403
1409
1504
151u
1516
1522
1602
1608
1614
1705
1711
1803
1902
1908
191~
2005

INFLT ABT/SYS

0105
0111
o117
0203
0209
0215
0221
0303
0309
0402
0408
Vaela
0420
0«26
0432
0506
0604
0610
0616
0622
0705
0711
0717
0801
0902
0908
0914
1004
1010
1105
1111
1204
1305
1403
1409
1504
1510
1516
1522
1602
1608
1614

135
000
ull
011l
O4b
182
037
074
013
008
000
013
l44
024
Ola
Ole
043
g7
058
Oel
128
050

000
000
000
000
000
000
000
000
Q00
000
o7
077
013
000
462
000
174
000
000
087
000
050
000

000
000
000
000
000
000
000
000
429
069
000
000
000
000
or7
091
000
000

1005

351 00004440

1011 189 00004450
1106 034 00004460
1112 034 00004470
1205 310 00U0 4480
1306 06l 00004490
1404 111 00004500
1410 000 00004510
1505 013 €0004520
1511 017 00004530
1517 004 00004540
1523 008 00004550
1603 019 00004560
1609 019 00004570
1615 313 00004580
1706 129 00004590
1712 0Ol4 00004600
1804 000 00004610
1903 000 00004620
1909 041 00004630
1915 209 00004640
2006 075 000C4650
00004660

MA INFLT ABTO0004670
0106 000 00004680
0112 000 00004690
0118 000 00004700
0204 000 00004710
0210 000 00004720
0216 999 00004730
0222 000 00004740
0304 000 00604750
0310 000 00004760
0403 000 60004770
0409 000 00004780
041% 000 00604790
0421 013 00004800
0427 000 C0004810
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0605 000 00004840
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0903 000 00004920
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1106 080 00004970
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1205 800 00004990
1306 000 00005000
1404 000 00005010
1410 000 00005020
1505 000 00005030
1511 000 00005040
1517 077 00005050
1523 000 00005060
1603 182 00005070
1609 000 00005080
1615 455 00005090
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